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EXTRACT  FROM  THE  PREFACE  TO  THE 
FIRST  EDITION 


Is  this  book  an  attempt   has  been  made  to  interweave 

mial  exposition  with  practical  work,  according  to  a  pro- 

ammc  which  I  have  followed  for  some  time  past  in  teaching 

h^-siology  to  medical  students  on  the  other  side  of  the 

tlantic.  and  which  lias,  it  is  believed,  proved  to  be  well 

aptcd  to  their  needs  and  opportunities.     It  ought,  how- 

*cr.  to  be  explained  that,  for  various  reasons,  a  somewhat 

idcr  range  of  experiment  is  open  to  the  student  in  America 

an  in  this  country.     Bui  as  nobfidy  will  use  this  book 

cepi    in    a    regular    lab(.)ratory    and    under    responsible 

guidance,  it  has  not  been  thought  necessary  to  mark  in  any 

special  mann-^r  the  parts  of  the  exercises  which  the  English 

ftident  must  do  by  proxy  (that  is,  learn  from  demon^tra- 
oa%).  and  the  parts  he  ought  to  parform  for  hioualf. 
An  arrangement  of    the  exercises  with  reference  to  the 
rstcmatic  course  has  this  advantage — that  by  a  little  care 
is  passible  to  secure  that  practical  work  on  a  given  subject 
?iial!  actually  be  going  on  at  the  time  it  is  being  expounded 
I      m    the    lectures.     Cross-reference    from     lecture-room     to 
Liborator)%  and  from  laboratory  to  lecture-room,  from  the 
detailed  discussion  of  the  relations  of  a  phenomenon  to  the 
ving  fact  itself,  is  thus  rendered  easy,  natural,  and  fruitful. 
As  some  teachers  may  wish  to  know  how  a  course  such  as 
t  described  in  the  Practical  Exercises  may  be  conducted 
A  fairly  large  class,  a  few  words  on  the  method  we  have 
rd  may  not  be  out  of  place.     It  is  obvious  that  many 
exercises  require  more  than  one  person  for  their  per* 
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formance  ;  and  it  may  be  said  that,  except  in  the  case 
the  simpler  experiments  and  the  chemical  work  as  a  wh( 
which  each  student  does  for  himself,  it  has  been  fov 
convenient  to  divide  the  class  into  groups  of  four,  each  grc 
remaining  together  throughout  the  session.  It  is  possi 
that  some  may  find  a  group  of  four  too  large  a  unit,  anc 
is  certain  that  three,  or  perhaps  even  two,  would  be  bett 
but  in  a  large  school  so  minute  a  subdivision  is  har 
possible,  vdthout  entailing  excessive  labour  on  the  teacht 

The  systematic  portion  of  the  book  is  so  arranged  tl 
it  can  equally  well  be  u«i?d  independently  of  the  practi 
work,  and  aims  at  being  in  itself  a  complete  exposition 
the  subject,  adapted  to  the  requirements  of  the  student 
medicine. 

As  to  the  matter  of  the  text,  it  is  hardly  necessary  to  s 
that  this  book  does  not  aspire  to  the  dubious  distinction 
originality ;  and  it  is  literally  impossible  to  acknowlec 
all  the  sources  from  which  information  has  been  deriv« 
In  many  cases  names  have  been  quoted,  but  names  no  1 
worthy  of  mention  have  often  been  of  necessity  omitted. 


G.  N.  STEWART 


Cambridge, 

Sepiembur^  1895. 
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INTRODUCTION 

'  Life  is  a  power  superadded  to  matter ;  organization  arises 
from,  and  depends  on,  life,  and  is  the  condition  of  vital  action  ; 
but  life  never  can  arise  out  of,  or  depend  on,  organization.* — 
John  Hunter. 

Living  matter,  whether  it  is  studied  in  plants  or  in  animals, 
has  certain  peculiarities  of  chemical  composition  and  structure, 
but  especially  certain  peculiarities  of  action  or  function,  which 
mark  it  off  from  the  unorganized  material  of  the  dead  world 
around  it. 

Chemical  Composition  of  Living  Matter.  —  Although  we 
cannot  analyze  the  living  substance  as  such,  we  can  to  a  certain, 
but  limited,  extent  reconstruct  it,  so  to  speak,  from  its  ruins. 
When  subjected  to  analytical  processes,  which  necessarily  kill  it, 
living  matter  invariably  yields  bodies  of  the  class  of  proieids, 
which  have  approximately  the  following  composition  :  Carbon, 
51-5  to  54-5  per  cent.  ;  oxygen,  20*9  to  23*5  per  cent.  ;  nitrogen, 
15*2  to  17  per  cent.  ;  hydrogen,  6'9  to  7-3  per  cent.,  with  small 
quantities  of  sulphur.  Nxicleo-proieids^  which  are  compounds 
of  proteid  with  nucleic  acids,  a  series  of  sulphur-free  organic 
acids  very  rich  in  phosphorus,  are  also  constantly  met  with. 
Certain  carbo-hydrates y  composed  of  carbon,  hydrogen,  and 
oxygen  (the  last  two  in  the  proportions  necessary  to  form  water), 
of  which  glycogen  (CgHj^O^)  may  be  taken  as  a  type,  appear  to 
be  always  present.  Fats,  which  consist  of  carbon,  hydrogen, 
and  oxygen,  and  of  which  tristearin,  a  compound  of  stearic  acid 
with  glycerine,  of  the  formula  CgH^,  3(CjgH350j,),  may  be  given 
as  an  example,  are  often,  but  perhaps  not  always,  found.  Finally, 
water  and  certain  inorganic  salts,  such  as  the  chlorides  and  phos- 
phates of  sodium,  potassium,  and  calcium,  are  constantly  present. 

Structure  of  Living  Matter  —  The  Cell, — Protoplasm  or 
living  substance,  when  examined  in  its  most  primitive,  un- 
differentiated condition  in  such  cells  as  the  amoeba  or  the  white 
blood-corpuscles,  appears  a  homogeneous,  structureless  mass, 
except  for  certain  granules  embedded  in  it,  and  consisting  either  of 
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products  formed  by  its  activity  or  of  food  materials.  But  in  m 
cells  the  protoplasm  presents  the  appearance  of  a  honeycoml 
network*  with  granules  usually  situated  at  the  nodes,  and  hole 
in  its  vesicles  or  meshes  a  fluid,  j)erhaj»  containing  f)abul 
from  which  the  waste  of  the  living  framework  is  made  good 
material  ujx)n  which  it  works,  and  which  it  is  its  business 
transform.  Some  observers,  however,  maintain  that  the  i 
work  is  an  artificial  appearance  produced  by  the  precipitai 
of  the  colloid  constituents  of  ^e  protoplasm  by  the  fb 
reagent  or  even  by  the  coagulative  processes  associated  with 
act  of  dying,  and  that  the  unaltered  living  substance  is  a  ho: 
geneous  fluid  or  jelly.  In  certain  respects  it  behaves  like  a  liq' 
and  in  others  like  a  solid,  a  peculiarity  which  is  undoubtc 
associated  with  its  richness  in  colloids,  as  experiments  v 
such  substances  as  gelatine  and  agar  have  shown.  In  builc 
up  our  t\*pical  cell  we  start  ^^•ith  a  piece  of  protoplasm.  So 
where  in  the  midst  of  this  we  find  a  body  which,  if 
absolutely  different  in  kind  from  the  protoplasm  of  the  res 
the  cell  or  cytoplasm,  is  yet  marked  off  from  it  by  very  defii 
morphoK"»gical  and  chemical  characteis. 

This  is  the  nucleus,  generally  of  round  or  oval  shape,  and  ol 
Kmnded  by  an  enveloj^.  Within  the  envelope  lies  a  second  i 
work  of  fine  threads,  which  do  not  themselves  stain  with  nuc 
d>-es  such  as  luematoxylin.  But  in  or  on  these  '  achrmnai 
filaments  lie  small,  highly  refractive  particles,  staining  reat 
and  deeply  with  d\vs.  and  therefore  described  as  consisting 
Kkn>tmaiin.  This  chromatin  is  either  made  up  of  nucleins  (nuc 
j'Hvteids  }x!irticularly  rich  in  nucleic  acid,  and  therefore  in  fJ 
j^orus),  or  fields  m^Jeins  by  its  decomposition :  and  it  seem* 
owe  its  affinity  for  certain  staining  substances  to  the  preswic 
nucleic  acid.  \\'hen  the  nucleus  is  about  to  divide  in  the  man 
known  as  indirect  division  or  kar^vkinesis,  the  chromatin  gram 
arrange  themselves  into  one  or  naore  coiled  iilaments  or  ske 
The  meshes  ot  the  nuclear  reticulum  contain  a  semi-fluid  matei 
which  dkvs  not  reavhly  stain.  The  nucleus  is  distinguished  ft 
the  cytoplasm,  even  as  reganl?  it?  inorganic  cvxistittientSs 
the  ah?<enot  ot  ivtassium,*  Besivles  the  nudeus,  another  m' 
smaller  structure,  the  centu>?<^nu\  surrvninded  by  the  attract 
sj^re.  is  ditfervntia:t\l  in>m  the  •tH\^toi>*.isiu  ot  :he  cvlL 

When  w^  conni'  back  the  .malx'sis  ot   a:t  on:arJ-red  Nxiv 
far  as  we  con,  wv  r.uvl  that  e^•e^^■  organ  ot  tt  i?  luade  up  of  « 
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which  upon  the  whole  conform  to  the  type  we  have  been 
describing,  although  there  are  many  differences  in  details.  Some 
organisms  there  are,  low  down  in  the  scale,  whose  whole  activity 
is  confined  within  the  narrow  limits  of  a  single  cell.  The  amoeba 
sets  up  in  life  as  a  cell  split  off  from  its  parent.  It  divides  in  its 
turn,  and  each  half  is  a  complete  amoeba.  When  we  come  a  little 
higher  than  the  amceba,  we  find  organisms  which  consist  of 
several  cells,  and  '  specialization  of  function  '  begins  to  appear. 
Thus  the  hydra,  the  '  common  fresh-water  polyp '  of  our  ponds 
and  marshes,  has  an  outer  set  of  cells,  the  ectoderm,  and  an 
inner  set,  the  endoderm.  Through  the  superficial  portions  of 
the  former  it  learns  what  is  going  on  in  the  world  ;  by  the  con- 
traction of  their  deeply-placed  processes  it  shapes  its  life  to  its 
environment.  As  we  mount  in  the  animal  scale,  specialization  of 
structure  and  of  function  are  found  continually  advancing,  and  the 
various  kinds  of  cells  are  grouped  together  into  colonies  or  organs. 
The  Functions  of  Living  Matter. — The  peculiar  functions  of 
living  matter  as  exhibited  in  the  animal  body  will  form  the 
subject  of  the  main  portion  of  this  book  ;  and  we  need  only  say 
here :  (i)  That  in  all  living  organisms  cerlain  chemical  changes  go 
on,  the  sum  total  of  which  constitutes  the  metabolism  of  the 
body.  These  may  be  divided  into  (a)  integrative  or  anabolic 
changes,  by  which  complex  substances  (including  the  living 
matter  itself)  are  built  up  from  simpler  materials ;  and 
(b)  disintegrative  or  katabolic  changes,  in  which  complex  bodies 
(including  the  living  substance)  are  broken  down  into  com- 
paratively simple  products.  In  plants,  upon  the  whole,  it  is 
integration  which  predominates ;  from  substances  so  simple 
as  the  carbon  dioxide  of  the  air  and  the  nitrates  of  the  soil  the 
plant  builds  up  its  carbo-hydrates  and  its  proteids.  In  animals 
the  main  drift  of  the  metabolic  current  is  from  the  complex 
to  the  simple  ;  no  animal  can  construct  its  own  protoplasm 
from  the  inorganic  materials  that  lie  around  it  ;  it  must  have 
ready-made  proteid  in  its  food.  But  in  all  plants  there  is  some 
disintegration  ;  in  all  animals  there  is  some  synthesis.  {2)  The 
living  substance  is  excitable — that  is,  it  responds  to  certain  ex- 
ternal impressions,  or  stimuli,  by  actions  peculiar  to  each  kind 
of  cell.  (3)  The  living  substance  reproduces  itself.  All  the 
manifold  activities  included  under  these  three  heads  have  but 
one  source,  the  transformation  of  the  energy  of  the  food.  It  is 
not,  however,  upon  the  whole,  peculiarities  in  food,  but  in  mole- 
cular structure,  that  underlie  the  peculiarities  of  function  of 
different  living  cells.  A  locomotive  is  fed  with  coal  ;  a  steam- 
pump  is  fed  with  coal.  The  one  carries  the  mail,  and  the  other 
keeps  a  mine  from  being  flooded.  Wherein  lies  the  difference 
of  action  ?     Clearly  in  the  build,  the  structure  of  the  mechanism, 
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which  determines  the  manner  in  which  energy  shall  be  trans- 
formed within  it,  not  in  any  difference  in  the  source  of  the 
energy.  So  one  animal  cell,  when  it  is  stiuiiihiled^  shortens  or 
contracts  ;  another,  ird  purhaps  with  the  same  food,  selects 
certain  constituents  fiom  the  blood  or  lymph  and  jiasses  them 
through  its  substance,  changing  them,  it  may  he,  on  the  way  ; 
and  a  third  sets  up  impulses  which,  when  transmitted  to  the 
other  two,  initiate  the  contraction  or  secretion.  In  the  living 
body  the  cell  is  the  machine  ;  tlie  transformation  of  the  energy 
of  the  food  is  the  ]>r<>ress  which  '  runs  '  it.  The  structure  and 
arrangement  oi  <e1U  and  the  steps  by  which  energy  is  trans- 
formed uilhiii  Ihem  sum  up  (he  wholr  of  biology. 


PR\rTICAL  RXERCTSE5. 

Reactions  of  Proteids. 
I.  General  Reactions  of   Proteids.-  Egg-aUiumin  may  be  talcen' 

as  a  type.  Prepare  a  solution  of  it.  In  breaking  the  egg,  take  care 
that  none  of  the  yolk  gets  mixed  with  the  white.  Snip  Uic  wliilc  up 
with  scissors  in  a  large  capsule,  then  add  ten  or  liftccn  limes  its 
volume  of  distilled  water.  The  solution  becomes  turbid  from  the 
precipitation  of  traces  of  globuhn,  since  globuhns  are  insoluble  in 
distilled  water.  Stir  thoroughly,  strain  thruiigh  several  layers  of 
mushn.  and  then  filter  through  paper. 

Colour  Reactions, 

(i)  Add  to  a  little  of  the  solution  in  a  tcst-tul>e  a  few  drops  of 
strong  nitric  acid.  A  precipitate  is  thrown  down,  which  becomes 
yellow  on  bttiling.  Cool,  and  add  strong  ammonia  ;  the  colour 
changes  to  orango  {xantho-proieic  reaction).  The  reaction  depends 
upon  the  presence  of  aromatic  radicles  in  the  proteid  molecule, 
especially  tyrosin  and  tn,'ptophane  (p.  202). 

{2)  To  a  third  portion  add  a  drop  or  two  of  very  dilute  cupric 
sulphate  and  excess  of  sodium  or  potassium  hydrate  ;  a  violet  colour 
appears.  Peptones  and  proteoses  (albumoses)  give  a  pink  [biuret 
or  Piotrowski's,  reaction).*     See  p.  375. 

{^)  To  another  ]>ortion  add  MiUott's  reagent ;  f  a  precipitate  comes 
down,  wliich  is  turned  reddish  on  boiling.  If  only  traces  of  proteid 
arc  present,  no  precipitate  is  caused,  but  the  liquid  takt-^  on  a  rod 
tinge.  The  reaction  is  duo  to  tyrosin.  It  is  given  by  all  aromatic 
substances  which  contain  the  group  CpHn  with  at  least  one  II  replaced 
by  OH. 

(4)  A damkiewicz' s  reaction  {Mophin's  modification). — To  a  small 
quantity   of    the  albumin  solution   add   the   same   bulk   of    dilute 

•  The  reaction  is  also  given,  although  more  faiutly,  witli.  the  hydrates  of 
litluum.  strontium,  and  barium.  It  is  given  by  all  substances  contaimng 
at  least  two  CONR,  groups  attached  to  one  another  (as  in  oxamide),  or 
to  the  same  nitrogen  atom  (as  in  biuret),  or  to  the  same  carbon  atom. 

f  Millon's  reagent  consists  of  a  mixture  of  the  nitrates  of  mercury  with 
nitric  acid  in  excess,  and  some  nitrous  acid.  To  make  it,  dissolve  mercury 
ia  its  own  weight  of  strong  nitric  acid,  and  add  to  the  solution  thus 
obtained  twice  its  volume  of  water.  Let  it'stand  for  a  sliort  time,  and 
then  decant  the  clear  Uquid.  which  is  the  reagent. 
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glyoxylic  acid.  Mix,  and  to  the  mixture  add  an  equal  volume  of 
strong  pure  sulphuric  acid.  A  purple  colour  is  obtained.  The 
substance  in  the  proteid  molecule  which  gives  the  reaction  is  tryp- 
tophane (p.  293). 

Precipitation  Reactions. 

(5)  Acidify  another  portion  strongly  with  acetic  acid,  and  add  a 
few  drops  of  a  solution  of  potassium  ferrocyanide.  A  white  pre- 
cipitate is  obtained.     Peptones  do  not  give  this  reaction. 

(6)  Heat  a  portion  to  30°  C.  on  a  water-bath.  Saturate  with 
crystals  of  ammonium  sulphate  ;  the  albumin  is  precipitated.  Filter, 
and  test  the  filtrate  for  proteids  by  (2).  None,  or  only  slight  traces, 
will  be  found.  The  sodium  hydrate  must  be  added  in  more  than 
sufficient  quantity  to  decompose  all  the  ammonium  sulphate.  It 
will  be  best  to  add  a  piece  of  the  solid  hydrate.  Pejftones  are  not 
precipitated  by  ammonium  sulphate,  but  all  other  proteids  are. 

(7)  Add  alcohol  to  a  small  quantity  of  the  solution.  The  proteid 
is  precipitated.  It  can  be  redissolved  at  first,  but  rapidly  becomes 
insoluble. 

2.  Special  Reactions  of  Groups  of  Proteids — (i)  Coagulable  Pro- 
teids :  (a)  Native  Albumins. — (a)  Heat  a  little  of  the  solution  of 
egg-albumin  in  a  test-tube  ;  it  coagulates.  With  another  sample 
determine  the  temperature  of  coagulation,  first  very  sUghtly  acidu- 
lating with  a  2  per  cent,  solution  of  acetic  acid. 

To  determine  the  Temperature  of  Coagulation. — Support  a  beaker 
by  a  ring  which  just  grips  it  at  the  rim.  Nearly  fill  the  beaker  with 
water,  and  slide  the  ring  on  the  stand  till  the  lower  part  of  the  beaker 
is  immersed  in  a  small  water-bath  (a  tin  can  will  do  quite  well).  In 
this  beaker  place  a  test-tube,  and  in  the  test-tube  a  thermometer, 
both  supported  by  rings  or  clamps  attached  to  the  same  stand.  Put 
into  the  test-tube  at  least  enough  of  the  albumin  solution  to  com- 
pletely cover  the  bulb  of  the  thermometer,  and  heat  the  bath,  stirrinj^ 
the  water  in  the  beaker  occasionally  with  a  feather  or  a  splinter  oi 
wood,  or  a  glass  rod,  the  end  of  which  is  guarded  with  a  piece  of 
indiarubber  tubing.  Note  the  temperature  at  which  the  solution 
becomes  turbid,  and  then  the  temperature  at  which  a  distinct 
coagulum  or  precipitate  is  formed.  Repeat  with  the  unacidtilatcd 
albumin  solution. 

ip)  A  similar  experiment  may  be  performed  with  serum-albumin 
obtained  as  on  p.  49. 

(6)  Globulins. — Use  serum-globulin  (p.  49),  or  myosinogcn  (p.  5<)<)). 
Fibrinogen  is  also  a  globulin,  but  cannot  easily  be  obtained  in 
quantity.     Verify  the  following  properties  of  globulins  : 

(o)  They  coagulate  on  heating. 

{^)  They  are  insoluble  in  distilled  water  (p.  49). 

(7)  They  are  precipitated  by  saturation  with  magnesium  sulphate 
or  sodium  chloride  (p.  49). 

They  give  the  general  proteid  tests  (i)  to  (7), 

{2)  Derived  Albumins  or  Albuminates — [a)  Acid-albumin. — To  a 
solution  of  egg-albumin  add  a  little  0*2  per  cent,  hydrochloric  acid, 
and  heat  to  about  body  temperature — say  40^  C. — for  a  few  minutes. 
Acid-albumin  is  formed.  It  can  be  produced  from  all  albumins  and 
globulins  by  the  action  of  dilute  acid.     Make  the  following  tests  : 

(a)  Add  to  a  portion  of  the  solution  in  a  test-tube  a  few  drops  of 
a  solution  of  litmus  ;  the  colour  becomes  red.  Now  add  drop  by 
drop  sodium  carbonate  or  dilute  sodium  hydrate  solution  till  the 
tint  just  begins  to  change  to  blue.     A  precipitate  of  acid-albumin  is 
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thrown  down.  Add  a  little  more  of  the  alkali,  and  the  precipita 
is  redissolved.  It  can  be  again  brought  down  by  neutralizii 
with  acid. 

(/3)  Heat  a  portion  of  the  solution  to  boiling  ;  no  precipitate 
formed. 

(7)  Add  strong  nitric  acid  ;  a  precipitate  appears,  which  dissolv 
on  heating,  and  the  liquid  becomes  yellow. 

(b)  Alkali-albumin. — To  a  solution  of  egg-albumin  add  a  lif 
sodium  hydrate,  and  heat  gently  for  a  few  minutes.  Alkali-album 
is  produced.  It  can  be  derived  by  similar  treatment  from  ai 
albumin  or  globuUn. 

(a)  Neutralize,  after  colouring  with  Utmus  solution,  by  the  additii 
of  dilute  hydrochloric  or  acetic  acid.  AlkaU-albumiu  is  precipitat 
when  neutraUzation  has  been  reached.  It  is  redissolvM  in  exec 
of  the  acid. 

(p)  To  another  portion  of  the  solution  of  alkali-albumin  add  a  f< 
drops  of  sodium  phosphate  solution,  then  Utmus,  and  then  dilute  ac 
till  the  alkaU-albumin  is  precipitated.  More  of  the  dilute  acid  shoi] 
now  be  required  to  precipitate  the  alkaU-albumin,  since  the  sodiv 
phosphate  must  first  be  changed  into  acid  sodium  phosphate. 

(7)  On  heating  the  solution  of  alkah-albumin  there  is  no  coagulatic 

(3)  Proteoses  (Albumoses). — For  preparation  and  reactions,  s 
p.  375.  They  differ  from  group  (i)  in  not  being  coagulated  ■ 
heat,  and  from  group  (2)  in  not  being  precipitated  by  neutralia 
tion.  They  are  soluble  (with  the  exception  of  hetero-albumos 
in  distilled  water,  and  are  not  precipitated  by  saturation  of  th< 
solutions  with  magnesium  sulphate  or  sodium  chloride.  Saturati 
with  ammonium  sulphate  precipitates  them.  With  a  solution 
commercial  '  peptone,'  which  consists  chiefly  of  albumoses,  a: 
contains  only  a  little  true  peptone,  perform  the  following  tests  : 

(a)  Boil  the  slightly  acidulated  solution  ;  there  is  no  coagulatic 

IP)  Biuret  reaction,  p.  4. 

(7)  To  a  portion  of  the  solution  add  its  own  volume  of  saturat 
ammonium  sulphate  solution.  The  primary  albumoses  (proto-  a: 
hetcro-albumosc)  are  precipitated.  Filter-  Add  a  drop  01  sulphu: 
acid  to  the  filtrate  and  saturate  it  with  ammonium  sulphate  crysta 
The  secondary  or  deutero- albumoses  are  precipitated.  Filter.  T 
filtrate  still  contains  peptones.     Use  it  for  (4). 

(4)  Peptones. — For  preparation  and  tests,  see  p.  375.  They  dif 
from  groups  (i)  and  (2)  in  the  same  way  as  albumoses,  and  th 
differ  from  albumoses  in  not  being  precipitated  by  amraonit 
sulphate.  On  the  filtrate  from  (3)  perform  the  biuret  test, 
described  in  (6),  p.  5  ;  and  note  that  the  pink  colour  is  the  same 
that  given  by  albumoses. 

(5)  Coagulated  Proteids.— These  are  divided  into  two  classes  : 
(a)  Proteids  coagulated  by  heat,  such  as  boiled  white  of  egg. 
{b)  Proteids  whose  coagulation  is  determined  by  the  action 

ferments.  Of  these,  fibrin  is  a  type.  Both  classes  give  such  of  t 
general  proteid  tests,  (i),  {2),  (3),  p.  4,  as  with  suitable  modifi< 
tions  can  be  instituted  on  solid  substances.  Thus,  in  performi 
(2),  a  flake  of  fibrin  or  a  small  piece  of  the  boiled  egg-white  shot 
be  soaked  for  a  few  minutes  in  a  dilute  solution  of  cupric  sulpha 
Then  the  excess  of  the  cupric  sulphate  should  be  poured  off,  a: 
sodium  hydrate  added,  when  the  coagulated  proteid  will  becoi 
violet.  Heat-coagulated  proteids  are  insoluble  in  water,  weak  aci 
and  alkahes,  and  saline  solutions ;  fibrin  is  sUghtly  soluble  in  the  latt 
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Carbo-hydrates. 


1.  Glucose  or  Dextrose. — Make  a  solution  of  dextrose  ia  water, 
and  apply  to  it  Trommer's  test  for  reducing  sugar.  Put  some  of 
the  dextrose  solution  in  a  test-tube,  then  a  few  drops  of  cupric 
sulphate,  and  then  excess  of  sodium  or  potassium  hydrate.  The 
blue  precipitate  of  cupric  hydrate  which  is  first  thrown  down  is 
immediately  dissolved  in  the  presence  of  dextrose  and  many  other 
organic  sul^tances.  Now  boil  the  blue  liquid,  and  a  yellow  or  red 
precipitate  (cuprous  hydrate  or  oxide)  is  formed. 

2.  Cane-sugar. — Perform  Trommer's  test  with  a  sample  of  a  solu- 
tion. A  blue  liquid  is  obtained,  which  is  not  changed  on  boiling. 
Now  put  the  rest  of  the  solution  in  a  flask.  Add  :^th  of  its  bulk  of 
strong  hydrochloric  acid,  and  boil  for  a  quarter  of  an  hour.  Again 
perform  Trommer's  test.  Remember  that  excess  of  alkali  must  be 
present  after  the  acid  is  neutralized.  The  test  now  shows  much 
reducing  sugar.  The  cane-sugar  has  been  '  inverted,'  i.e.,  changed 
into  a  mixture  of  dextrose  and  levulose. 

3.  Starch. — (i)  Cut  a  sUce  from  a  well -washed  potato;  take  a 
scraping  from  it  with  a  knife,  and  examine  with  the  microscope. 
Note  the  starch  granules  with  their  concentric  markings,  using  a 
small  diaphragm.  Run  a  drop  of  dilute  iodine  solution  under  the 
cover-slip,  and  observe  that  the  granules  become  bluish.  Examine 
also  with  a  polarization  microscope.  (2)  Rub  up  a  little  starch  in  a 
mortar  with  cold  water,  then  add  boiling  water  and  stir  thoroughly. 
Decant  into  a  capsule  or  beaker,  and  boil  for  a  few  minutes.  After 
the  liquid  has  cooled,  perform  the  following  experiments  : 

(a)  Add  a  few  drops  of  iodine  solution  to  a  little  of  the  thin  starch 
mucilage  in  a  test-tube.  A  blue  colour  is  produced,  which  disappears 
on  heating,  returns  on  cooling,  is  bleached  by  the  addition  of  a  little 
sodium  hydrate,  and  restored  by  dilute  acid. 

(6)  Test  the  starch  solution  for  reducing  sugar  by  Trommer's 
test.  If  none  is  found,  boil  some  of  the  mucilage  with  a  little 
dilute  sulphuric  acid  in  a  flask  for  twenty  minutes,  and  again 
perform  Trommer's  test.  Abundance  of  reducing  sugar  will  now  be 
present. 

4.  Dextrin. — -Dissolve  some  dextrin  in  boiling  water.  Cool.  Add 
iodine  solution  to  a  portion  ;  a  reddish-brown  (port-wine)  colour 
results,  which  disappears  on  heating.  As  a  control,  the  same  amount 
of  iodine  should  be  added  to  an  equal  quantity  of  water  in  another 
test-tube.  The  colour  returns  on  cooUng.  The  colour  is  also 
bleached  by  alkali,  restored  by  acid.  Excess  of  iodine  should  be 
added  for  the  bleaching  experiment  {i.e.,  more  than  enough  to  give 
the  maximum  depth  of  tint).  If  too  little  iodine  has  been  added 
there  may  be  no  restoration  of  the  colour  by  the  acid.  The  addition 
of  a  little  more  iodine  to  the  acid  solution  will  then  cause  the  port- 
wine  colour  to  return,  and  this  may  be  again  bleached  by  alkali,  and 
will  now  be  restored  by  acid. 

5.  Glycogen. — See  p.  528. 

Fats. 

I.  Take  a  Uttle  lard  or  olive-oil,  and  observe  that  fat  is  soluble 
in  ether  or  warm  alcohol,  but  not  in  water.  Put  a  drop  of  tlie 
ethereal  solution  of  fat  on  a  piece  of  paper,  and  note  that  it  leaves 
a  greasy  stain. 
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2.  Put  a  little  alcohol  ia  a  test-tube,  and  then  a  drop  of  pher 
phthalein   solution  and  a  drop  or  two  of   dilute  sodium   hydr 
to  give  the  solution  a  red  colour.     Add  a  few  drops  of  an  cthet 
solution  of  the  lard  or  olive-oil.     If  the  red  colour  persists  the 
is  neutral ;  if  it  disap]>ears  the  fat  contains  free  fiitty  acids. 

3.  Saponification. — Melt  some  lard  in  a  pfircelain  dish,  and  p* 
it  into  an  alcoholic  solution  of  potassium  hydrate  previously  hea* 
on  a  water-bath  nearly  to  boiling.  Mix  well,  and  keep  the  niixt 
gently  boiling  on  the  bath  till  saponification  is  complete.  T 
only  takes  a  short  time.  Remove  a  little  of  the  soap  solution,  a 
drop  it  into  distilled  water  in  a  test-tube,  li  unsapouified  fat 
present  it  will  rise  to  the  top  as  drops  of  oil.  In  this  case  boili 
should  be  continued.  If  all  the  fat  has  been  saponified  the  so 
solution  will  mix  with  the  water  and  no  oil  drnjis  will  separate. 

4.  Fatty  Acids. — Heat  some  20  per  cent,  sulphuric  acid  in  a  sm 
flask  nearly  to  boiling,  and  drop  into  it  some  of  the  soap  obtair 
in  3.  The  fatty  acids  separate  out  and  rise  to  the  top  r.s  an  o 
layer.  Cool,  skim  off  the  fatty  acid,  and  wash  it  with  distill 
water  till  the  wash-water  is  no  longer  acid. 

{a)  Dissolve  a  little  of  the  washed  fatty  acid  in  ether.      Add  a  f< 
drops  of  an  alkaline  solution  of  phenolphthalcin  to  a  few  c.c. 
water  in  a  test-tube-     Drop  into  this  the  ethereal  solution  of  fat 
acid.     The  red  colour  is  discharged. 

{h}  Add  to  «i  portion  of  the  fatt\'  acid  some  sodium  hydrs 
solution,  and  warm.  Sodium  soap  is  formed.  .\dd  warm  wal 
and  shake  up.  A  lather  is  produced.  Keep  the  soap  soluti 
for  6.      Keep  a  httle  of  the  fatty  acid  for  5  ih)  and  6  (6). 

5.  Gtycetive, — {a)  Add  to  a  little  glycerine  in  a  dry  test-tube 
few  crystals  of  potassium  bisulphate  ( KHSO4),  and  heat  over  the  fr 
tlame.  Acrolein  is  given  off,  which  is  recognised  by  its  punge 
odour. 

{b)  Rei>cat  this  test  with  lard,  and  with  a  portion  of  the  fat 
acid  from  4.  Acrolein  will  be  jjivcn  oil  by  the  lard  l>ecau 
glycerine  is  contained  in  neutral  fal.  but  not  by  the  fatty  acid  if 
has  been  properlv  separated  from  the  glycerine. 

6.  Emu/si fication.  —  {a)  Take  three  test-tubes  and  label  them 
B,  and  C.      l*ut  a  few  c.c.  of  water  in  A,  a  solution  of  soap  in 
and  a  dilute  solution  of  sodium  carbonate  or  sodium  liydrate  in 
To  each  add  a  few  drops  of  fresh  olive-oil  and  shake.      An  cmulsi< 
will  be  formed  in   B,  but  not  in  A.      Probably  there  will  be  son 
emulsification  in  C  also,  owin^  to  the  presence  in  the  oil  of  son 
fatty  acid,  wliich  forms  soai>  with  the  alkali.     But  if  the  oil  is  fn 
from  fatty  acid  no  emulsion  will  be  formed. 

{b)  Rejxjat  (a)  with  rancid  olive-oil,  which  contains  much  fati 
acid,  or  with  fresh  olive-oil  to  which  some  of  the  fatty  acid  obtainc 
in  4  has  been  added.  A  good  emulsion  will  be  produced  in  C  i 
well  as  in  B. 

7.  Meltittg-point  of  Fat,— Put  into  a  ver>*  small  teat-tube  son 
finely  divided  mutton  fat,  freed  as  far  as  possible  from  connecti> 
tissue,  l-'astcn  the  test-tube  on  to  the  bulb  of  a  thermometer  wil 
a  rubber  band,  and  immerse  the  thermometer  and  lube  in  a  beakt 
filled  with  water  and  standing  on  h  water-bath  which  is  graduall 
healed,  observe  the  temf>eratvire  at  which  the  fat  melts.  Kepet 
tlic  experiment  with  hog's  bird  and  dog's  fat. 
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SCHEME  FOR  TESTING  A  SOLUTION  FOR  THE  MORE 
COMMON  PROTEIDS  AND  CARBO-HYDRATES. 

1.  Note  the  reaction,  and  whether  the  liquid  is  coloured  or  colourless, 
clear  or  opalescent.  A  reddish  colour  suggest  blood  ;  opalescence  suggests 
glycogen  or  starch.  Try  one  or  more  of  the  general  proteid  tests  {e.g., 
the  xantho-proteic  or  biuret).  If  the  result  is  positive,  proceed  as  in  2  ; 
if  negative,  pass  to  3. 

2.  Test  for  Proteids. — (i)  If  the  reaction  is  acid  or  alkaline,  neutraUze 
with  very  dilute  sodium  carbonate  or  sulphuric  acid.  A  precipitate  = 
acid-  or  alkali-albumin,  according  as  the  original  reaction  is  acid  or 
alkaline.  If  the  original  reaction  is  neutral,  no  acid-  or  alkaU-albumin  can 
be  present  in  solution.     Filter  off  the  precipitate,  if  any. 

(2)  Boil  some  of  the  filtrate  from  (i)  (or  of  the  original  solution  if  it  is 
neutral),  acidulating  sUghtly  with  dilute  acetic  acid.  A  precipitate  = 
albumin  or  g^lobulin.     Filter,  and  keep  the  filtrate. 

(3)  If  a  precipitate  has  been  obtamed  in  (2),  (a)  saturate  some  of  the 
original  solution  with  magnesium  sulphate,  or  half  saturate  it  with  ammo- 
nium sulphate  (i.e..  add  to  it  an  equal  volume  of  saturated  ammonium 
sulphate  solution).  If  there  is  no  precipitate,  globulin  is  absent,  and 
therefore  the  precipitate  obtained  in  (2)  must  be  albumin.  A  precipitate  ~ 
g^lobuiin.  But  albumin  may  also  be  present  in  the  solution.  To  see 
whether  this  is  so,  filter  off  the  globulin  and  boil  the  filtrate  after  acidulation 
with  acetic  acid.     A  precipitate = albumin. 

(6)  Half  saturate  the  filtrate  from  (2)  with  ammonium  sulphate  (i.e.,  add 
its  own  volume  of  a  saturated  solution  of  the  salt).  A  precipitate  = 
primary  proteoses.     Filter. 

(c)  Saturate  the  filtrate  from  (h)  with  ammonium  sulphate  crystals.  A 
precipitate  ~  secondanr  proteoi»cs.     F  ilter. 

(d)  To  the  filtrate  from  (c)  add  excess  of  solid  sodium  hydrate  in  small 
pieces  at  a  time.  Much  ammonia  is  given  off.  Allow  the  test-tube  to 
stand  fifteen  minutes,  shaking  it  at  intervals.  Then  add  dilute  cupric 
sulphate,  and  if  much  of  the  sodium  sulphate  formed  remains  undissolved, 
add  water  to  dissolve  it.     A  well-marked  rose  colour  =  peptone. 

(4)  If  no  precipitate  has  been  obtained  in  {2),  the  solution  contains 
neither  albumin  nor  globulin.  To  test  whether  primary  or  secondary 
proteose  or  peptone  is  present  apply  (3)  (b),  {c).  and  {d). 

3.  Test  for  Carbo-hydrates. — Use  the  original  solution,  freed  from 
coagulable  proteids,  if  such  have  been  found,  by  acidulation  and  boiling. 

(i)  Add  iodine.  If  the  solution  is  alkaline  neutralize  it  before  adding 
the  iodine.  A  blue  cohut  ^  starch.  Confirm  by  boiling  with  dilute  sul- 
phuric acid  and  testing  for  reducing  sugar.  A  reddistt-brouni  colour  with 
iodine —  glycogen  or  dextrin. 

Glycogen  gives  an  opalescent,  dextrin  a  clear,  solution.  Glycogen  is 
precipitated  by  basic  lead  acetate,  dextrin  is  not  (p.  528).  Both  are  changed 
into  reducing  sugar  by  boiUng  with  dilute  acid. 

(2)  Add  to  some  of  the  original  solution  cupric  sulphate  and  excess  of 
sodium  hydrate,  and  boil.     Yellow  or  red  precipitate  =  reducing^  sugar. 

(3)  If  (1)  and  (2)  are  negative,  boil  some  of  the  liquid  with  one-twentieth 
of  its  volume  of  strong  hydrochloric  acid  for  fifteen  minutes,  and  test  as 
in  (2).  A  red  or  yellow  precipitate  shows  that  cane-sugar  was  originally 
present,  and  has  been  inverted. 


CHAPTER  1 

THE  CIRCULATING  LIQUIDS  OF  THE  BODY 

In  the  living  cells  of  the  animal  body  chemical  changes 
constantly  going  on  ;  energy,  on  the  whole,  is  running  do^ 
complex  substances  are  being  broken  up  into  simpler  comb: 
tions.  So  long  as  life  lasts,  food  must  be  brought  to  the  tiss' 
and  waste  products  carried  away  from  them.  In  lowly  fo 
like  the  amoeba  these  functions  are  performed  by  intercha 
at  the  surface  of  the  animal  without  any  special  mechanis 
but  in  all  complex  organisms  they  are  the  business  of  spe 
liquids,  which  circulate  in  finely  branching  channels,  and 
brought  into  close  relation  at  various  parts  of  their  course  v 
absorbing  organs,  with  eliminating  organs,  and  with  the  tis 
elements  in  general. 

In  the  higher  animals  three  circulating  liquids  have  b 
distinguished  :  blood,  lymph,  and  chyle.  But  it  is  to  be 
marked  that  chyle  is  only  lymph  derived  from  the  walls  of 
alimentary  canal,  and  therefore,  during  digestion,  contain 
certain  freshly- absorbed  constituents  of  the  food  ;  while  b 
ordinary  lymph  and  chyle  ultimately  find  their  way  into 
blood,  and  are  in  their  turn  recruited  from  it.  The  bl< 
contains  at  one  time  or  another  everything  which  is  about 
Ijecome  part  of  the  tissues,  and  everything  which  has  ceased 
belong  to  them.  It  is  at  once  the  scavenger  and  the  fo 
provider  of  the  cell.  But  no  bloodvessel  enters  any  cell  ;*  i 
if  we  could  unravel  the  complex  mass  of  tissue  elements  wh 
essentially  constitute  what  we  call  an  organ,  we  should  se< 
sheet  of  cells,  with  capillaries  in  very  close  relation  to  them,  1 
everywhere  separated  from  them  by  a  thin  layer  of  lymj 
And  to  describe  in  a  word  the  circulation  of  the  food  substan 
we  may  say  that  the  blood  feeds  the  lymph^  and  the  lymph  fe* 
the  cell. 

•  Fine  intracellular  canaliculi,  communicating  with  the  blood  capillai 
and  i)erha|)s  performing  a  nutritive  function,  have  been  described 
Schiifer  and  others  in  the  liver  cells. 
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Morphology  of  the  Blood. 

Thr  blood  consists  e^sst-ntially  ol  a  liquid  part,  the  plasma, 
in  which  are  suspended  cellular  elements,  the  corpuscles.  When 
the  circiiLition  in  a  irog's  web  or  \\in^  or  in  the  tail  of  a  tadjiole 
h  examined  under  the  microscoi»c,  the  bloodvessels  are  seen  to 
be  crowded  with  oval  bodies — ol  a  yellowish  tinge  in  a  thin 
layer,  bin  in  thick  layers  crimson — which  move  with  varying 
ity.  now  in  single  file,  now  jostling  each  other  two  or  three 
«i<.v.4st.  as  they  are  borne  along  in  the  axis  of  an  apparently 
«CAnty  stream  of  transjiarent  Hquid.  Nearer  the  walls  of  the 
vessels,  sometimes  clinging  to  them  for  a  little  and  then  being 
washed  away  again,  may  be  seen,  especially  as  the  blood-flow 
slackens,  a  lew  comparatively  small,  ruund,  colourless  cells. 
The  ovil  bodies  are  the  red  or  coloured  corpuscles  or  erythro- 
cytes ;  the  colourless  elements  are  the  white  blood-corpuscles 
or  leucocytes  ;  the  liquid  in  which  they  float  is  the  plasma 
(Practical  Exercises,  p.  4). 

The  Red  Blood-corpuscles,  or  Erythrocytes,  differ  in  shajx; 
And  si/o  and  in  otlu-r  resi)ects  in  different  animal  groups.  In 
amphibians,  such  as  the  frog  and  the  newt,  they  are  flattened 
cDipsoids  containing  a 
I  nucleus,  and  the  same  is 
^vtrue  of  nearly  all  the 
^^ithcr  vertebrates,  except 
P  mamm*^*  In  mammals 
I  they  arc  discs,  hoUowcd 
out  on  both  the  flat  sur- 
faces, or  biconcave,  and 
po<s<rss  n<»  nucleus.  But 
the  red  corpuscles  of  the 
llaTTta  and  tlie  camel, 
non- nucleated, 
^  -,..,  _->idal  in  sliajK-  like  those  of  the  lower  vertebrates.  As 
III  size,  the  average  diametei  in  man  is  l)etween  7  and  8  ^.* 
In  the  h-og  the  long  diameter  is  alwut  22  ^,  while  in  Proteus  it 
K  as  much  as  60  /i,  and  in  Amphiuma,  the  cori>usclrs  of  which 
n  be  seen  with  the  naked  eye,  nearly  80  u  (Plate  I.,  1). 
\s  rrgards  the  structure  of  the  red  corpuscles,  the  most  prob- 
e  view  is  that  Ihey  are  solid  bodies,  with  a  spongy  and  elastic 
uttuxeicss  framework,  denser  at  the  surface  of  the  corpuscle 
in  lis  centre,  but  continuous  throughout  its  whole  moss 
ett).  The  denser  ])eriplieral  layer  constitutes  a  physio- 
lofjical  cnvrlojx*  which  |)eimits  the  pass^ige  of  certain  substances 
into  or  out  of  the  c«i|mscles.  and  hinders  the  passage  of  others, 
•  A  nucro-miUimrUt'.  rqiTi-sciUcd  by  symltol  n.  i«*  ,■'«»  raiUlmetre. 


Fir..    I.— PUOKAM    SHOWING  RELATIVE   Sub   or 

RfiD  Conri'&cLts  or  Vakious  Akimals. 
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Envelope  and  spongework  are  sometimes  spoken  of  as  the 
stroma  of  the  corpuscle,  in  contradistinction  to  its  most  impor- 
tant constituent,  a  highly  complex  pigment,  the  ha;moglobin, 
which,  not  in  solution  as  such,  but  either  in  solution  as  a  com- 
pound with  some  other  unknown  substance,  or  bound  in  some 
solid  or  semi-solid  combination  to  the  stroma,  fills  up  the  whole 
space  within  the  envclop^i  and  all  the  interstices  of  the  sponge- 
work.  To  the  physical  proi>erties  of  the  stroma  it  is  usual  to 
attribute  the  great  elasticity  of  the  corpuscles — that  is,  the 
power  of  recovering  their  original  sha|K'  after  distortion — for 
their  elasticity  is  no  wise  impaired  by  the  removal  of  the  bjemo- 
globin. 

When  blood  with  disc-shajied  corpuscles  is  shed,  there  is  a 
great  tendency  for  the  corpuscles  to  run  together  into  groups 
rcsrmblinf^  rouleaux^  or  piles  of  coin.  No  satisfactory  explana- 
tion of  this  curious  fact  has  yet  been  given. 

Crenation  of  the  corpuscles,  a  condition  in  which  tliey  become 
studded  with  fine  projections,  is  caused  by  the  addition  of 
moderately  strong  salt  solution,  by  the  passage  of  shocks  of 
electricity  at  high  iwtential,  as  from  a  Leyden  jar,  or  by  simple 
exposure  to  the  air.  Concentrated  saline  solutions,  which 
abstract  water  from  the  corpuscles  and  cause  them  to  shrink, 
make  the  colour  of  blood  a  brighter  red,  because  more  light  is 
now  reflected  from  the  crumpled  surfaces.  On  the  other  liand, 
the  addition  of  water  renders  the  corpuscles  spherical  ;  more 
of  the  light  ]>asses  through  them,  less  is  reflected,  and  the  colour 
becomes  dark  crimson  {Plate  I.) 

The  White  Blood-corpuscles,  or  Leucocytes. — The  red  cor- 
puscles are  jxrculiar  to  blood.  The  white  corjmscles  may  be 
looked  upon  as  peripatetic  portions  of  the  mesoblast  (see 
Chap.  XIV.),  and  some  of  them  ought  not  in  strictness  to  be 
called  blood-corpuscles.  They  are  more  truly  body  corpuscles. 
Similar  cells  are  found  in  many  situations,  and  winder  every- 
where in  the  spaces  of  the  connective  tissue.  They  pass  into 
the  bloodvessels  with  the  lymph,  and  may  pass  out  of  them  again 
in  virtue  of  their  amtt-boid  power.  They  consist  of  protoplasm, 
less  differentiated  than  tliat  of  any  other  cells  in  the  body,  and 
under  the  microsco[)e  appear  as  granular,  colourless,  transparent 
bodies,  spherical  in  (oini  wlien  at  rest,  and  containing  a  nucleus, 
often  tri-  or  mulli-lobed.  Many  of  the  leucocytes  of  frog's  blood 
at  the  ordinary  temi>erature,  and  of  mammalian  blood  when 
artilicially  heated  on  the  warm  stage,  may  Ik?  seen  to  undergo 
slow  changes  of  form.  Processes  called  pseudopodia  are  pushed 
out  at  one  portion  of  the  surface,  retracted  at  another,  and  thus 
the  corpuscle  gradually  moves  or  '  flows '  from  place  to  place, 
and  envelops  or  eats  up  substances,  such  as  grains  of  carmine, 
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which  come  in  its  way.  This  kind  of  motion  was  first  observed 
in  the  amoeba,  and  is  therefore  called  amoeboid.  The  leucocytes 
of  human  blood  are  not  all  of  the  same  size,  and  differ  also  in 
other  respects.  They  may  be  classified  according  to  the  presence 
or  absence  of  granules  in  their  protoplasm,  and  the  fineness  or 
coarseness  of  the  granules ;  according  to  the  chemical  nature 
of  the  dyes  with  which  the  granules  most  readily  stain,  and 
according  to  the  form  of  the  nucleus.  Five  varieties  of  leuco- 
cytes may  thus  be  distinguished  in  normal  blood  (Plate  I.)  : 

I.  Polymorphonuclear  Neutrophile  Cells. — ^The  nucleus  assumes 
a  great  variety  of  forms,  often  contorted  or  deeply  lobed,  the 
lobes  being  imited  by  fine  strands  of  chromatin.  The  proto- 
plasm contains  numerous  fine  refractive  granules,  which  stain 
best  neither  with  simple  acid  dyes  like  eosin  nor  with  simple 
basic  dyes  like  methylene  blue,  but  with  mixtures  which  must 


Fig.  2. — Am<eboid  Movement. 
A,  B,  C,  D,  successive  changes  in  the  form  of  an  amoeba. 

be  assumed  to  contain  '  neutral '  stains,  like  Ehrlich's  so-called 
triacid  stain.*  These  cells  make  up  65  to  75  per  cent,  of  the 
total  number  of  leucocytes.     Their  diameter  is  10  to  12  yt*. 

2.  Eosinophile  Cells  (12  to  15  ^  in  diameter),  much  less 
numerous  in  normal  blood  than  the  neutrophiles  (less  than 
5  per  cent,  of  the  whole),  but  found  in  considerable  numbers 
in  the  serous  cavities,  the  connective  tissue,  and  the  bone- 
marrow.  The  granules  in  the  protoplasm  are  coarser  than  the 
neutrophile  granules,  and  stain  much  more  deeply  with  eosin. 
The  nucleus  may  be  simple,  lobed,  or  even  divided  into  frag- 
ments between  which  no  connection  can  be  traced.  It  is  less 
rich  in  chromatin,  and  stains  less  easily  with  basic  dyes,  like 
methylene  blue,  than  the  nucleus  of  the  first  variety. 

3.  Hyaline  Cells,  or  Large  Mononuclear  Leucocytes^  with  a 
diameter  of  12  to  15  /*.  They  possess  a  large  simple  nucleus, 
poor  in  chromatin,  surrounded  by  a  relatively  great  amount  of 

*  A  mixture  of  orange  G.,  acid  fuchsin,  and  methyl  green. 
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protoplasm,   with  no  evident   frranules.     They  constitute  3  to 
5  per  cent,  of  t!ie  total  numbtr  o(  li^ucocytes. 

4.  Lymphocytes. — Smaller  cells  limn  any  of  the  preceding 
(diiimeler  6  /i),  ])oss<.*ssin^  a  siiif<U-  hirge  nucleus,  surroundetl  by 
a  comparatively  sm.dl  anmunt  «>(  pn>toplasm  :  20  to  25  per  cent, 
of  the  leucocytes  of  the  blixwl  belong  to  this  group. 

5.  *  A/as/  Cells'  the  least  niunerous  variety  (05  per  cent,  of 
the  total  number).  They  are  somewhat  smaller  than  the  neutro- 
philes  (average  diameler  al>()ut  lo  fi).  Tlic  nucleiLs  is  irregularly 
Irilobed.  The  j^rotoplasm  shows  coarse  granules,  which  do 
not  glitter  like  the  granules  of  the  eosinophile  cells,  and  are 
therefore  less  consiiicuous  in  the  unstained  condition.  Unlike 
the  eosinophile  granules,  they  stain  with  basic  dyes,  such  as 
methylene  blue. 

Blood-plates. — When  blood  is  examined  immediately  after 
bein^'  shed,  >mall  coluurless  bodies  (i  to  3  ^  in  diameter)  of  » 
various  shaiios,  but  usually  round  f>r  oval,  may  be  seen.  These  ^B 
are  the  blood-plates  or  platelets.  They  can  be  collected  by  ™ 
placing  a  drop  of  blood  on  a  smooth  and  clean  piece  of  paraffin, 
and  keejiing  it  in  a  moist  chamber.  Clotting  is  long  delayed, 
and  the  white  and  coloured  corpuscles  sink  to  the  bottom,  while 
the  jilatelets  rise  to  the  top  of  the  drop,  from  which  they  can  be 
removed  by  a  cover-slip.  Tliey  can  be  best  studied  when  the 
blood  is  mixed  directly  with  some  fixing  solution,  such  as 
Hayem's  solution  (sodium  chloride,  i  grm.  ;  sodium  sulphate^ 
5  grm.  ;  mercuric  chloride,  0*5  grm.  ;  water,  200  grm.),  or  osmic 
acid.  Tiiey  can  even,  like  leucocytes,  l>e  kept  alive  on  the 
warm  stage  in  an  aj>pio]>riate  medium  (agar,  to  which  certain 
salts  have  been  added},  and  then  show  lively  amwboid  move- 
ments (Deetjen).  While  some  obser\'ers  believe  that  they 
represent  the  remains  of  the  nuclei  of  the  erytliroblasts,  it  is 
more  probable  that  they  are  independent  elements.  They  have 
even  been  described  as  nucleated  cells,  although  the  nucleus  is 
not  easy  to  stain.  They  are  not  prodiiced  by  the  breaking  up 
of  other  elements  of  the  shed  l4ood,  for  they  have  been  observed 
within  the  freshly-excised,  and  therefore  still  living,  capillaries — ^i 
in  the  mesentery  of  the  guiiiea-|)ig  and  rat  (Osier). 

Enumeration  of  the  Blood-corpuscles. — This  is  done  by 
taking  a  measured  quantity  of  blood,  diluting  it  to  a  known  extent 
with  a  liquid  which  does  not  destroy  the  corpascles,  and  counting 
the  number  in  a  given  volume  of  the  diluted  blood  (p.  50). 

The  average  number  of  red  corpuscles  in  a  cubic  millimetre 
of  blood  is  about  5,000,000  in  a  healthy  man.  and  about  4,500,000 
in  a  healthy  woman,  but  a  variation  of  1,000,000  up  or  down 
can  hardly  be  considered  abnormal.  In  persons  suffering  from 
profound  aniemia  the  number  may  sink  to  1.000,000  per  cubic 
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millimetre,  or  even  less,  while  in 
inhabitants  of  hi^h  plateaus  or  mou 
or  even  more.     In  the  latter  insta 
in  the  rarelied  air  is  siiffirient  to 
a  subsequent  residence  of  a  (ortnigl 
The  number  of  white  blood-corp 
10,000  per  cubic  millimetre  of  bloc 
500    red    bloo<l-cori>uscles.     Rut    1 
digestion  is  relatively  inactive,  foi 
it  gives  no  more  than  7.000  to  tb 
^  Iwm   children    the   average   numb 
^B  millimetre.      In   leuL-emia  the  nu 
^^  enormously  increased — it  may  be 
p>er  cubic  millimetre — while  at   tli 
the  red  corpuscles  is  diminished  ; 
may  approach   1^4.     An  increas 
certain  infective  diseases  as  jxirt 
o(    the    inflammatory    reaction. 
There    are     also     physiological 
variations,    even     within     short 
periods  of   time ;    for   example. 
the  number  of  lymphocytes  is  in- 
creased when  digestion  isgoing  on. 
The   normal   number  of  blood- 
^m  plates  varies  from  a  quarter  to  half 
^H-a  million  to  the  cubic  millimetre. 
^Vbut    may  be  greater  in   disease 
^V  and  at  high  levels  (Kemp). 
f           Life -history    of    the    Cor- 
^^  puscles. — The  corpuscles  of  the 
^P  blood,  like  the  body  itself,  fulfil 
^^  the   allotted   round  of   life,  and 
[        then  die.     They  arise,  perform  the 
^■disappear.     But  although  the   plat 
^B  the  seat  nf  their  destruction  or  d 
^B  of  their  life,  have  been  the  subject  0 
^"  active  discussion  for  many  years,  r 
r           In  the  embryo  the  red  corpusck 
^Bjnals)  which  have  non-nucleated  cc 
^V  first  possessed  ol  nuclei,  and  appr 
F       In  the  human  fcetus,  at  the  fourth 

1              •  In  113  apparently  healthy  !*tmlent3 
1         corpuscles  was  5.  loo.txjo  per  cubic  millim 
^^H  rkOged  Irom  4,coo,ooo  to  6,400,000  ;  in 
^^hnm  4.400.000  to  5.500,000  :  in  3.  from 
^"^6,500.000  to  7.000,000.     In  one  obscr\at 
f        In  the  newtx>rn  child  the  average  is  over 
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new-I>orn  children  and  in  th< 
ntains  it  may  rise  to  7,000.000 
nee  a  rcsi<lence  of  a  fortnigh 
bring  about  the  increase,  anc 
it  in  the  lowlands  to  annul  it.^ 
uscles  is  on  the  average  abou 
^d,  or  one  leucocyte  for  everj 
f    the    count    is   made    whcr 
ir  to  five  hours  after  a  meal 
le  cubic  millimetre.     In  new 
er  is  over   18,000  jier  cubic 
mber  of  white  corpuscles  ii 
in  extreme  cases  to  500,00c 
le  same   time   the  number  0 
and  the  ratio  of  white  to  rer 
e  has  also  been  observed  ir 

Fig.      3. —Curve      showing      t.'B 

NtTMBKR      OF        RkD       COHPt'SCLK! 
AT         DlPFEREKT        AOKS        (APTEH 

S5r£xsen's  Estivations). 

Tbv   fiKuces   oIodk   Ibe   horixnnta 
axis   arc   i-cars  of  age.  those    aUmn 
the    vprtiral    axis    iiiilUons    uf    ror 
piiscJc*  per  r.iibir  mMlirni-lrf  ol  hKKKl. 

ir  functions  for  a  time,  and 
:e  and  mode  of  their  origin, 
ecay,  and  the  average  length 
f  active  research  and  still  more 
nuch  yet  remains  unsettled. 
>s,  even  of  those  forms  (mam- 
jrpuscles  in  adult  life,  are  at 
oximately  spherical  in  form. 
I  week  all  the  red  corpuscles 

(male)  the  average  number  of  red 
etre.     In  104  of  these,  the  number 
71  (or  6i  |>er  cent,  of  the  whole), 
3.500.006  to  3.000,000  :  in  5.  from 
Ion  the  number  reached  7,300.000. 
6,000.000, 
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are  nucleated.  Later  on  the  nucleated  corpuscles  gradually 
diminish  in  number,  and  at  birth  they  have  almost  or  altogether 
disappeared,  some  of  them,  at  least,  having  been  converted  by 
a  shrivelling  of  the  nucleus  into  the  ordinary  non-nucleated 
form.  In  the  newly-bom  rat,  which  comes  into  the  world  in 
a  comparatively  immature  state,  many  of  the  red  corpuscles 
may  bo  seen  to  be  still  nucleated.  The  first  corpuscles  formed 
in  embryonic  life  are  developed  outside  of  the  embryo  altogether. 
Even  before  the  heart  has  as  yet  begun  to  beat,  certain  cells  of 
the  mesoblast  (see  Chap.  XIV.)  in  a  zone  (*  vascular  area  *) 
around  thr  ^nwin^  embryo  begin  to  sprout  into  long,  anasto- 
mosing jirocesses,  which  after- 
wards become  hollowed  out  to 
form  rapiHary  bloodvessels.  At 
the  same  time  clmnps  of  nuclei, 
formed  hy  division  of  the  original 
nuclei  uf  the  cells,  gather  at  the 
nodes  of  the  network.  Around 
eacli  nucleus  clings  a  little  lump 
of  protoplasm,  which  soon  de- 
velops ha;moglobin  in  its  sub- 
stance ;  and  the  new-made  cor- 
puscles float  away  within  the 
new-made  vessels.  In  later  em- 
bryonic life  the  nucleated  cor- 
puscles seem  in  part  to  be  de- 
veloped within  the  bloodvessels 
in  the  liver,  allantois,  spleen,  and 
red  bone-marrow,  and  in  certain 
localities  in  the  connective  tissue^ 
by  mitotic  division  of  previously 
existing  nucleated  corpuscles,  in 
part  to  be  formed  endogenously  within  special  cells  in  the  liver 
and  perhaps  othei"  organs. 

In  the  mammal  in  extra-uterine  life  the  chief  seat  of 
formation  of  the  red  blood-corpuscJes  is  the  red  marrow  of  the 
bones  of  the  skull  and  trunk,  and  of  the  ends  of  the  long  bones 
of  Ihe  limbs.  Special  nucleated  cells  in  the  marrow,  originally 
colourless,  multiply  by  karyokinesis  or  indirect  division,  take 
up  haemoglobin  or  form  it  within  their  protoplasm,  and  are 
transformed  by  various  stages  into  the  ordinary  non-nucleated 
red  corpuscles,  which  are  washed  away  in  the  blood-stream. 
These  blood-forming  cells  have  received  the  name  of  erythro- 
blasts  or  hjematoblasts.  According  to  another  view,  the  erythro- 
blasts  are  never  colourless,  but  always  contain  haemoglobin. 
After  haimorrhage  rapid  regeneration  of   the  blood  takes  place. 


I 


Fig.  4. — Curve  showing  Hropoh- 
TiON  OF  Whitk  Corpuscles  to 
Rbo  at  Uiffbrhkt  Times  of  the 
Dav    (after     the     Results     of 

Hl»T). 

At  1  the  morning  meal  was  taken  ; 
at  II  the  mid-day  meal  J  at  III  the 
evcoing  meal-  During  active  diges- 
tion the  number  of  lymphocytes  in 
the  blood  is  greatly  increased,  both 
absolutely  and  relatively  to  the 
number  of  the  other  leucocytes. 
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that  in  a  few  weeks  the  loss  of  even  as  much  as  a  third  of 
^e  total   blood  is  made  good.     The  plasma  is  much  sooner 
tored  to  its  normal  amount  than  the  corpuscles.     Microscopical 
mination  shows  in  thp  red  marrow  the  tokens   of    increased 
action    of    coloured    corpuscles.     Other   organs    also,    par- 
larly  the  spleen,  may,  in  such  emergencies,  take  on  a  blood- 
forming  function. 

A  constant  destruction  of  red  blood-corpuscles  must  go  on, 
tor  the  bile-pigment  and  the  pi^'ments  of  the  urine  are  derived 
fmni  blo'xl-pigment.  The  bile-pigmcnt  is  formed  in  the  liver. 
It  contains  no  iron  :  but  the  liver-cells  are  rich  in  iron,  and  on 
itment  with  hydrochloric  acid  and  potassium  ferrocyanide, 
section  of  liver  is  coloured  by  Prussian  blue.  Iron  must. 
therefore,  be  removed  by  the  liver  from  the  blood-pigment  or 
om  one  of  its  derivatives ;  and  there  is  other  evidence  that 
liver  is  one  of  the  places  in  which  red  coq3uscles  are  actually 
lyed.  Although  it  cannot  be  doubted  that  in  all  animals 
npr  blood  contains  ha;moglobin  the  iron  found  in  the  liver 
1w9  an  imjxirtant  relation  to  the  building  wyt  or  breaking 
down  of  the  blixxl-pigrnent,  the  injection  of  luemoglobin  or 
hartnin,  mdeed,  increasing  markedly  the  amount  of  iron  in  the 
liver,  as  well  as  in  the  spleen,  bone-marrow  and  other  tissues,  this 
does  not  seem  to  be  the  only  function  of  the  hej^atic  iron,  for  the 
liver  of  the  crayfish  and  the  lobster,  which  have  no  h.tmoglobin 
in  their  blood,  is  nch  in  iron.  Destruction  of  the  corpuscles  also 
scvms  to  take  place  in  the  spleen  and  bone-marrow.  Although 
statement  that  free  blood-pigment  exists  in  the  plasma  of 
splenic  vein  is  incorrect,  red  corpuscles  have  been  seen  in 
rio«s  stages  of  decomjxjsition  within  large  amoeboid  cells  in 
e  splenic  pulp ;  and  deposits  containing  iron  have  l>een  found 
ere  and  in  the  red  bone-marrow  in  certain  pathological  con- 
tions.  Some  of  the  coloured  corpuscles  may  break  up  in 
e  blood  itself,  formmg  granules  of  pigment,  which  may  then 
taken  up  by  the  liver,  spleen,  and  lymph  glands. 
The  lymphocytes  arc  undoubtedly,  the  coarsely  granular 
yphile  cells  prnbably,  and  the  hyaline  cells  possibly,  derived 
m  ihp  lvmpl».  The  lymphocytes  are  identical  with  the  small 
\\  axm\  have   little,  if  any,   power  of   amosboid 

I  .  are  formed  largely  in  the  lymphatic  glands,  for 
the  lymph  commg  to  the  glands  is  much  poorer  in  corpuscles 
than  that  which  leaves  them.  The  lymphatic  glands*  however, 
are  not  the  only  seat  of  formation  of  leucocytes,  for  lymph 
rantains  some  coqniscles  before  it  has  passed  through  any 
gland  :  and  although  a  certain  number  of  these  may  have  found 
their  way  by  diapedesis  from  the  blood,  others  are  formed  in 
diffuse  adenoid  tissue,  or  in  si>ecial  collections  of  it,  such  as 
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Envelope  and  spongework  are  sometimes  spoken  of  as  f 
stroma  of  the  corpuscle,  in  contradistinction  to  its  most  imp 
tant  constituent,  a  highly  complex  pigment,  the  Iiaemogiob 
which,  not  in  solution  as  such,  but  either  in  solution  as  a  co 
pound  with  some  other  unknown  substance,  or  hound  in  so 
solid  or  scmi-sohd  combination  to  the  stroma,  fills  up  the  wh 
space  within  the  envelojie  and  all  the  interstices  of  the  spon, 
work.  To  the  physical  properties  of  the  stroma  it  is  usual 
attribute  the  great  elasticity  of  the  corpuscles — that  is,  1 
power  of  recovering  their  original  shape  after  distortion — 
their  elasticity  is  no  wise  impaired  by  the  removal  of  the  bsn 
globin, 

When  blood  with  disc-shaped  corpuscles  is  shed,  there  ifl 
great  tendency  for  the  corpuscles  to  run  together  into  grot: 
resembling  rouleaux,  or  piles  of  coin.  No  satisfactory  explai 
tion  of  this  curious  fact  has  yet  been  given. 

Crenation  of  the  corpuscles,  a  condition  in  which  they  becoi 
studded  with  fine  projections,  is  caused  by  the  addition 
moderately  strong  salt  solution,  by  the  passage  of  shocks 
electricity  at  high  potential,  as  from  a  Leyden  jar,  or  by  simj 
exposure  to  the  air.  Concentrated  saline  solutions,  whi 
abstract  water  from  the  corpuscles  and  cause  them  to  shrir 
make  the  colour  of  blood  a  brighter  red,  becatise  more  light 
now  reflected  from  the  crumpled  surfaces.  On  the  other  har 
the  addition  of  water  renders  the  corpuscles  spherical  ;  mc 
of  the  light  passes  through  them,  less  is  reflected,  and  the  cole 
becomes  dark  crimson  (Plate  T.). 

The  While  Blood-corpuscles,  or  Leucocytes. — The  red  c< 
puscles  arc  peculiar  to  blood.  The  white  corpuscles  may 
looked  uj>on  as  peripatetic  portions  of  the  mesoblast  {• 
Chap.  XIV.),  and  some  of  them  ought  not  in  strictness  to 
called  blood-corpuscles.  They  are  more  truly  body  corpuscl< 
Similar  cells  are  found  in  many  situations,  and  wander  evei 
where  in  the  spaces  of  the  connective  tissue.  They  pass  in 
the  bloodvessels  with  the  lymph,  and  may  pass  out  of  them  agg 
in  virtue  of  their  amieboid  power.  They  consist  of  ]>rotoplas' 
less  differentiated  (han  that  ol  any  othei  cells  in  the  Ixjdy.  a 
under  the  microscope  ap)iear  as  granular,  colourless,  transpare 
bodies,  spherical  in  lorni  when  at  rest,  and  containing  a  nuclei 
often  tri-  or  multi-lobed.  Many  of  the  leucocytes  of  frog's  bio 
at  the  ordinary  temperature,  and  of  manmialian  blood  wh 
artificially  heated  on  the  warm  stage,  may  be  seen  to  under] 
slow  changes  of  form.  Processes  called  pseudojwdia  are  push 
out  at  one  portion  of  the  surface,  retracted  at  another,  and  th 
the  corpuscle  gradually  mnves  or  '  flows  '  from  place  to  pla< 
and  envelops  or  eats  up  substances,  such  as  grams  of  carmic 
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ch  come  in  its  way.  This  kind  of  motion  was  first  observed 
the  amtpba,  and  is  therefore  called  amoeboid.  The  leucocytes 
human  blood  are  not  all  of  the  same  size,  and  differ  also  in 
her  rcspwtts.  They  may  be  classified  according  to  the  presence 
4dN»encc  of  granules  in  their  protoplasm,  and  the  fineness  or 
^  ness  of  the  granules  ;  according  to  the  chemical  nature 
of  the  dyes  with  which  the  granules  most  readily  stain,  and 
according  to  the  form  uf  the  nucleus.  Five  varieties  of  leuco- 
cytes may  thus  l>e  distinguished  in  normal  blood  (Plate  I.)  : 
I.  PolymorphoiiHclMr  Ntuirophik  Cells. — The  nucleus  assumes 
great  variety  of  forms,  often  contorted  or  deeply  lobed,  the 
obos  being  united  by  fine  strands  of  chromatin.  The  proto- 
plasm contains  numerous  fine  refractive  granules,  which  stain 
best  neither  with  simple  acid  dyes  like  eosin  nor  with  simple 
basic  djTs  like  methylrnc  blue,  hut  with  mixtures  which  must 


Pig.  a.— Am<bboid  Movxuent. 
A.  B,  C  D,  succeuivc  changes  in  the  form  of  ao  amocb&i 

be  assume<l  to  contain  '  neutral  '  stains*  like  Ehrlich*s  so-called 
triacid  sl^iin.*  These  cells  make  up  65  to  75  jier  cent,  of  the 
total  number  of  leucixytes.    TJieir  diameter  is  10  to  12  /x. 

2.  Eositu>pkiU  Ceils  (12  to  15  ;*  in  diameter),  much  less 
numerous  in  normid  bloo<l  than  the  neutrophiles  (less  than 
5  j>er  cent,  of  the  whole),  but  found  in  considerable  nnmlx;rs 
in  the  serous  cavities,  the  connective  tissue,  and  the  bone- 
marrow.  The  granules  in  the  protoplasm  are  coarser  than  the 
ni:utrophile  granules,  and  stain  much  more  deeply  with  eosin. 
The  nucleus  may  be  simple,  lobed,  or  even  divided  into  frag- 
ments between  which  no  connection  can  l>e  traced.  It  is  less 
rich  in  chromatin,  and  stains  less  easily  with  basic  dyes,  like 
methylene  blue,  than  the  nucleus  of  the  first  variety. 

3.  Hyaline  Celh^  or  Large  Mononuclear  Leucocytes^  with  a 
diameter  ol  xa  to  15  fi.  They  possess  a  large  simple  nucleus, 
poor  in  chromatin,  surrounded  by  a  relatively  great  amount  of 

*  A  mixture  of  orange  C,  4cid  fuchflin,  and  methyl  green. 
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are  nucleated.  Later  on  the  nucleated  corpuscles  gra 
diminish  in  number,  and  ;it  birth  they  have  almost  or  altc 
disappeared,  somt?  i>i  them,  at  least,  having  been  conver 
a  shrivelling  of  the  nucleus  into  the  ordinary  non-nu< 
form.  In  the  newly-born  rat,  which  comes  into  the  w« 
a  comparatively  immature  state,  many  of  the  red  corj 
may  be  seen  to  be  still  nucleated.  The  first  corpuscles  i 
in  embryonic  life  are  developed  outside  of  the  embryo  altoj 
Even  before  the  heart  has  as  yet  be^un  to  beat,  certain  < 
tlie  mesoblast  {see  Chap.  XIV.)  in  a  zone  ('  vascular 
around  the  growing  embryo  begin  to  sprout  into  long,  a 

mosing  processes,  which 
wards  become  hollowed  < 
fiirm  capillary  bloodvessel 
the  same  time  clumps  of 
formed  by  division  of  the  o 
nuclei  of  the  cells,  gather 
nodes  of  the  network,  i 
iMcli  nucleus  clings  a  littL 
i«l'  ]iri>toplasm,  which  so( 
velops  hamoglobin  in  it: 
stance  ;  and  the  new-mac 
puscles  float  away  with: 
new-made  vessels.  In  lat 
bryonic  life  the  nucleate 
pusrles  seem  in  part  to 
veloped  within  the  blood 
in  tlie  liver,  allantois,  splee 
red  bone-marrow,  and  in  < 
localities  in  the  connective 
by  mitotic  division  of  prc^ 
existing  nucleated  corpus* 
part  to  be  f^irmed  endogenously  within  special  cells  in  th 
and  perhaps  other  organs. 

In  the  niainiiial  in  extra-uterine  life  the  chief  s 
formation  of  the  red  blood-corpuscles  is  the  red  marrow 
bones  of  the  skull  and  trunk,  and  of  the  ends  of  the  long 
of  the  limbs.  Special  nucleated  cells  in  the  marrow,  ori 
colourless,  multiply  by  kar\'okinesis  or  indirect  di\'isioi 
up  haemoglobin  or  form  it  within  their  protoplasm,  a: 
transformed  by  various  stages  into  the  ordinary  non-nui 
red  coq^uscles.  which  are  washed  away  in  the  blood-s 
These  blood-forming  cells  have  received  the  name  of  ei 
blasts  or  haematoblasts.  According  to  another  view,  the  e 
blasts  are  never  colourless,  but  always  contain  luemo 
After  haemorrhage  rapid  regeneration  of    the  blood  takes 


Fig.    4-— Curve    showing     Propor- 
tion    OF    WllITtt    CORPUar.LES     TO 

Red  at  Difpsrsnt  Tihes  op  thk 
Dav    (aftkb     TH8     Results     of 

HiRT). 

At  I  the  morning  meal  was  taken  : 
at  II  the  mid-d.iy  meal  ;  at  III  the 
eveoing  meal.  During  active  diges- 
tion the  number  of  lymph'Xytcs  in 
the  blood  is  greaUy  increased,  both 
absolutely  and  relatively  to  the 
number  of  the  other  leucocvtes. 
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»o  that  in  a  few  weeks  the  loss  of  even  as  much  as  a  third  of 
the  total  blood  is  made  good.  The  plasma  is  much  sooner 
restored  to  its  norma!  amount  than  the  corpuscles.  Microscopical 
L  examination  shows  in  tht*  red  marrow  the  tokens  of  increased 
^^broduction  of  coloured  corpuscles.  Otiier  organs  also,  par- 
^^pcularly  the  spleen,  may.  in  s\\c\\  emergencies,  take  on  a  blood- 
^Hbrming  function. 

^"  A  constant  destruction  of  red  blood-corpuscles  must  go  on, 
i  for  the  bile-pigment  and  the  pigments  of  the  urine  arc  derived 
from  bl*Mxl-pigment.  The  bile-pigment  is  formed  in  the  liver. 
It  contains  no  iron  ;  but  the  liver-cells  are  rich  in  iron,  and  on 
I  treatment  with  hydrochloric  acid  and  [>otassium  ferrocyanide, 
a  section  of  liver  is  coloured  by  Prussian  blue.  Iron  must, 
therefore,  be  removed  by  the  liver  from  the  blood-pigment  or 
m  one  of  its  derivatives  ;  and  there  is  other  evidence  that 
liver  is  one  of  the  places  in  which  red  corpui^cles  are  actually 
troyed.  Although  it  rannnt  be  doubted  that  in  all  animals 
hose  bhxMi  contains  hiemoglobin  the  iron  found  in  the  liver 
an*  an  im|xjrtanl  relation  to  the  building  up  or  breaking 
*ti  of  the  bltHxl-pigment,  the  injection  of  hrvmoglobin  or 
in,  indeed,  increasing  markedly  the  amount  of  iron  m  the 
,  as  well  as  in  the  spleen,  Imne-marrow  and  other  tissues,  this 
not  seem  to  be  the  only  function  of  the  hepatic  iron,  for  the 
of  the  crayfish  and  the  lobster,  which  have  no  hfemoglobin 
in  their  blood,  is  rich  in  iron.  Destruction  of  the  corpuscles  also 
srcms  to  lake  place  in  the  splct-n  and  bone-marrow.  Although 
statement  tliat  free  blood- pigment  exists  in  the  plasma  of 
splenic  vein  is  incorrect,  red  corpuscles  have  been  seen  in 
lages  of  decomposition  within  large  amreboid  cells  in 
ic  pulp  ;  and  de|K>sits  containing  iron  have  been  fouutl 
and  m  the  red  bone-marrow  in  certain  pathological  con- 
Some  of  the  coloured  corpuscles  may  break  up  in 
e  blood  itsell.  forming  granules  of  pigment,  which  may  then 
taken  up  by  the  liver,  spleen,  and  lymph  glands. 
The  lymplKJcytrs  are  undoubtedly,  the  coarsely  granular 
ilr  tells  probably,  and  the  hyaline  cells  ix>ssibly,  derived 
the  lymph.  The  lym]»hocytes  are  identical  with  the  small 
corpuscles,  and  have  little,  if  any,  power  of  am<eboid 
eat.  lliey  are  formed  largely  in  the  lymphatic  glands,  for 
e  lymph  coming  to  the  glands  is  much  jKKjrer  in  corpuscles 
n  that  which  leaves  them.  The  lymphatic  glands,  however. 
arc  not  the  only  scat  of  formation  of  leucocytes,  for  lymph 
nt»ins  some  corpuscles  l>efore  it  has  pass<:»d  through  any 
mi  ;  and  although  a  certain  number  of  these  may  have  found 
i'u  W7iy  by  dia|H*<losis  from  the  blood,  others  are  formed  in 
irtuse  a<ienuid  tissue,  or  in  special  collections  of  it,  such  as 
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protoplasm,  with  no  evident  granules.    They  constitute  3 
5  j>er  cent,  of  the  total  number  of  leucocytes. 

4.  Lymphocytes. — Smaller  cells  than  any  of  the  precedii 
(diameter  6  /i),  possessing  a  single  large  nucleus,  surrounded  1 
a  comparatively  small  amount  of  protoplasm  ;  20  to  25  per  cen 
of  the  leucocytes  of  the  blood  belong  to  this  group. 

5.  '  Masi  Cells,'  the  least  numerous  variety  (0"5  per  cent, 
the  total  number).  They  are  somewhat  smaller  than  the  neutr 
philes  (average  diameter  about  10  fi).  The  nucleus  is  irregular! 
trilobed.  The  protoplasm  shows  coarse  granules,  which  c 
not  glitter  like  the  granules  of  the  eosinophile  cells,  and  a 
therefore  less  conspicuous  in  the  unstained  condition.  Unlil 
the  eosinophile  granules,  they  stain  with  basic  dyes,  such  j 
methylene  blue. 

Blood-plates. — When  blood  is  examined  immediately  aft 
being  shed,  small  colourless  bodies  (i  to  3  ^  in  diameter) 
various  shaj^es,  but  usually  round  or  oval,  may  be  seen.  The 
are  the  blood-plates  or  platelets.  They  can  be  collected  I 
placing  a  drop  of  blood  on  a  smooth  and  clean  piece  of  paraffi 
and  keeping  it  in  a  moist  chamber.  Clotting  is  long  delaye 
and  the  white  and  coloured  corpuscles  sink  to  the  bottom,  whi 
the  platelets  rise  to  the  top  of  the  drop,  from  which  they  can  1 
removed  by  a  cover-slip.  They  can  be  best  studied  when  tJ 
blood  is  mixed  directly  with  some  fixing  solution,  such  ; 
Hayem's  solution  (sodium  chloride,  i  grm.  ;  sodium  sulphat 
5  grm.  ;  mercuric  chloride,  0*5  grm. ;  water,  200  grm.),  or  osm 
acid.  They  can  even,  like  leucocytes,  be  kept  alive  on  tl 
warm  stage  in  an  appropriate  medium  (agar,  to  which  certa 
salts  have  been  added),  and  then  show  lively  amoeboid  mov 
ments  (Deetjen).  While  some  observers  believe  that  th< 
represent  the  remains  of  the  nuclei  of  the  erythroblasts,  it 
more  probable  that  they  are  independent  elements.  They  ha^ 
even  been  described  as  nucleated  cells,  although  the  nucleus 
not  easy  to  stain.  They  are  not  produced  by  the  breaking  x 
of  other  elements  of  the  shed  blood,  for  they  have  been  observ< 
within  the  freshly-excised,  and  therefore  still  living,  capillaries- 
in  the  mesentery  of  the  guinea-pig  and  rat  (Osier). 

Enumeration  of  the  Blood-corpuscles. — This  is  done  1 
taking  a  measured  quantity  of  blood,  diluting  it  to  a  known  exte; 
with  a  liquid  which  does  not  destroy  the  corpuscles,  and  countii 
the  number  in  a  given  volume  of  the  diluted  blood  (p.  50). 

The  average  number  of  red  corpuscles  in  a  cubic  millimet 
of  blood  is  about  5,000,000  in  a  healthy  man,  and  about  4,5oo,o< 
in  a  healthy  woman,  but  a  variation  of  1,000,000  up  or  dov 
can  hardly  be  considered  abnormal.  In  persons  suffering  fro 
profound  amemia  the  number  may  sink  to  1,000,000  per  cub 
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miUimetre,  or  even  less,  while  in  new-bom  rhildren  and  in  the 
inh.ihitanfs  i>(  IukIi  plalraiis  or  mountains  it  may  rise  to  7,000,000, 
or  even  rnou'.  In  the  jattur  instance  a  re^idtnce  of  a  fortnight 
in  thr  rarefied  air  is  suflicient  to  brinp  abruit  the  increase,  and 
a  sutKequent  residence  of  a  fortnight  in  the  lowlands  In  annul  it.* 

T}ie  ntin»!>er  of  white  bIoo<i-corpuscIes  is  on  the  average  about 
10.000  per  cubic  milhmetre  of  blood,  or  one  leucocyte  for  every 
500  red  blood-corpuscles.  But  if  the  count  is  made  when 
digestion  is  relatively  inactive,  four  to  five  hours  after  a  meal, 
it  ifives  no  more  than  7,000  to  tlie  cubic  millimetre.  In  new- 
b*irn  children  the  average  number  is  over  18,000  per  cubic 
miUnnctre.  In  leukaemia  the  number  of  white  corpuscles  is 
enonnously  increased — it  may  be  in  extreme  cases  to  500.000 
per  cub«c  millimetre — while  at  the  same  time  the  numlwr  of 
the  red  corpuscles  is  diminished  ;  and  the  ratio  of  white  to  red 
nuy  approach  i  :  4.  An  increase  has  also  been  observed  in 
certain  infective  diseases  as  part 
of  the  inflammatory  reaction. 
There  arc  also  physiological 
▼ahations,  even  within  short 
^icriods  of  time  ;  for  example. 
Ihc  number  of  lymphocytes  is  in- 
creased when  digestion  isgoing  on. 
The  norma!  number  of  blood- 
pUtesv^uies  from  a  quarter  to  half 
a  million  to  the  cubic  millimetre, 
but  may  Uc  greater  m  disease 
and  at  high  levels  (Kemp). 

Life  -  histof7     of    the    Cor- 
puscles.— The  coqmscles  of  the 
lotid,  like  the  Ixxly  itself,  fulfil 
allotted    round  of   life,  and 

die.     They  arise.  |>erform  their  functions  for  a  time,  and 

•ar.     Hut  although  the   place  and  mo<ic  of  their  origin, 

the  seat  of  tlieir  destruction  or  decay,  and  the  average  length 

their  life,  have  been  thesiibject  of  active  research  and  still  more 

live  discussion  for  many  years,  much  yet  remains  unsettled. 

In  the  embryo  the  red  corpuscles,  even  of  those  forms  (mam- 
mals) whirh  have  non-nucleated  corpuscles  in  adult  life,  are  at 
first  f»ossessed  of  nuclei,  and  approximately  spherical  in  form. 
In  the  human  fcetus,  at  the  fourth  week  all  the  red  corjmscles 

•  In  itj  apparmtly  hralthy  students  (male)  the  average  number  of  red 
CorpoACicA  was  51  r  cubic  millimetre.     In  104  o(  tnexe.  the  numtn-r 

reafvd  ifom  4. to  <  4uo,otxi ;  in  ;i  (or  63  |>er  cent,  uf  the  whole). 

from  4.400j>      *  •    :  in  ^   from  ys.on.aott  to  vjoo.oijo  ;  in  5.  !rom 

6,500.000(1'  1 1'     ;•  I  nation  the  number  reached  7.300.000. 

,tlt0  OCwb*-'- -'  ''^''*  'tvcijgi-  1-.  "vor  ft.000,000. 


Fig.      3.  —  CfRVK      showim.      i.k 
NmnrK     or      Rxd     CoRmscLCA 

AT         DirrKKKKT         ACKS        (AFTER 
SORSNStM'S    £&Tltf  ATinxs). 

Thr  figures  ttUmg  the  horizontal 
axis  are  vron  nt  age.  those  alone 
the  vrrticul  axis  miUinns  of  cor- 
pnsdea  per  cubir  milUmrtrr  of  Mood. 
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are  nucleated.  Later  on  the  nucleated  corpuscles  grs 
diminish  in  numben  and  at  birth  they  have  almost  or  altc 
disappeared,  some  of  thorn,  at  least,  having  been  conver 
a  shrivHliuK  of  the  nucleus  into  the  ordinary  non-nw 
funn.  In  the  newly-born  rat,  which  conies  into  the  vn 
a  comparatively  immatvne  state,  many  of  the  red  cor] 
may  be  seen  to  be  still  nucleated.  The  first  corpuscles  i 
in  embryonic  life  are  developed  outside  of  tlie  embryo  altoi 
Even  before  the  heart  has  as  yet  begun  to  beat,  certain  < 
the  niesoblasL  (see  Chap.  XIV.)  in  a  zone  ('  vascular 
around  the  growing  embryo  begin  to  sprout  into  long,  i 

mosing  processes,  which 
wards  become  hollowed 
form  capillary  bloodvessej 
the  same  time  clumps  of 
formed  by  division  of  the  c 
imclei  of  the  cells,  gather 
nodes  of  the  network.  / 
each  nucleus  dings  a  Httl 
of  protoplasm,  which  so 
velops  haemoglobin  in  it 
stance  ;  anti  the  new-ma< 
puscles  float  away  with, 
new-made  vessels.  In  lal 
bryonic  life  the  nucleate 
puscles  seem  in  part  to 
veloped  within  the  blood 
in  the  liver,  allantois,  sple< 
red  bone-marrow,  and  in  i 
localities  in  the  connective 
by  mitotic  division  of  |>re^ 
existing  nucleated  corpus* 
part  to  be  formed  cndogenously  within  special  cells  in  th 
and  (>erhaps  other  organs. 

Ill  the  inaniHKtl  in  extra-uterine  life  the  chief  s 
formation  of  the  red  blood-corpuscles  is  the  red  marrow 
bones  of  the  skull  and  trunk,  and  of  the  ends  of  the  long 
of  the  limbs.  Special  nucleated  cells  in  the  marrow,  ori 
colourless,  multiply  by  karyokincsis  or  indirect  divisioi 
up  haemoglobin  or  form  it  within  their  j>rotop!asm,  a 
transformed  by  various  stages  into  the  ordinary  non-nu* 
red  corpuscles,  which  are  washed  away  in  the  blood-s 
These  blood-forming  cells  have  received  the  name  of  ci 
blasts  or  hiemaloblasts.  According  to  another  \'iew,  the  ej 
blasts  are  never  colourless,  but  always  contain  lismo 
After  haemorrhage  rapid  regeneration  of    the  blood  takes 


Fig.    4. — Curve    stiowisc     Propor- 
tion   OF   White   Corpuscles    to 

RSD  AT  DiFFKRSNT  TlMKS    OF   THE 

Day    (after     trr     Rssults     of 
Hibt). 

At  I  the  morning  meal  was  taken  : 
At  II  the  mid-day  meal  ;  at  III  the 
evening  meal.  During  active  diges- 
tion the  number  of  lymphocytes  in 
the  blood  is  greatly  increased,  both 
absolutely  and  relatively  to  the 
number  of  the  other  leucocytes. 
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SO  that  in  a  few  weeks  the  loss  of  even  as  much  as  a  third  of 
the  total  blood  is  made  good.  The  plasma  is  much  sooner 
restored  to  its  normal  amount  than  the  corpuscles.  Microscopical 
examination  shows  in  the  red  marrow  the  tokens  of  increased 
production  of  coloured  coq^uscles.  Other  organs  also,  par- 
ticularly tiie  spleen,  may,  in  such  emergencies,  take  on  a  blood- 
trmtng  function. 

A  constant  destruction  of  red  blood-corpuscles  must  go  on, 
the  bile-pigment  and  the  pigments  of  the  urine  are  derived 
>m  blood- pigment.  The  bile-pigment  is  formed  in  the  liver. 
contains  no  iron  ;  hut  the  liver-cells  are  rich  in  iron,  and  on 
Mtmrnl  with  hydrochloric  acid  and  |>otassium  ferrocyanide, 
section  of  liver  is  coloured  by  Prussian  l)lue.  lr<jn  must, 
lereiorc,  h<d  removed  by  the  liver  from  the  blood-pigment  or 
»m  one  of  its  derix-atives  ;  and  there  is  other  evidence  that 
liver  is  one  of  the  places  in  which  red  corf^uscles  arc  actually 
red.  Although  it  cannot  be  doubted  that  in  all  animals 
blood  contains  ha;moglobin  the  iron  found  in  the  liver 
bears  an  imjiortant  relation  to  the  building  up  or  breaking 
of  the  bl*M>d-pigment,  the  injection  of  haemoglobin  or 
I,  indeed,  increasing  markedly  the  amount  of  iron  in  the 
,  as  well  as  in  the  spleen,  bone-marrow  and  other  tissues,  this 
not  seem  to  be  the  only  function  of  the  hepatic  iron,  for  the 
'tt  of  the  crayfish  and  the  lobster,  which  have  no  ha-moglobin 
in  their  blootf,  is  rich  in  iron.  Destruction  of  the  corpuscles  alsti 
seems  to  take  place  in  the  s|»leen  and  bone-marrow.  Although 
ic  statement  that  free  blood-])igment  exists  in  the  plasma  of 
le  splenic  vein  is  incorrect,  red  corpuscles  have  been  seen  in 
inous  stages  of  decomf>osition  within  large  amrcboid  cells  in 
splenic  pulp  ;  and  dejxjsits  containing  iron  have  been  found 
and  in  the  red  bone-marrow  in  certain  pathological  con- 
ilions.  Some  of  the  coloured  corpuscles  may  break  up  in 
le  blotKl  Itself,  f(»rming  granules  of  jugment,  which  may  then 
taken  up  by  the  liver,  spleen,  and  lymph  glands. 
The  lymphocytes  are  undoubtedly,  the  coarsely  granular 
yphilc  cells  probably,  and  the  hyaline  cells  pKissibly,  derived 
the  lymph.  The  lymphocytes  are  identical  with  the  small 
i-corjnisrles,  and  have  little,  if  any,  jKJwer  of  amoelwid 
lent.  Thry  arc  formed  largely  in  the  lymphatic  glands,  for 
lymph  coming  lo  the  glands  is  much  poorer  in  coq>uscIes 
that  which  leaves  them.  The  lymphatic  glands,  however, 
arc  not  the  only  seat  of  formation  of  leucocytes,  for  lymph 
contains  some  corpuHcles  bcTfore  it  has  j)assed  through  any 
giuid  ;  and  althimgh  a  certain  number  of  these  may  have  found 
thrir  way  by  diafK^dcsis  from  the  blood,  others  are  formed  m 
le  adenoid  tissue,  or  in  special  collections  of  it,  such  as 


the  thymus,  the  tonsils,  the  Peyer's  patches  and  solitary  follicles 
the  intestine,  and  the  splenic  corpuscles.  It  is  possible  that  soi 
of  the  lar^^er  varieties  of  leucocytes,  especially  the  eosinoph 
cells,  are  formed  iii  the  bone-marrow.  To  a  very  small  exte 
white  blood-corpuscles  may  multiply  by  karyokinesis  or  indire 
division  in  the  blood. 

The  falo  of  the  leucocytes  is  even  less  known  than  thai 
the  red  corpuscles,  for  they  contain  no  characteristic  substant 
like  the  blood-pigment,  by  which  their  destruction  maybe  trace 
That  they  are  constantly  disappearing  is  certain,  for  they  a 
constantly  l>eing  produced.  Not  a  few  of  them  actually  esca 
from  the  mucous  membranes  of  tlie  respiratory,  digestive,  ai 
urinary  tracts.  Tlie  remnants  of  brokun-ilown  leucocytes  ha 
been  found  in  the  spleen  and  lymph  glands.  It  must  be  assumi 
that  many  break  up  in  the  blood-plasma  itself. 

Physical  and  Chemical  Properties  of  the  Blood. 

Fresh  blood  vanes  in  colour,  from  scarlet  in  the  arteries 
pui pie-red  in  the  veins.  It  is  a  somewhat  viscid  liquid,  with 
saline  taste  and  a  peculiar  odour.  The  viscosity  of  norn; 
dog's  blood  is  about  six  times  greater  than  that  of  distill 
water  at  body  temperature.  It  can  be  determined  by  allowii 
the  blood  to  flow  through  a  capillary  tube  of  known  dimensio 
under  a  definite  pressure,  and  measuring  the  amount  whii 
escapes  in  a  given  time.  In  general  the  viscosity  and  specil 
gravity  of  the  blood  vary  in  the  same  direction,  although  the 
is  not  an  exact  projiortionality  between  them.  Thus,  sweatin 
which  causes  a  diminution  of  the  water  of  the  blood,  causes  also  i 
increase  in  its  viscosity.  With  increasing  temperature  the  viscosi" 
of  the  blood  diminishes,  as  is  the  case  with  other  liquids  (Opit^J 

The  reaction  of  blood  is  alkaline  to  litmus-paper,  chiefly  owii 
to  Ike  |>resencc  of  di-sodium-hydrogen  phosphate  (Na..HPC 
and  sodium  carbonate.  The  alkalinity  is  not  constant ;  it  is  ii 
creased  during  digestion,  when  the  acid  of  the  gastric  juice 
being  formed  ;  it  is  lowest  in  the  morning,  and  highest  in  tl 
afternoon.  It  is  tliminished  by  muscular  exertion,  owing  * 
the  ionnalion  of  lactic  acid  ;  and  since  acid  substances  seem  1 
be  produced  in  all  active  tissues^  the  alkalinity  of  venous  is  le: 
than  that  of  arterial  blood.  In  herbivorous  animals  the  alk; 
linity  of  the  bltxid  is  easily  lessened  by  the  administration  * 
acids,  but  in  camivora  and  in  man  it  is  much  more  diiftcult  i 
bring  about  such  a  change,  the  acid  being  neutralized  b 
ammonia,  which  is  spUt  off  from  the  proteids.  In  many  disease; 
however,  and  particularly  in  those  accompanicfl  bv  fever,  thi 
protective  mechamsm  breaks  down,  the  alkalinity  ol  the  bloo 
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becomes  seriously  reduced,  or  even,  as  has  sometimes  been 
observed  in  diabetic  coma,  gives  place  to  an  acid  reaction. 
Chloroform  causes  a  diminution  in  the  alkalinity  of  the  blood, 
and  acute  alcoholic  intoxication  has  a  similar  effect,  owing  to  the 
production  of  volatile  fatty  acids.  It  is  possible  that  the  use  of 
ammonia  after  a  drinking  bout  for  the  bracing  effect  attributed 
to  it  by  experienced  topers  may  be  explained  by  its  power  of 
neutralizing  these  acid  products.  The  average  alkalinity  of 
human  blood,  as  estimated  by  titration  with  a  standard  acid 
after  the  corpuscles  have  been  broken  up,  is-  that  of  a  0*4  per 
cent,  solution  of  sodium  hydroxide  (Loewy). 

According  to  the  current  theories  of  physical  chemistry,  the  reaction 
of  a  solution  depends  on  its  content  of  hydrogen  and  hydroxyl  ions, 
and  the  proportion  existing  between  them,  so  that  an  excess  of 
hydrogen  ions  corresponds  to  an  acid,  and  an  excess  of  hydroxyl  ions 
to  an  alkaline  reaction.  The  titration  method  cannot  mform  us  as 
to  the  actual  concentration  of  these  ions  in  the  blood.  It  has  been 
shown,  however,  by  a  physical  method  (the  determination  of  the 
electro-motive  force  of  a  cell  containing  blood  or  serum  as  one  liquid) 
that  the  concentration  of  the  hydroxyl  ions  is  very  small  (only  30  to 
100  times  as  great  as  in  the  purest  distilled  water).  Blood  is  there- 
fore very  feebly  alkaline,  far  less  so  than  titration  indicates. 

The  average  specific  gravity  of  blood  is  about  1066  at  birth. 
It  falls  during  infancy  to  about  1050  in  the  third  year,  then  rises 
till  puberty  is  reached  to  about  1058  in  males  (at  the  seventeenth 
year),  and  1055  in  females  (at  the  fourteenth  year).  It  remains 
at  this  level  during  middle  life  in  males,  but  falls  somewhat  in 
females.  In  chlorotic  anaemia  of  young  women  it  may  be  as 
low  as  1030  or  1035.  It  rises  in  starvation.  Sleep  and  regular 
exercise  increase  it  (Lloyd  Jones).*  The  specific  gravity  of 
the  serum  or  plasma  varies  from  1026  to  1032. 

The  Electrical  Conductivity  of  Blood. — The  liquid  portion 
of  the  blood  conducts  the  current  entirely  by  means  of  the 
electrolytes  dissolved  in  it,  the  most  important  of  these  being  the 
inorganic  salts  ;  and  the  conductivity  of  the  serum  varies,  in 
different  specimens  of  blood,  within  a  comparatively  narrow 
range.  The  conductivity  of  entire  (defibrinated)  blood,  on  the 
contrary,  varies  within  wide  limits.  For  instance,  in  a  case  of 
pernicious  anaemia  the  conductivity  of  the  blood  was  found  to 
be  almost  double  that  of  normal  human  blood,  while  the  con- 
ductivity of  the  serum  was  normal.  The  most  influential  factor 
which  governs  this  variation  is  the  relative  volume  of  the  cor- 
puscles   and   serum.      When    the    blood    is    relatively   rich    in 

*  In  165  students  (male)  the  average  specific  gravity  ol  the  blood,  as 
determined  by  Hammerschlag's  method  {p.  46)  was  1054-4.  In  i4c>  of 
these  the  variation  was  from  1050  to  1065  ;  in  94  (or  57  per  cent,  of  the 
whole),  from  1054  to  1060;  in  4,  from  1046  to  1049  :  •"  9.  fi^oni  1066  to 
1070.     In  3  the  specific  gravity  was  only  1040  to  1042. 
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corpuscles  and  poor  in  serum,  its  conductivity  is  low  ;  when 
is  poor  in  corpuscles  and  rich  in  serum,  its  conductivity  is  hi§ 
The  explanation  is  that  the  envelope  of  the  corpuscle  refus 
passage  to  the  ions  of  the  dissociated  molecules,  which,  in  virt 
of  their  electrical  charges,  render  a  liquid  like  blood  a  co 
ductor  (p.  354),  or  permits  them  only  to  pass  very  slowly,  so  th 
the  intact  red  corpuscles  have  an  electrical  conductivity  so  mai 
times  less  than  that  of  serum,  that  they  may,  in  comparisc 
be  looked  upon  as  non-conductors  (Practical  Exercises,  pp.  50-5: 
The  Relative  Volume  of  Corpuscles  and  Plasma  in  U 
clotted  Blood,  or,  what  can  be  converted  into  this  by  a  snii 
correction,  the  relative  volume  of  corpuscles  and  serum  in  d 
fibrinated  blood,  can  be  easily  determined,  with  approxima 
accuracy,  by  comparing  the  electrical  conductivity  of  enti 
blood  with  that  of  its  serum.*    Another  simple  method  is 
centrifugalize  a  small  quantity  of  blood,  after  mixing  it  wi 
a  known  amoimt  of  a  2^  per  cent,  solution  of  potassium  bichr 
mate,  in  a  graduated  glass  tube  of  narrow  bore  (hsematocrite)  un 
the  corpuscles  have  been  collected  into  a  solid  *  thread  *  at  tl 
outer  extremity  of  the  tube.    Their  volimie  and  that  of  the  cle 
liquid  which  has  been  separated  from  them  are  then  read  ( 
on  the  scale.      Since   the  bichromate  solution  or  any  oth 
which  may  be  used  for  dilution  cannot  be  exactly  isotonic  wi 
each  specimen  of  blood,   the  volume  of  the  corpuscles  mu 
in  general  be  altered  by  gain  or  loss  of  water,  and  to  this  exte: 
the  haematocrite  reading  will  be  inaccurate.    This  error  can  \ 
avoided  by  using  a  haematocrite  which  rotates  at  such  a  hij 
speed  {10,000  turns  a  minute)  that  separation  of  the  corpuscl 
from  the  plasma  is  accomplished  before  clotting  has  occurred 
No  dilution  of  the  blood  is  then  necessary.     By  these  and  oth 
methods  too  elaborate  for  description  here,  it  has  been  shov 
that  the  plasma  or  serum  usually  makes  up  rather  less  than  tw 
thirds,  and  the  corpuscles  rather  more  than  one-third,  of  tl 
blood.     But  this  proportion  is,  of  course,  liable  to  the  san 
variations  as  the  number  of  corpuscles  in  a  cubic  millimetre 
blood.     It  depends,   further,   the  number  of  corpuscles  beii 
given,  on  the  average  volume  of  each  corpuscle.     For  instanc 
when  the  molecular  concentration,  and  therefore  the  osmot 
pressure  (p.  352),  of  the  plasma  is  reduced,  as  by  the  additic 
of  water  or  the  abstraction  of  salts,  water  passes  into  the  co 

*  The  formula  p  —  — —  {174  -X(6)),  where  p  is  the  number  of  cc. 

a(.s') 

serum  in  100  c.c.  of  blood  ;  X(fc),  \{s).  the  conductivity  respectively 
the  blood  and  serum  (both  measured  at  or  reduced  to  5**  C,  and  e: 

f)re5sed  in  reciprocal  ohms  multiplied  by  10''),  may  be  used  in  the  calc 
ation.  A  reciprocal  ohm  is  the  conductivity  of  a  mercury  column  i.o< 
metres  long  and  i  square  millimetre  in  section. 
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puscles  and  they  swell ;  when  the  molecular  concentration  of 
the  plasma  is  increased,  by  the  abstraction  of  water  or  the 
addition  of  salts,  water  passes  out  of  the  corpuscles,  and  they 
shrink.  In  human  serum  the  average  depression  of  the  freezing- 
point  below  that  of  distilled  water,  which  is  a  measure  of  the 
molecular  concentration  and  of  the  osmotic  pressure,  is  about 
0*56°  C.  (Practical  Exercises,  p.  55), 

Laking  of  Blood,  or  Haemolysis. — Even  in  thin  layers  blood 
is  opaque,  owing  to  reflection  of  the  light  by  the  red  corpuscles. 
Itbecomes  transparent  or  '  laky '  when  by  any  means  the  pig- 
ment  is  brougnt  ouTbrthe  corpuscles  and  goes  into  true  solution. 
^Kepeated  Ireezing  and"lTiawing  of  the  blood,  the  addition  of 
water,  the  passage  of  electrical  currents,  constant  and  induced,* 
putrefaction,  heating  the  blood  to  60°  C,  and  many  chemical 
agents  '{as  bile-salts,  ether,  saponin),  cause  this  change.  The 
blood-serum  of  certain  animals  acts  on  the  coloured  corpuscles 
of  others,  and  sets  free  their  pigment — for  example,  the  serum 
of  the  dog  or  ox  causes  haemolysis  of  rabbit's  corpuscles  ;  the 
serum  of  the  ox,  goat,  dog,  or  rabbit  lakes  guinea-pig's  corpuscles. 
But  rabbit's  serum  does  not  lake  dog's  corpuscles,  and  guinea- 
pig's  serum  is  inactive  towards  the  corpuscles  both  of  the  rabbit 
and  the  dog.  It  has  been  shown  that  in  haemolysis  by  foreign 
serum  two  bodies  are  concerned  :  one,  which  is  easily  destroyed 
by  heating  to  about  56°  C,  the  so  -  called  complement,  and 
another,  the  intermediary  body  or  amboceptor,  which  is  not 
affected  by  being  heated  to  this  temperature.  Thus,  if  dog's 
serum  be  heated  to  56*^  C.  for  ten  to  twenty  minutes,  no  amount  of 
it  will  lake  rabbit's  washed  corpuscles — that  is,  rabbit's  corpuscles 
freed  from  their  own  serum  by  repeated  washing  with  salt 
solution  and  centrifugalization.  If,  however,  rabbit's  serum  be 
added  to  the  washed  rabbit's  corpuscles,  they  will  be  laked  by 
the  heated  dog's  serum.  Unheated  dog's  serum  will  lake  rabbit's 
corpuscles  whether  they  have  been  washed  free  from  their  own 
serum  or  not  (Practical  Exercises,  p.  53). 

The  hypothesis  which  best  explains  these  facts  and  many 
similar  ones  is  that  dog's  serum  contains  both  of  the  bodies 
necessary  for  haemolysis  of  rabbit's  corpuscles.  When  the 
complement  has  been  rendered  inactive  by  heating,  the  ambo- 
ceptor cannot  cause  laking  by  itself.  Rabbit's  serum  contains 
complement,  but  not  the  specific  amboceptor  necessary  for  the 
laking  of  rabbit's  corpuscles.  Accordingly,  the  addition  of  fresh 
rabbit's  serum  to  heated  dog's  serum  restores  complement  to 
the  latter,  and  thus  it  is  again  rendered  active  for  rabbit's  cor- 

•  The  laking  action  of  induced  currents  is  due  simply  to  the  heating  of 
the  blood.  Condenser  discharges,  however,  cause  hlieration  of  the  haemo- 
globin without  raising  the  temperature  to  the  point  at  which  heat-laking 
occurs  (Rollett), 
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puscles.     The   amboceptor    is   supposed    to    unite    nn    the    o 
hand  with  certain  grou]>s  in  the  corpuscle  and  on  the  other  \vi 
the  coni[ileTnent,  which  is  thus  enabled  to  develop  its  hxrnolyi 
action  n|Hin  the  envcIoi>e  or  the  stroma.     The  complement 
incapalMe  of  acting,  even  in  tlie  presence  of  .'imbomptor,  if  tl 
temperature  is  reduced  to  o"  C.     Nevertheless,   the  corpusci 
take  u|>  amboceptor  at   this  temperature,   and  on  this  fact 
based  a  method  of  freemg  serum  from  amboceptor.     For  e 
ample,  if  dog's  serum  and  excess  of  rabbit's  washed  coqjusclt 
both  previously  cooled  to  o*^  C,  be  mixed  and  placed  at  o'^  C,  f 
some  hours,  and  the  serum  then  removed,  it  will  he  found  that 
has  lost  the  jmwer  of  laking  rabbit's  corpuscles,  washed  or  u 
washed,  at  air  or  body  temjierature,  although  it  will  still  do 
on  the  addition  ol  dog's  serum  in  which  the  complement  has  l>e( 
destroyed  by  healing  it  to  56^  C. 

In  general  haemolysis  by  foreign  sernm  is  preceded  by  agglutin 
tion  or  aggregation  of  the  corpuscles  into  groups.  Agglutinati* 
may  be  obtained  without  haemolysis  by  heating  the  haemolyt 
scrum  to  the  temperature  at  which  the  complement  is  destroye 
since  the  agglutinating  agents,  or  agglutinins,  are  relatively  resistai 
to  heat.  When  the  corpuscles  of  one  animal  are  injected  intrapei 
toneally  or  subcutaneously  into  an  animal  of  a  dittcient  kind,  tl 
serum  of  the  latter  acquires  the  projxTty  of  agglutinating  ar 
taking  the  corpuscles  of  an  animal  of  the  SAme  kind  as  that  when 
corpuscles  have  been  injected.  This  is  especially  marked  if  tl 
injection  is  several  times  repeated  at  intervals  of  a  few  days.  I 
for  instance,  dog*s  corpuscles  are  injected  into  a  rabbit,  the  rabbit 
serum  after  a  time  becomes  strongly  ha*molytic  for  dog's  corpuscle 
It  also  agglutinates  them.  This  is  due  to  the  appearance  in  tl 
rabbit's  serum  of  an  amboceptor  and  an  agghitinin  which  have 
SfXicific  action  on  dog's  corpuscles.  Many  other  cells  besides  tl 
coloured  blood-corpuscles  give  rise,  when  injected,  to  similar  specif 
substances  (c\'toh'sins),  which  cause  destruction  of  cells  of  the  sanr 
kind — e.g.,  leucocytes  and  spermatozoa. 

Precipitins.— When  the  scrum  of  one  animal  is  injected  inl 
another  of  a  different  grouj),  the  serum  of  the  latter  acquirt 
the  prof>erty  of  causing  a  precijiitate  in  the  normal  serum  t 
animals  of  the  same  group  as  that  w^hose  serum  was  injectec 
but  not  in  the  serum  of  any  other  kind  of  animal.  Thus, 
human  blood  or  serum  is  repeatedly  injected  into  a  rabbi 
the  serum  of  the  rabbit  will  cause  a  precipitate  in  dihited  huma 
blood  or  sernm,  but  not  in  the  blood  or  serum  of  other  animal 
except  that  of  monkeys,  where  a  slight  reaction  may  be  obtainec 
The  s|iecitic  biidies  which  cause  the  precipitation  are  terme 
precipitins.  The  jjhenomenon  has  been  made  the  basis  of 
method  of  distinguishing  human  blood  for  forensic  piurposes. 

Since  changes  l>egin  in  the  blood  as  soon  as  it  is  shed,  bavin 
for  their  outcome  clotting  or  coagulation,  we  have  to  gathf 
from  the  composition  of  the  stable  factors  of  clotted  blood,  c 
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blood  which  has  l^en  artifirially  jircvcnted  from  clolting, 
some  notion  of  the  conipositir>n  of  the  unaltered  fluid  as  it 
rirculates  within  the  vessels.  The  first  step,  therefore,  in  the 
study  of  tlie  chemistry  of  blood  is  the  study  of  coagulation. 

Coagulation  of  the  Blood.— When  blood  is  shed,  its  viscidity 
soon  begins  to  increase,  and  after  an  interval,  varying  with  the 
kind  of  blood,  the  temperature  of  the  air,  and  other  conditions, 
but  in  man  seldom  exceeding  ten,  or  falling  below  three^  minutes, 
it  sets  into  a  firm  jelly.  This  jelly  gradually  shrinks  and 
squeezes  out  a  straw-coloured  liquid,  the  serum.  Under  the 
microscope  the  serum  is  seen  to  contain  few  or  no  red  corpuscles  ; 
these  are  nearly  all  in  the  clot,  entangled  in  tlie  meshes  of  a  kind 
of  network  of  fine  fibrils  composed  of  librin.  In  uncoagiilated 
blood  no  such  fibrils  are  present  ;  thuy  have  accordingly  been 
formed  by  a  change  in  some  constituent  or  constituents  of  the 
normal  blood.  Now,  it  has  been  sliown  that  there  exists  in  the 
plasma — the  liquid  portion  of  unclotted  blood — a  substance  from 
which  fibrin  can  be  derived,  while  no  such  substance  is  present 
in  the  corpuscles.  In  various  ways  coagulation  can  be  prevented 
or  delayed,  and  the  plasma  separated  from  the  corpuscles.  For 
example,  the  blood  of  the  horse  clots  very  slowly,  and  a  low 
temperature  lessens  the  rapidity  of  coagulation  of  every  kind 
of  blood.  If  horse*s  blood  is  nm  into  a  vessel  surroimded  by 
ice  and  allowed  to  stand,  the  corpuscles,  being  of  greater  specific 
gravity  than  the  plasma,  gradually  sink  to  the  bottom,  and 
the  clear  straw  -  yellow  plasma  can  be  pipetted  off.  Or 
the  addition  of  neutral  salts  to  blood  may  be  used  to  delay 
coagulation,  the  blood  being  run  direct  from  the  animal  into, 
say,  a  third  of  its  volume  of  saturated  magnesium  sulphate 
solution.  The  plasma  may  then  be  conveniently  se))arated 
from  the  corpuscles  by  means  of  a  centrifugal  machine.  Again, 
two  ligatures  mav  l>e  placed  on  a  large  bloiidvessel,  so  that  a 
portion  of  it  can  f)e  excised  full  of  blood  and  suH|)ended  vertically 
(the  so-called  experiment  of  the  '  living  test-tube  ')  ;  coagula- 
tion is  long  delayed,  and  the  corpuscles  sink  to  the  lower  end. 
In  these  and  many  other  ways  plasma  free  from  corpuscles  can 
be  got :  and  it  is  found  that  when  the  conditions  which  restrain 
coagulation  are  removed — when,  for  instance,  the  temperature 
of  the  horse's  plasma  is  allowed  to  rise,  or  the  magnesium  sulphate 
plasma  is  diluted  with  several  times  its  bulk  of  water  ^clotting 
takes  place,  with  formation  of  fibrin  in  all  respects  similar  to 
that  of  ordinary  blood-clot.  The  corpuscles  themselves  ainnot 
form  a  clot.*  From  this  we  conclude  that  the  essential  process 
in  coagulation  of  the  blood  is  the  formation  of  fibrin  from  some 

•  Bird's  coTJUScles.  however.  wa.s1ied  free  {roin  plasma,  will  form  a  riot 
when  lakeil  in  various  ways,  as  by  addition  of  water  or  by  freezing  and 
thawing. 
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constituent  of  the  plasma,  and  that  the  presence  of  coq>uscl 
in  ordinary  blood-clot  is  accidental.  In  accordance  with  th 
conclusion,  we  find  that  lymph  entirely  free  from  red  corpuscl- 
clots  spontaneously,  with  formation  of  fibrin  ;  and  when  iibri 
is  removed  from  newly-shed  blood  by  whipping  it  with  a  bund 
of  twigs  or  a  piece  of  wood,  it  will  no  longer  coagulate,  althoug 
all  the  corpuscles  are  still  there. 

What,  now,  is  the  substance  in  the  plasma  which  is  change 
into  fibrin  when  blood  coagulates  ?  If  plasma,  obtained  in  an 
of  the  ways  described,  be  saturated  with  sodium  chlorid 
a  precipitate  is  thrown  down.  The  filtrate  separated  from  th: 
precipitate  does  not  coagulate  on  dilution  with  water  ;  but  th 
precipitate  itself — the  so-called  plasmine  of  Denis — on  bein 
dissolved  in  a  little  water,  does  form  a  clot.  Fibrin  is  therefoi 
derived  from  something  in  this  precipitate.  Now,  *  plasmine 
contains  two  proteid  bodies — fibrinc^en,  which  coagulates  b 
heat  at  about  56°  C,  and  serwn-globulin,  which  coagulate 
at  about  75°  C,  and  it  was  at  one  time  believed  that  both  c 
these  entered  into  the  formation  of  fibrin  (Schmidt).  Hammei 
sten.  however,  has  shown  that  fibrinogen  alone  is  a  precurso 
of  fibrin  ;  pure  serum-globulin  neither  helps  nor  hinders  it 
formation.  This  observer  isolated  fibrinogen  from  blood 
plasma  by  adding  sodium  chloride  till  about  13  per  cent,  wa 
present.  With  this  amount  the  fibrinogen  is  precipitated 
while  serum-globulin  is  not  precipitated  till  20  per  cent,  o 
salt  is  reached.  After  precipitation  of  the  fibrinogen  the  plasm: 
no  longer  coagiiJates  ;  and  a  solution  of  pure  fibrinogen  cai 
be  made  to  clot  and  to  form  fibrin,  while  a  solution  of  serum 
globulin  cannot.  Blood-serum,  too,  which  contains  abundanc* 
of  serum-globulin,  but  no  fibrinogen,  will  not  coagulate. 

So  far,  then,  we  have  reached  the  conclusion  that  fibrin  i: 
formed  by  a  change  in  a  substance,  fibrinogen^  which  can  b< 
obtained  by  certain  methods  from  blood-plasma.  It  may  b€ 
added  that  there  is  evidence  that  fibrinogen  exists  as  such  ir 
the  circulating  blood  ;  for  if  unclotted  blood  be  suddenly  heatec 
to  about  56°  C,  the  temperature  of  heat-coagulation  of  fibrinogen, 
the  blood  for  ever  loses  its  jiower  of  clotting.  Since  fibrinogen  is 
readily  soluble  in  dilute  saline  solutions  and  fibrin  only  soluble 
with  great  difficulty,  we  may  say  that  in  coagulation  of  the  blood 
a  substance  soluble  in  the  ]>lasma  i>asscs  into  an  insoluble  form. 
But  this  is  not  a  mere  i)hysical  change,  for  it  seems  to  be  initiated 
by  a  splitting  up  of  the  fibrinogen  into  two  proteid  bodies — 
thrombosin  and  fibrinoglobulin — only  the  former  of  which  is 
transformed  into  fibrin,  while  the  latter  remains  in  solution. 

How  is   this  change  determined  when   blood  is  shed  ?     We 
have  said  that  a  solution  of  pure  fibrinogen  can  be  made  to 
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t«,  but  it  does  not  coagulate  of  itself.    The  addition  ol 
other  substance  in  minute  quantity  is  necessary.    This  other 
bstancc  does  not  itseH  seem  to  lie  used  up  in  the  ]irocess,  nor 
<?nlrr  bixliiy  into  thi*  tihriii  formed  :    a  siuall  quantity  of  it 
n  cause  an  indeftnitely  lari^*  amount  of  hhrinog<*n  to  clot  ; 
power  is  abolished  l»y  boiling.     For  these  reu-^ms  it  is  con- 
err*!   In  l>c  ;i   ferment  (p.  279),  and  is  spoken  of  as  fibrin- 
crment  or  thrombin. 

Two  forms  of  fibrin-ferment  have  been  distin^shed  :  a- 
thrombin  .in*l  what  is  prol>abIy  a  mc>dification  of  it.  ^-thrombin, 
Mf  'v-hniidl's  fibrin-ferment.  /?-tlirombin  can  l>o  obtained  by 
itinp  blood-serum,  or  defibrinated  blood,  with  fifteen 
|\  times  its  bulk  of  alcohol,  letting  the  whole  stand  for 
month  or  more,  and  then  extracting  the  precipitate  with  water. 
Ail  ihr  ordinary  proteids  of  the  blood  having  been  rendered 
insoluble  by  the  alcohol,  the  fibrin- 
ent  t>a5s^  into  solution  in  the 
ter,  and  the  addition  of  a  trace 
the  extract  to  a  solution  o\ 
inof^en  causes  co;igulation. 
This  action  of  fibrin-ferment  on 
nogcn  helps  to  explain  many 
prrimenls  in  coagulation.  Thus. 
nsudafions  like  hydrocele  fluid 
not  elot  s|X)ntaneously,  although 
contain  fibrinogen,  which  can 
precipitated  from  them  by  a 
earn  of  carbon  dioxide  or  by 
him  chloride.  But  the  addition 
a  little  fibrin  -  ferment  causes 
drocrlc     fluid    to   coagulate.      So 

.-s    the    addition    of    serum,    not    because    of    the    serum- 

jobulin  which  it  contains,  as  was  once  believed,  but  because 

the  fibrin- ferment  in  it.     The  addition  of  blood-clot,  either 

iiore  or  after  the  corpuscles  have  been  washed  away,  or  of 

'rum-globulin   obtainetl   from   serum,   also  causes   coagulation 

of  hydrocele  fluid,  and  for  a  similar  reason,  the  fibrin-ferment 

having  a  tendency  to  cling  to  t^verything  derived  from  a    liquid 

itatniug  it.     On   the  other  hand,  serum,  which  does  not  of 

!lf  clot,  although  fibrin-ferment  is  present  in  it,  because  the 

►rinogen  has  all  been  changed  into  fibrin  during  coagulation 

the  blood,  can  be  made  to  coagulate  by  the  addition  of  hydro- 

which  contains  fibrinogen.     We  have  thus  arrived  a 

icr  in  our  attempt   to  explain  the  coagulation  of  the 

bkxxi  :  U   is   essenticillv   due  to  the  formation  0/  fibrin   from  the 

ItKO^cn  of  ike  plasma  under  the  influence  of  fibrin-ferment. 


Fig.  5. —  Diagram  or  Clot 
WITH  Burrv  Coat. 

w  lower  portion  of  dot  with 
red  c'jrpusclcs  ;  w,  white  cor- 
puscles in  upprr  Uycr  of  r!o(  ; 
f,  cupped  upper  surface  of  clot  : 
«,  ftcrtim. 
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The  Formation  of  Fibrin-ferment  from  its  Precursors. - 

There  is  good  reason  to  Mieve  that  a-thrombin  is  fnrmed  h 
the  interaction  of  tliree  factors  :  (i)  A  sulistaiire  which,  sin< 
it  is  a  precursor  of  thrombin,  is  called  thrombogen.  It  is  mainl 
derived  from  thi'  blood-plates  after  the  blood  is  shed,  althoug 
a  certain  amount  of  it  is  already  present  in  the  cirrulatin 
plasma.  (2)  A  substance  liberated  fiotn  tlie  formed  elemcn 
of  the  shed  blood,  but  which  can  be  obtained  also  from  the  cells  < 
all  tissues.  Since  it  acts  upon  thrombogen,  changing  it  into  fullj 
formed  thrombin,  much  in  the  same  way  ascntero-kinase  (p.  30: 
acts  upon  trypsinogen,  changing  it  into  fully-formed  tryi)sin, 
is  called  thrombokinase  (Morawitx).  (3)  Calcium  ions.  Tt 
following  experiments  illustrate  the  role  of  these  three  factors; 

The  plasma  obtained  by  drawing  off  bird's  blood — e.g.,  t\ 
blood  of  a  fowl  or  goose^through  a  (perfectly  clean  cannula  in< 
a  perfectly  clean  vessel,  without  contact  with  the  tissues,  an 
then  rapidly  ccntrifugalizing  off  the  formed  elements,  can  t 
kept  uncloltcd  for  days  and  even  weeks.  The  addition  of 
small  amount  of  tissue  extract  (procured  by  rubbing  up  blood 
free  liver,  thymus,  muscle,  or  other  organs  with  sand,  and  es 
tracting  for  several  hours  with  salt  solution)  to  the  bird's  plasm 
causes  rapid  coagulation.  The  plasma  contains  thromboge 
and  calcium  salts,  but  is  lacking  in  thrnmliokinase,  which  1 
supplied  by  the  tissue  extract.  A  solution  of  fibrinogen  coil 
taining  cakiuni  will  clot  if  serum,  in  which  fibrin-ferment  is  alwajl 
present,  he  added.  It  will  not  clot  on  addition  of  tissue  extrac 
alone,  nor  on  addition  of  bird's  plasma  alone  (obtained  as  above) 
but  will  readily  coagulate  if  both  tissue  extract  and  bird' 
plasma  be  added.  Therefore,  something  in  the  bird's  plasm 
(thrombogen),  plus  something  in  the  tissue  extract  (thrombo 
kinase),  produce  in  the  presence  of  calcium  the  same  effect  a 
the  thrombm  of  serum.  It  can  be  shown  that  calcium  is  onl; 
necessary  for  the  formation  of  the  fibrin-ferment,  but  not  fo 
its  action  on  fibrinogen.  For  instance,  a  calcium-free  solutioi 
of  filrinogen  can  be  made  to  clot  by  senim  from  which  th 
calcium  has  been  removed. 

If  a  soluble  oxalate  (potassium  or  ammonium  oxalate)  i 
mixed  with  freshly-drawn  dog's  blood  to  the  amount  of  0-2  o 
0*3  per  cent.,  the  blood  remains  unclotted.  Tlir  plasma  separate* 
from  this  oxalated  blood  contains  both  throml>ogen  and  throra 
bokinase,  but  it  does  not  coagulate,  because  (he  calcium  ha 
been  precipitated  out  in  the  form  of  insoluble  calcium  oxalate 
In  the  absence  of  calcium  ions  the  reaction  of  the  thrombogei 
and  thrombokinase  which  leads  to  the  formation  ol  a-thrombij 
does  not  take  place.  All  that  is  necessar\*  to  bring 
coagulation   is   to  add  calcium  chloride  in  somewhat 


gclH 


THE  CIRCULAT1SG  LIQUIDS  OF  THE  BODY 


27 


IFtn 


^^  ciiri 


juantity  than  is  required  to  combine  with  any  excess  ol  oxalate 

Mresent.     If  more  than  a  certain  amount  of  calcium  be  added 

lotting  IS  hindered  instead  of   being  liolpcd,  so  that  it   is  only 

within    certain    hmits   of   concentration    that    calcium    favours 

agulation.     From  oxalate  plasma  a  nucieo-proteid  or  a  mix- 

rr  of  nucleo-proteids  can  be  separated  which  contains  throm- 

bogcn  and  thrombokinase,  but  little  or  no  calcium,  and  does 

not  cause  clotting,  but  which  on  treatment  with  a  calcium  salt 

acquires  the  properties  of  fibrin-ferment.     In  the  curious  heredi- 

f         '    ■  .\se  known  as  harmophilia,  a  deficiency  of  calcium  seems 

illy  to  lie  responsible  for  the  diminished  coagulability 

1   tiie  l»lood  ;  and  the  internal  administration  of  a  solution  of 

calrium    chloride   has   sometimes   been    thought    to    lessen    the 

ndency  to  haemorrhage,  or  its  local  application  to  cut  short 

actual  attack.     It  is  possible  that  in  some  cases  there  may 

want  of  thrombokinase  in  the  blood  or  in  the  cut  tissues, 

that  the  application  of  normal  tissue  extract  might  be  of 

benefit  (Practind  Exercises,  p.  48). 

When  sodium  fluoride  is  added  to  freshly-drawn  blood  to  the 

nt   of  o*3   per  cent,   coagulation   is  also  prevented.     But 

is  this  difference  between  oxalate  and   fluoride  plasma — 

t,  although  the  calcium  has  been  precipitated  in  both,  the 

dition  of  calcium  chloride  to  fluoride  plasma  is  not  sufficient 

clotting.      Tissue  extract  containing  thrombokinase 

-^applied  as  well.     In  some  way  or  other  sotlitim  fluoride 

tcrteres  with  the  lil>eration  of  thrombokinase  from  the  formed 

cments  of  the  blood,  and  to  a  small  extent  with  the  liberation 

f  ihrombogen,  although  in  the  concentration  mentioned  it  does 

ot   hinder   the  action  of   fully-formed   thrombin,   as  is  shown 

the  fact  that    fluoride    plasma  coagulates    on    the    addition 

a  little  serum,   which  supplies  fibnn-fernient.      The  fluoride 

ilood  clots  readily  if  it  is  diluted  with  water,  and  at  the  same 

mr  mixeti  with  calcium  chloride  solution,  for  the  water  damages 

(nnned  elements,  and  thus  favours  the  liberation  of  thrombo- 

mase  (Practical  Exercises,  p.  48). 

Wberi  proteoses  (or  peptones)  are  injected  into  the  circulation 

a  dtig  or  goose',  the  bloo<l  is  deprived  of  the  power  of  coagulation. 

le  j»eptone  plasma  must  be  assumed  to  contain  both  thmmbogen 

d  thrombiAinase.  since  it  can  be  made  to  clot  in  various  ways 

.,  by  dilution  witli  water  or  by  slight  acidulation  with  acetic 

)  without  the  addition  of  anything  which  could  supply  either 

these   factors.     Yet  a  little  tissue  extract  causes  it  to  clot 

urh  more  rapidly  than  simple  dilution  or  acidulation,  and  more 

idiv  than  the  addition  of  senim.     So  that  either  the  throm- 

already   |)resent   in   peptone   plasma  is  present  in  an 

liable  form  or  in  some  way  the  formation  of  thrombin 
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from  its  precursors  is  hindered.  But  this  is  not  the  only  cau 
of  the  incoagulability  of  peptone  plasma.  It  may  be  shov 
to  contain  an  antithrombin,  a  body  which  antagonizes  tl 
action  of  fully-formed  thrombin,  and  which  does  not  seem 
be  a  ferment,  since  it  acts  quantitatively  in  proportion  to  tl 
amount  present.  This  is  the  reason  why,  although  peptoi 
plasma  can  always  be  made  to  clot  by  the  addition  of  fibril 
ferment,  in  serum,  for  instance,  relatively  large  quantities  ■ 
it  must  be  supplied  (Practical  Exercises,  pp.  47,  48). 

An  extract  of  the  head  of  the  medicinal  leech  in  salt  solutic 
prevents  the  clotting  of  blood  both  in  the  test-tube  and  wh€ 
injected  into  the  circulation.  The  plasma  obtained  differs  froi 
peptone  plasma  in  refusing  to  coagulate  unless  tissue  extrac 
is  added.  It  is  therefore  deficient  in  thrombokinase.  Leecl 
extract  also  contains  an  antithrombin,  which  can  be  neutralize 
by  a  sufficient  amount  of  thrombin.  In  the  small  wound  froi 
which  the  leech  sucks  blood  this  sufficient  amount  is  not  presem 
and  the  blood  remains  unclotted,  as  it  also  does  in  the  alimentar 
canal  of  the  leech.  The  anticoagulant  substance  has  bee 
isolated,  and  gives  the  reactions  of  an  albumose. 

Sources  of  Thrombogen  and  Thrombokinase. — It  ha 
already  been  stated  that  some  thrombogen  exists  in  the  cii 
culating  plasma.  This  is  shown  by  the  fact  that  fluoride  plasm 
obtained  from  blood  drawn  directly  through  a  wide  cannula  int 
sodium  fluoride  solution,  with  all  precautions  to  prevent  altera 
tion  of  the  blood,  and  immediately  separated  from  the  formei 
elements  by  the  centrifuge,  will  clot  on  the  addition  of  tissu 
extract.  There  can  be  no  question  that  in  shed  blood  the  stor 
of  thrombogen  is  speedily  and  greatly  increased,  and  the  bes 
evidence  points  to  the  blood-plates  as  the  source  of  the  throm 
bogen.  When  blood  is  run  into  a  solution  of  fluoride  am 
immediately  centrifugalized,  many  of  the  blood-plates  remaii 
in  suspension  in  the  plasma  after  the  erythrocytes  and  leuco 
cytes  have  settled.  By  repeating  the  centrifugalization  of  tht 
plasma  the  blood-plates  can  be  obtained  practically  free  fron 
other  formed  elements.  If  the  plasma  is  now  washed  awa} 
with  salt  solution  and  the  plates  suspended  in  water,  the  sus 
pension  exhibits  all  the  characters  of  a  strong  solution  of  throm^ 
bogen,  causing,  for  instance,  in  the  presence  of  tissue  extract 
and  calcium  ions  rapid  coagulation  of  a  solution  of  fibrinogen 
Hitherto  the  only  elements  which  have  yielded  thrombogen — 
at  least,  in  appreciable  amount — are  the  blood-plates.  Throm- 
bokinase is  not  present  in  the  circulating  plasma.  In  shed  and 
clotting  blood  which  has  not  been  allowed  to  come  into  contact 
with  cut  tissues  the  only  possible  sources  of  thrombokinase,  so 
far  as  we  know,  are  the  corpuscles  and  the  blood-plates.     The 
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red  corpuscles  we  may  at  once  dismiss,  for  although  the  stroma ta, 
especially  of  nucleated  coqiusclcs,  contain  thrombokinase,  or 
can  under  artificial  conditions  be  made  to  develop  that  action 
on  coagulation  by  which  we  recognise  its  presence,  not  only  do 
|U>cy  nrmain  intact  under  ordinary  circumstances  during  coagula- 
■kin.  but  there  is  strong  evidence,  as  has  already  been  jxiinted 
■jL  Ihal  they  do  not  make  any  essential  contribution  to  the 
^pobess.  We  have  left  over  the  leucocytes  and  the  platelets, 
Kfui  it  is  highly  |)robuble  that  from  lx)th  thrombnkinase  is 
liheratpd  in  the  tirst  moments  after  blood  is  drawn,  and.  acting 
lim  the  thrombogcn  already  present  in  the  plasma  and  on  that 
set  free  from  the  platelets,  changes  it  into  actual  fibrin-ferment. 
This  surmise  is  strengthened  by  the  fact  that  in  freshly-shed 
Bunmalian  blood  extensive  destruction  of  blo<xl-pIates  takes 
Diacc  ;  and  Hardy  has  shown  that  the  blood  ol  tlie  crayfish, 
bhich  coagulates  with  extreme  rapidity,  contains  certain  colour- 
Bc*6  corpuscles  which,  immediately  it  is  withdrawn,  break  up  with 
■iT|ilmlvf  suddenness,  and  that  substances  which  hinder  the 
Breaking  up  of  these  corpuscles  restrain  coagulation.  In  the 
Bdood  of  some  mammals  (rabbit)  many  leucocytes,  esjjecially 
Kbc  polymoqihonuclear  leucocytes,  disappear,  but  in  man,  the 
big,  and  the  ox  this  is  not  the  case.  It  must  be  remembered, 
■Dowcver.  that  the  leucocytes  in  shed  blood,  without  actually 
■being  destroyed,  may,  under  the  influence  of  what  is  for  them 
B  toncign  environment,  undergo  changes  which  jiermit  the  escape 
BftBhrombokinase  and  other  substances.  Further,  the  white 
H^^  or  '  btiffy  coat  '  which  tops  the  tardily- formed  clot  of 
nione's  blofxl  (Fig.  5],  and  consists  of  the  lighter,  and  therefore 
kiare  slowly  sinking,  platelets  and  white  corpuscles,  causes 
fcottuig  in  otherwise  incoagulable  liquids  like  hydrocele  fluid, 
much  more  readily  than  the  red  portion  of  the  clot,  and  yields 
Uar  morr  oi  Schmidt's  fibrin-ferment  on  treatment  with  alcohol. 

I  In  blfKid  collected  in  paraffined  vessels,  so  as  to  delay  clotting, 
bnd  ]mme<.liately  centrifugalized  coagulation  is  seen  to  begin  in 
bnd  around  the  layer  of  white  elements,  and  then  to  spread 
upwards  in  the  stratum  of  plasma  and  downwards  in  the  stratum 
■Df  erythrocytes. 

b\  Thrombokinase  has  not  only  lx*en  shown  to  exist  in  the 
Re«' fM-\f es,    the   platelets,    and    the    stromata   of    the   coloured 

I I  ■  s,  but,  as  already  stated,  in  all  tissues  hitherto  examined. 
Ll  -  -  idinary  circumstances  it  api>ears  that  a  larger  amount 
fef  thromlx>gcn  is  liberated  in  shetl  blood  than  can  be  changed 
^^B  thrombin  by  the  thrombokinjise  set  free,  since  scrum 
^Hn-ins  4  surplus  of  thrumbogen  in  addition  to  the  fully-formed 
TSlUUit.  This  is  shown  by  the  fact  that  the  activity  of  a  given 
-twnlttv  of  serum  in  causing  the  coagulation  of  a  plasma  not 
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Spontaneously  coagulablc  or  of  a  fibrinogen  solution  is  in- 
creased by  the  addition  of  tissue  extract  (containing  throm- 
bokinase). 

/  To  sum  upj  we  may  say  that  when  blood  is  sh^rd  fibrin- ferment 
\a-thnmtbin)  is  rapidly  formed  by  the  action  of  thromhokinase, 
liberated  from  the  leucocytes,  the  blood- plates,  and  possibly  to  somi 
extent  from  the  erythrocytes,  upon  Ihrombogen,  derived  mainly 
from  the  blood-plates,  but  also  already  present  in  the  circulating 
plasma.  Further — and  this  is  of  ^reat  practical  importance — since 
I  no  vessel  is  op.ned  under  ordinary  circumstances  except  through  a 
I  wound  in  the  overlying  structures^  the  ctU  tissues  supply  a  store 
of  thrombokinasc  at  the  point  wJierc  it  is  required  to  aid  in  the 
stanching  of  the  wound.  Calcium  ions  are  essential  to  tfw  reac' 
tion  by  which  thrombogen  and  throtnbokinase  form  fibrin-ferment^ 
but  are  not  necessary  for  thai  action  of  fibrin-jerment  un  fibrinogen 
by  which  fibrin  is  produced  {Practical  Exercises,  pp.  46-48). 

Botli  thromlx)gcn  and  tlirombokinase  have  close  relations  with 
a  substance  or  substances  hclonginit(  to   the  group  of  nucleo- 
protcids.     If  they  are  n(>t  actuaJly  nudeo-]>roteids.  thoy  chng 
to  them  with  such  tenacity  that  it  is  not  easy  by  ordinary  means 
to  separate  them.     Thus  nucleo-proteid  can  be  obtained   from 
solutions  of  fibrin-ferment,  and,  by  appropriate  treatment  and 
in  the  presence  of  proper  conditions,  solutions  of  nucleo-proteid 
can  he  made  to  influence  coa^ulaticjn  in  the  way  characteristic 
of  fibrin-ferment.     Nudeo-proteids  are  contained  in  the  nuclei 
and   protoplasm   of   cells,    and   have    been    prepared   from    the 
thymus,  testis,  kidney,  lymj>hatir  glands,  and  other  organs,  by 
precijntaling  their  watery  extracts  with  dihite  acetic  acid  (Wool- 
dridge),  or  by  extracting  with  sodium  chloride  ami  then  pre-  1 
cipitating  with  excess  of  water  (Halliburton).     The  precipitated 
nucleo-proteid   can    be    dissolved    in    tlilute    sodium    carbonate  ' 
solution.     When  it  is  injected  slowly  or  in  small  amount  into 
the  veins  of  an  ainnial,  it  abolislies  for  a  time  the  power  of  coagula-  | 
tion  of  the  blood  ;  and  when  this  '  negative  phase,'  as  it  is  called,  j 
has  been  once  establislietl,  even  a  very  large  and  rapid  injection 
produces  no  further  effect,  possibly  because  an  antibody  which  ' 
neutralizes   the   action   of   tlirombokinase   has   been   produced.  | 
II,  however,  a  considerable  quantity  of  the  solution  has  been  J 
injected   at   the   first,    the   result    is   very  different  ;    extensive  I 
intravascular  clotting  instantly  ensues  ;  the  animal  dies  in  a  few 
minutes  ;  and  the  right  side  of  the  herirt,   ihe  vena*  cava;,  the  ^ 
portal  vein,  and  perhaps  the  pulmonary  arteries,  may  be  found  ' 
choked    with    thrombi.     Here    the    injected    tlirombokinase    is 
res[X)nsible  for  the  clotting,  thrombogen  and  calcium  ions  lining 
already  present.     Curiously  enough,   these  effects  are  not   pro- 
duced, or  axe  produced  with  dilbculty,  in  albino  rabbits  or  in 
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Korway  hares  in  their  albino  condition.  Intravascular  coa^a- 
pon  is  csi>ecially  striking  in  birds  on  injection  of  tissue  extracts. 
I  To  a  certain  extent  the  action  of  nuclco-proteid  in  coafjula- 
jbon  can  be  imitated  by  otlier  substances  of  animal  origin,  such 
'%s  the  albunioses  of  snake  venom  (Martin),  and  even  by  CLTtaiti 
anihci^il  jiroducts  of  the  laboratory,  the  syntliesizcd  colloids  ol 
Griinaux.  which,  when  injected  into  the  blood,  produce  the 
same  phenomena  of  intravascular  coa^^ulation  down  to  the 
[(finest  detail,  and  including  the  negative  phase.  It  is  not  known 
ntrhether  these  substances  act  on  the  blood-plates,  leucocytes, 
tor  other  cells,  and  thus  cause  an  increased  production  or  an 
increased  liberation  of  one  or  more  of  the  precursors  of  fibrin- 
[lerment,  or  whether  they  take  part  directly  in  its  formation. 

h     Iws    already    been    stated     that    Schmidt's    fibrin  -  ferment 

<;l-thrombin )  is  not   identical  with  the   a-thronibin  whose  mode  of 

^lormAtion  or  of  activation   we   have  been   describing.     It  ditlcrs 

^^toCSAlly  in  tliis.  that  it  is  deprived  from  a  tnoi  her -substance  (^-pro- 

^^Knbin.  ^-s  it  may  be  calk'<l).  which  exists  in  serum,  but  not  in 

PBSotted  blood  ur  plasma,  antl  thcreloie  arises  during  coagulation. 

T'urthcr.   although   this   mothur-substance   is   only   produced   when 

[coagulation  takes  place  in  the  presence  of  calcium,  calcium  is   not 

mixcssary.  as  in  the  case  of  the  precursors  of   a-thrombin,  for  the 

BaMersion  of  /^-prothrombin  into  the  active   ferment  ,4-tlirombin. 

^^KcliAnge  c^n  be  effected  by  the  addition  of  acids  (thanks  to  the 

^^Byxin^  action  [p.  379]  of  the  hydrogen  ions),  of  alkaUes  (through 

^^Bvdrnvvl  ions),  or  of  alcohol  (;ls  in  Schmidt's  method  of  obtaining 

^^B-fcrment).     Thus  serum  which  is  kept  for  a  (cw  days  at  room 

^^Bcraturr  loses  its  power  of  causing  or  hastening  the  coagulation 

I^B  ftbnno^cn  solution.     Active  6bhn  ferment  is  therefore  absent. 

nnd  it  can  be  shown  by  appropriate  treatment  with  calcium  chloride 

ItUat  no  proferment  which  can  be  activated  by  calcium,  and  therc- 

Hiire  no  orofcrmcnl  of  a-thrombin,  is  present.     If  this  inactive  serum 

Bft  cuixed  with  an  cqu.%1  volume  of  decinormal  acid — e.^.,  sulphuric 

faMt—  and  after  twenty  or  thirty  minutes  again  neutralized  with  a 

HKd.ud  alkaline  solution,  it  ts  found  to  have  accpiirod  the  power  of 

ciittnag  rapid  clotting  of  fibrinogen  solutions.     A  similar  exi>erimcnt 

performed    with   decinormal    sodium    hydroxide    yields    the   same 

mult,    and    succc*eds    c<pially    well    when    the   calcium    has   been 

previously    precipitated    from    the   scrum   by    ammonium   oxalate. 

ibe  simplest  explanation   of   these   facts   is   ttiat  serum   contains, 

besides     ■-thrombm,     the     mother  -  substance    (jii-prothrombin)    of 

«xu>tbcr    ferment   (;j-tlirombin),   wtiich  is  identical   with    Schmidt's 

6brin-!crmcnt.     When  serum  is  allowed  to  stand  the  a-tlirombin  is 

IK*  rendered  inactive.     As  already  mentioned,  /^-prothrombin 

tbiy  produced  by  a  chanj^e  in  a-tlirombin  or  m  its  precursors. 

'tiMO  precise  relationshi  p  between  them  is  still  unknown.     That 

a  change  may  take  place  without  the  loss  of  the  characteristic 

of   a   fibrin-ferment   is   indicated   by    the   fact   that   the 

inVbin  of  anv  particular  kind  of  vertebrate  bloixi  has  no  marked 

Action — that  is.  will  cause  coagulation  insolutionsof  hbrinogen 

oi  voiy  ditlerent  orij^in.     For  example,  the  sera  of  all 

hitherto  investigated  induce  clotting  in  goose's  plasma. 
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On  the  other  hand,  it  appears  that  a  greater  degree  of  specificit 
exists  in  the  case  of  the  thrombokinase  and  thrombogen,  th 
specificity  being  absolute  in  some  cases,  relative  in  others.  That  i 
to  say,  the  thrombokinase  .of  one  animal  may  activate  the  throni 
bogen  of  an  animal  of  another  group,  while  it  may  fail  to  activat 
the  thrombogen  of  an  animal  belonging  to  a  third  group.  But  it  wi 
always  activate  the  thrombogen  of  an  animal  of  me  same  kind. 

So  far  we  have  been  considering  the  problem  of  coagulatioi 
as  if  all  the  data  for  its  solution  could  be  obtained  by  a  study  o 
the  blood  itself.     In  other  words,  our  main  business  up  to  thi 
point  has  been  the  explanation  of  coagulation  in  the  shed  blood 
it  has  been  only  incidentally,  and  with  the  object  of  casting  ligh 
on  the  question  of  extravascular  clotting,  that  we  have  touchec 
on  the  coagulation  of  the  blood  within  the  living  vessels.     It  i 
not  possible  here  to  adequately  discuss,  nor  even  to  define,  thi 
differences  between  the  two  problems.    All  we  can  do  is  to  wan 
the  student,  and  to  emphasize  our  warning  by  one  or  two  illus 
trations,  that  valuable  as  is  the  knowledge  derived  from  experi 
ments  on  extravascular  coagulation,  it  would  be  totally  mis 
leading  if  applied  without  modification  to  the  circulating  blood 
For  instance,  we  have  recognised  in  the  leucocytes  and  blood- 
plates  an  important  source  of  the  thrombokinase  which  plays  sc 
great  a  part  in  the  clotting  of  shed  blood  ;  but  we  may  be  sure 
that  leucocytes  and  blood-plates  are  constantly  breaking  down 
in  the  lymph  and  the  blood,  and  we  have  to  inquire  how  it  is 
that  coagulation  does  not  occur,  except  in  disease,  within  the 
vessels.     Calcium   is   not   wanting    to   the   circulating   plasma, 
fibrinogen  is  not  wanting,  and  it  has  already  been  mentioned 
that  a  certain  amount  of  thrombogen  exists  in  perfectly  fresh 
and,  as  we  may  say,  still  living  blood.     Why,  then,  does  it  not 
coagulate  ?     Some  have  said  that  coagulation  is  '  restrained ' 
l)y   the  contact   of   the   living  walls  of   the   bloodvessels ;   but 
although  it  is  certain  that  the  contact  of  foreign  matter — and 
all  dead  matter  is  foreign  to  living  cells — does  hasten  the  destruc- 
tion of  leucocytes  and  blood-plates  or  that  alteration  in  them 
on  which  the  liberation  of  the  precursors  of  the  ferment  dep>ends, 
it  is  evident  that  it  is  just  this  '  restraining '  influence  of  the 
vessels,  if  it  is  due  to  anything  more  than  the  mere  smoothness  of 
their  endothelial  lining,   which  has  to  be  explained.     The  best 
answer  which  can  be  given  to  the  question  is :  First,  that  the 
quantity  of  thrombokinase  free  in  the  plasma  at  any  given  time 
must  ho  small,   since  no  evidence  of   its   jiresence   in  fluoride 
plasma  can  be  obtained.      If  thrombokinase  is  liberated  in  the 
circulating  blood,  we  may  assume  that  it  is  changed  into  some 
inactive  substance  or  quickly  eliminated.     And  it  appears  that, 
unlike  the  true  ferments,   thrombokinase  acts  quantitatively — 
i.e.,  in  proix>rtion  to  its  amount — ujwn  thrombogen.    Second, 
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an  antithromhin  exists  in  the  circulating  plasma,  and  even  if 
folly  formed  fibrin-ferment  were  present,  it  could  not  cause 
coa^ilation  until  the  antithrombin  had  been  neutralised.  This 
anlithrombin  is  probably  not  manufactured  in  the  blood,  or 
at  least  not  exclusively  in  the  blo[*d,  but  in  the  tissues, 
ami  there  is  no  reason  to  deny  the  vessels  themselves  a  share 
in  its  production.  So  that  li\-ing  blood  within  the  living 
*ls  may  be  said  to  be  acted  upon  by  two  sets  of  influences. 
tending  to  favour  coagulation,  the  other  to  oppose  it.  Under 
conditions,  the  processes  that  make  for  coagulation 
obtain  the  upi>er  hand  ;  but  anythmg  which  interrupts 
circulation,  and  consequently  the  free  interchange  between 
and  tissues,  mterferes  with  the  elimination  or  neutraliza- 
of  the  precursors  of  fibrin- ferment,  and  with  the  entrance 
»f  the  substances  that  render  the  fully-formed  ferment  inactive. 
In  lb«  clotting  of  extravascular  plasma,  free  from  corpuscles, 
w«  may  indeed  see  the  continuation,  under  modified  conditions, 
oi  a  normal  process  always  going  on  within  the  bloodvessels. 
the  lungs  it  would  seem  that  the  forces  which  favour  coagula- 
are  feeble,  or  the  forces  that  resist  it  strong,  for  blood,  after 
Lssmg  many  times  through  the  pulmonary  circulation  without 
•mg  allowed  to  enter  the  systemic  vessels,  loses  its  pjower  of 
>lting. 

The  liver  is  another  organ  whose  relations  to  the  coagiUation 
the  blood  are  [>eculiar.  We  have  already  mentioned  that  the 
ijrction  of  commercial  peptone,  which  consists  chiefly  of  pro- 
into  the  blood  of  dogs  causes  it  to  lose  its  coagulability. 
effect  gradually  passes  away,  till  after  some  hours  the  original 
of  coagulation  is  restored  (p.  47).  The  liver  is  known 
intimately  concemeii  in  the  production  of  ihis  remarkable 
lit,  for  if  the  circulation  through  it  l)e  interrupted,  the  injec- 
>n  of  proteose  is  meflective.  Further,  if  a  solution  of  proteose 
is  artificially  circulated  through  an  excised  liver,  a  substance 
is  formed  which  is  capable  of  suspending  the  coagulation  of 
bkiod  outside  of  the  body,  a  property  which  proteoses  themselves 
not  [)osses5,  or  possess  only  in  slight  degree.  It  is  not  believed 
lal  the  proteose  is  actually  changed  into  this  antithrombin, 
but  rather  that  the  liver  cells  produce  it  as  a  '  reaction  *  to 
presence  of  the  foreign  substance,  being  perhajjs  stimu- 
i  in  some  way  by  the  circulating  proteose.  Under  certain 
iditions.  some  of  which  are  known  and  others  not,  the  injection 
of  one  or  other  of  the  j^urified  j^roteoses  causes  not  retarda- 
m.  Imi(  hastening,  of  coagulation  :  and  if  this  has  l^een  the 
It  of  a  first  injection,  a  second  Is  equally  unsuccessful.  It 
)lc  that  by  an  effort  of  the  organism  to  restore  the 
roagulability  of  the  blood,  on  which  its  very  existence 
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depends,  substances  which  favour  coagulation  are  producwl,  and 
that  the  result  of  an  injection  of  jiroteobC  is  deteiTuined  by  tlie 
relative  amount  of  coaj^ulant  and  anticoagulant  secreted  in  a 
given  time.  Protamine  (products  obtained  from  the  ripe  milt  of 
certain  fishes,  and  believed  to  be  the  simplest  protcids)  exert, 
when  injected  intravenously,  a  retarding  influence  on  coagula- 
tion, and  lower  the  blood-pressure,  just  as  albumoses  do  (Thomp- 
son). Even  scrum-albumin,  and  scnim-globidin  possess  this 
property  tn  some  degree.  All  these  substances  also  cause  a 
diminution  in  the  number  of  leucocytes  in  the  blood  owing,  in 
the  case  of  albvunose  at  any  rate,  to  their  accumulation  in  the 
abdominal  vessels,  and  not  to  any  actual  destruction  of  them. 
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The  Chemical  Composition  of  Blood. 

The  serum  of  coagulated  blood  represents  the  plasma  minus 
fibrinogen  (or  its  thrombosin  element)  ;  the  clot  represents  the 
corpuscles  plus  fibrin.     Thus  : 

Plasma-  Fibrin(ogcn)  =  Serum. 

CorpxAScles  +  Fibrin  —  Clot. 

Plasma  +  Corpuscles  ^  Scrum  -hClot-  Blood. 

Bulky  as  the  clot  is,  the  quantity  of  fibrin  is  trifling  (o-2  to  0*4 
cent,  in  human  blood).     Tin-  jilasma  contains  about  10  per  cent 
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of  solids,  the  red  corpuscles  about  40  per  cent.,  the  entire  blood 
about  20  per  cent. 

Serum  contains  8  to  <j  J^e^  cent,  of  proteids,  about  0-8  per  cent, 
of  inorganic  salts,  and  small  quantities  of  neutral  fats,  urea, 
kreatin,  giape-sugar,  lactic  acid,  and  other  substances.  The 
chief  proteids  are  serum-albumin  and  serum-globulin.  In  the 
rabbit  the  former,  in  the  horse  the  latter,  is  the  more  abundant  ; 
in  man  they  exist  in  not  far  from  equal  amount.  A  small 
quantity  of  nucleo-proteid  (which  is  either  the  fibrin-fenneut  or 
is  clf>sely  united  with  it)  and  of  fibrino-globuh'n  (the  soluble 
product  formed  from  fibrinogen  in  clotting)  is  also  present. 

The  quantitative  composition  nf  serum,  especially  as  regards  the 
inorganic  salts,  is  remarkably  constant  in  animals  of  the  same 
si>ecies,  and  even  in  animals  of  ditiercnt  species  belonging  to  the 
same,  or  to  not  very  widely-separated,  natural  groups.     I 


THE  CIRCULATING  LIQUIDS  OF  THE  BODY 


35 


btood«d  animals  the  serum -albumin  is  scantier  than  in  mammals, 
the  globulin  relatively  more  plentiful. 

S«nuM-a/6umin  belongs  to  Uic  class  of  native  albumins.  It  has 
been  obtained  m  a  crvstalline  form  from  the  serum  of  horde's  blooci. 
It  u  soluble  in  (iistilled  water,  and  is  not  precipitated  by  saturating 
lt»  aolutioas  with  certain  neutral  salts.  Heated  in  neutral  or 
^chtly  aud  aolutioQ,  it  coagulates  hrst  at  y}"",  then  at  77",  then  at 
1^  C  But  tius  IS  not  sufficient  proof  that  it  consists  of  a  mixture 
of  thrM  proteids.  as  has  been  held. 

S^rmm'fhbuiin  belongs  to  the  globulin  group  of  proteids.  When 
beftted,  it  coagulates  at  about  75^  C.  (p.  5).  It  is  insoluble  in  dis- 
tilled water,  and  is  precipitated  by  saturation  with  such  neutral 
ia]ts  as  magnesium  sulphate  or  by  half-saturation  with  ammonium 
sulphate.  It  has  lately  been  shown  that,  as  thus  oUtamcil,  it  is  a 
nuxtarc  of  two  proteids  -cu-giobuitn,  which  can  bo  precipitated  from 
Ita  •abac  solution  by  dialyzmg  off  the  salts,  and  pseudo-ghbultn, 
wbicb  cannot  be  so  precipitated. 

Of  the  Lncirganic  salts  of  serum.  the]most  important  arc  sodium 
chloride  and  sodium  carbonate.  Small  amounts  of  potassium, 
■•itkintn,  and  magnesium,  united  with  phosphoric  acid  or  chlorine, 
a  trace  of  a  fluoride,  arc  also  present. 
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1  ^ht  ;  B,  Uyer  of  blood  :  C.  coUimaii>r  iox  rLuderiug  rays  parallel 


The  Red  Corpuscles  consist  of  rather  less  than  60  per  cent. 
water  and  rather  more  than  40  per  cent,  of  solids.     Of  the 

ImIs  the  pigment  haemoglobin  make*  up  about  go  per  cent.  ; 

e  jwotejds  and  micleo-proteid  of  the  stroma  about  8  yyex  cent.  ; 

ilhin  and  choleslerin  less  than  i  per  cent.  ;  inorganic  salts 
(which  vary  greatly  in  their  relative  proportions  in  different 
animals,  but  m  man  consist  chiefly  of  phospiiates  and  chloride 
ol  potassium,  with  a  much  smaller  amount  of  sodium  chloride) 
x-3  per  cent. 

H^mogMfin, — Of  all  the  solid  constituents  of   t)xc  blood  haemo- 

ti  present  in  greatest  anKuint.  constitutinii;.  as  it  does,  no  lese 

lilt,,  by  weight,  of   that  liquid.     It  i&  an  exceedingly 

I  .  containing  carlwn.  hydrogen,  nitrogen,  and  oxygen 

icii  til'-  -^.ime  proportions  in  which  they  exist  in  proteids  (p.  i ), 

iA  also  present  to  the   extent  of   almost  exactly  one-third  of 

ooot.*  and  there  is  also  a  little  sulphur,  the  amount  of  which 

3—2 
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stands  in  a  very  simple  relation  to  the  q^uantity  of  iron  (i  atom  « 
iron  to  3  of  sulphur  in  dog's  hsemoglobm,  and  1  atom  of  iron  1 
2  of  sulphur  in  tnc  haemoglobin  of  the  horse,  ox,  and  pig).  Haern* 
globin  ap])cars  to  be  made  up  of  a  proteid  element  which  contaii 
all  the  sulphur  and  a  pigment  which  contains  all  ^e  iron,  tl 
proteid  constituting  by  far  the  larger  portion  of  the  gigantic  molecul 
whose  weight  has  been  estimated  at  more  than  16,000  times  that  of 
molecule  of  hydrogen.  Since  its  percentage  composition  is  sti 
undetermined  with  absolute  precision,  it  is  impossible  to  give  a 
empirical  formula  that  is  more  than  approximately  correct.  F< 
dog's  haemoglobin  Jac^uet  gives  C7tHHtaogNi«SaFeOnH*  which  woul 
make  the  molecular  weight  16,669. 

The  most  remarkable  property  of  hxmoglobin  is  its  pow< 
of  combining  loosely  with  oxygen  when  exposed  to  an  atm< 
sphere  containing  it,  and  of  again  giving  it  up  in  the  presence  < 
oxitlizablc  substujices  or  in  an  atmosphere  in  which  the  partii 
pressure  of  oxygon  (pp.  219,  223),  has  been  reduced  below 
certain  limit.  It  is  this  property  that  enables  hsemoglobin  t 
jK^rform  the  jnirt  of  an  oxygen-carrier  to  the  tissues,  a  functio 
of  the  tii-st  imiHirtance,  which  will  be  more  minutely  considere 
wlicn  wo  come  to  deal  with  respiration. 

The  briglit  roti  colour  of  blood  drawTi  from  an  artery  or  c 
vontnis  bkKxl  after  free  exix>sure  to  air  is  due  to  the  fact  that  th 
hienii^lobin  is  in  the  oxidized  state — in  the  state  of  oxyhaemc 
globin,  as  it  is  ciilletl.  If  the  oxygen  is  removed  by  means  c 
rt\hjciiig  agents,  such  as  ammonium  sulphide,  or  by  exposur 
to  the  vacuum  of  an  air-pump,  the  colour  darkens,  the  blood 
pigment  Ix^ng  now  in  the  form  of  reduced  hsemoglobin.  I: 
oniuiary  venous  bUnxl  a  large  projwrtion  of  the  pigment  is  i 
this  condition,  but  there  is  ;d\^-ays  oxyha^moglobin  present  a 
well.  In  xisphyxia  ^v  .105^  however,  the  whole  of  the  oxyluemc 
j;lobm  may  dis^ipjvar- 

C^^.<:M'i:.t:^•.^H  .*:  //.;'w^y/vV*-i«. — In  the  cirvulating  blood  th 
hxmojilobin  is  rvKitixl  m  suoh  a  way  to  the  stroma  of  the  corpuscle 
that,  .lUhous:h  th*'  Utter  aiv  susjWded  in  a  Uquid  iradily  capable  c 
diss*.*K  uij;  tho  pij;mont,  it  yet  remains  under  ordinar\'  circumstance 
stiw:K  withiu  them.  l:x  a  tew  in\"ertebraios^  howe\-er.  it  is  normalh 
m  iu.^iu:ion  in  the  cxtvuKitiUj;  liquid.  As  a  rare  occurrence  hzmo 
3;K»biii  :i'.a\  torin  cr\sT.U*  tusido  the  Cvir^^uscles  (r.  5  ;>.  When  it  is  ii 
«ui\  \\a\  b:v^v.s;ht  lutv^  s^^luiiou  v^uiside  the  N>^y,  it  shows  in  man^ 
Aiu:v.,vts.  bv.:  :io;  '.r,  the  s^iVAo  desiree  m  jJL  a  tendency  to  crystailiza 
t:o;x ;  a:\vl  tV.c  o-*:*"  with  which  cr\TStalU«jition  con  be  induced  is  i] 
«\\c:>c  v:v*".v,:u':x  tv^  th.o  s*.^l;;l>:hry  v^t  the  hjemv»«:iobui.  Thus,  it  t 
t.1!,  v*.v"-v  vhth^v/.t  tv*  oV^-v^:*-'.  c:\*:.ils  ot  vvxyhJtmo^lobui  troxn  humai 
Mvyvl  th--*v-  ruv".  :''.o  VUsxl  o;  :'..*  ra:.  jiu'.r.eA-in^:.  or  dv^.  whocse  blood 
vuv.xr.t  *s  U*s*  s*.'*.v.':vo  :>.,»'.'.  thar  ot  v.^uv.  aiid  tor  a  hke  reast>a  tfai 
o\\h-ev.!o<;U^:r.  o:  :>.o  V-.v>;.  :ho  r.vbb::.  or  the  rr\\;  or>-stjdb-ties  stil 
teiss  •v.vo.:'\  :h-»v.  '.hu:  .t  hv.*va:;  Mvxxl, 

V>  to  the  v; •-*.*.  o;  :h<-  .:\>i:.Cs.  vj.  the  \ast  r:;::j.yr-.tv  ot  ^nimjtl. 
thc\  .f.v  :ho-.v>u-  ;*i:*.div-s  or  seexiink  bet  ut  ttae  ji-uise^-pt^  tbev  axi 
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tBtmhcdrA  belonnng  to  tho  rliombic  systeiti,  and  in  the  squirrel 
ux-aidcd  pl.ites  of  the  hexagonal  system  (Fig.  9). 

KeUuctM   lut-moglobin  caii  also  be  caused  to  crystallize,   thougli 

inorir  difficulty  tluin  oxyha-mofllobin.  since  it  is  more  soluble, 

i^ils  of   reduced   haimoglobin  were   first   prepared   from   human 

bliAKl  b>*   Mufner.  who  allowed  it  to  putrety  in  scaled  tubes  for 

several  vrccks. 

When  a  solution  of  oxyhsemoglobin  of  moderate  strength  is 
csnunined  with  the  spectroscope,  two  well-marked  absorption 


Oirylwfnoelobio 


Redooed  tucmoglobin 


Bi;ttl  Ktluliun) 


elhcrcAl  volution) 


Atknlin(-ti.Tmauri 


HxtnocbrDinogrn 


llKttialo  porphyrin 
(i>4  n<M  Kolutioii) 


I  litmaloporphvrtn 
(■nnlV,alii)«  v>Ili- 
li'"') 


Fte.  9t — Tails  of  Spictka  or  H.kmogu>iii»  amu  its  Dkhivativcs. 

hands  arc  seen,  one  a  little  to  the  right  of  Fraunhofer's  line  D. 
the  other  a  little  to  the  loft  of  E.  A  third  hand  exists  in 
extreme  violet  between  G  and  H.  It  cannot  l>e  detected 
an  ordinary  sperlroscope,  but  has  been  studied  by  the  aid 
of  a  fluorescent  eye-piece  (Soret).  by  projecting  the  spectrum 
on  a  fluorescent  screen,  and  by  photographing  the  sftcctrum 
(Gaingrr).  The  addition  of  a  reducmg  agent,  such  as  ammonium 
sulphide,  causes  the  bands  in  the  visible  spectrum  to  disap^^ear. 
aad  Ihey  are  replaced  by  a  less  sharply-deiined  band,  of  wliich 


38 


A   MANUAL  OF  PHYSIOLOGY 


the  centre  is  about  equidistant  from  D  and  E.  This  is  thi 
characteristic  band  of  reduced  haemoglobin.  The  spectrum  o 
ordinary  venous  blood  shows  the  bands  of  oxyhcemoglohin. 

Carbonic  oxide  htrmoglobin  is  a  representative  of  a  class  of  heemo 
globin  compounds  (inalogous  to  oxyhsemoj;lobin,  in  which  the  loosely 
combined  oxygen  has  been  replaced  by  other  gases  (carbon  monoxide 
uitric  oxide)  in  firmer  union.  Us  spectrum  shows  two  bands  ven 
like  those  of  oxyh'emoglobiii,  but  a  little  nearer  the  violet  end 
Carbonic  oxide  lisemogJobin  is  formed  in  poisoning  with  coal-gas 
Owing  to  the  great  stability  of  the  coin()ound»  the  li«enioglobin  cai 
no  longer  be  oxidized  in  the  Lungs,  and  death  may  take  place  fron 
asphyxia.  It  is,  however,  gradually  broken  up,  and  this  is  at 
indication  that  artificial  respiration  may  sometimes  be  of  use  i| 
such  cases  (Practical  Exercises,  p.  57). 

Methamogiobin  is  a  derivative  of  oxyh?pmoglobm  which  can  be 
formed  from  it  in  various  ways,  e,g,.  by  the  addition  of  ferricyanidi 
of  potassium  or  nitrite  of  amyl  (Gamgec)j 
by  electrolysis  (in  the  nei|;hbourhood  of  thi 
(inode),  or  by  the  action  ot  the  oxidizing 
ferment  '  echidnase  '  in  the  poison  of  the 
viper  (Fliisalix).  It  very  often^appears  in  an 
oxyhsemoglobin  solution  which  is  exposed  tc 
the  air.  It  has  been  found  in  the  urine  in 
cases  of  haemoglobinuria,  in  the  fiuid  ol 
ovarian  cysts,  and  in  haematoceles.  The 
strongest  foand  in  its  spectrum  is  in  the  red. 
between  C  and  D,  but  nearer  C,  nearly  in 
the  same  position  as  the  band  of  acid- 
hematm.  Reducing  agents,  such  as  am- 
monium sulphide,  change  meth*moglobin 
first  into  oxy haemoglobin  and  then  into 
reduced  liaemoglobin.  It  has  by  some  been 
regarded  as  a  more  highly  oxidized  haemo- 
globin than  oxy  haemoglobin.  Rebutting 
evidence  has,  however,  been  ofiercd  to  the 
effect  that  the  same  quantity'  of  oxygen  is 
required  to  saturate  both  pignieuts,  and  this  evidence  appear^  to  be 
sound.  The  difference  seems  to  lie  rather  m  the  manner  m  which  the 
oxygen  is  united  to  the  heemoglobin  in  the  mcthapmoglobia  molecule 
than  in  the  quantity  of  oxygen  which  it  contains.  For  metha?mo- 
globin.  unlike  oxyluemoglobin,  parts  wth  no  oxygen  to  the  vacuum, 
while,  on  the  other  hand,  in  the  presence  of  reducing  agents  it 
yields  up  its  oxygen  even  more  readily  than  oxyhacmoglobin  does 
(Haldanc)  (Practical  Exercises,  p.  57). 

6y  the  action  of  acids  or  alkalies  oxyhtemoglobin  is  split  into 
hseniatin  and  proteid  bodies,  of  which  the  exact  nature  is  little 
hnown.  When  the  ha'moglobin  is  acted  on  by  acids  in  the  absence 
of  oxygen,  hiemochromogen  is  first  formed,  which  then  gradually 
loses  its  iron  and  is  changed  into  ha?matoporphyrin.  If  oxygen  be 
present,  hapmatin  is  the  final  product.  By  the  action  of  alkalies 
reduced  haemoglobin  yields  hiBttiochromogeHy  which  Ls  stable  in  alkaline 
solution,  and  gives  a  l>eautiful  spectrum  with  two  bands,  bearing 
some  resemblance  to  those  of  oxyhemoglobin,  but  placed  nearer 
the  violet  end.  The  band  next  the  red  end  of  the  spectrum  is  much 
sharper  than  the  other  (Practical  Exercises,  p.  58). 


Fio.   9- — Crystals  ut 

OXVH.CUOGLODIM. 

f  d.  human  :   6.  squirrel : 
c,  guinra-pi^. 
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Hoftnatin,  the  most  frequent  result  of  the  splitting  up  of  haemo- 
globin, is  generally  obtamed  as  an  amorphous  substance  with  a 
bluish-black  colour  and  a  metallic  lustre,  insoluble  in  water,  but 
soluble  in  dilute  alkalies  and  acids,  or  in  alcohol  conuiining  them. 
In  addition  to  the  iron  uf  the  h'<rmuglobin,  hsematin  contains  tlic 
four  chief  elements  of  proteid  bodies — carbon,  hydrogen,  nitrogen. 
r.nd  oxygen  (Practical  Exercises,  pp.  57,  58). 
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Flo.     10. —  I>IA(-KAM     ru    SHOW     FllE     ChIEP    Cii  AHACTt  RI'-TICS     BV    WHICH     H.IMO' 
DtOBtN    AKP    SOME   OP    ITS    DERIVATIVES   MAY    BE    RCCOGKISBD    SfECTROSCOPt- 

CAiXY.    Thk  PusinoN  or  THE  Middle  OF  EACH  Baxd  is  indicated  roughly 
BV  A  Vbrticju.  Line. 

Hftmaloporphyvin^  or  iron-free  li^ematin,  may  be  obtained  from 
bliX»d  or  haemoglobin  by  the  action  of  strong  sulphuric  acid.  Its 
spectrum  in  acid  solution  shows  two  bands,  one  just  to  the  left  of  D, 
the  other  about  midway  between  D  and  E.  Like  oxyhemoglobin,  re- 
duced haemoglobin,  carbonic  oxide  haemoglobin,  methxmoglobin  and 
other  derivatives  of  hi^moglobin,  it  also  has  a  band  m  the  ultra-violet. 

Harmin  is  a  compound  of  h?ematin  and  hydrochloric  acid,  which 
crystallizes  in   the  form  of  small  rhombic  plates,  of  a  brownish  or 
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Fig.   II- — DiAGRAU  to  illustrate  the  Distribution  of  the  Blood  in  the 
Vakious  Okgans  of  A  Rabbit  {after  Rankb's  Mkasuremrnts). 

The  Dumberf  are  percentages  of  the  total  blood. 


brownish-black  colour.     They  are   insoluble  in  water,  but  readily 
soluble  in  dilute  alkalies  (Practical  Hxercises.  p.  60). 

Chemistry  of  the  White  Blood-corpuscles.— The  composition  of 
pus-cells  and  the  Icucooyti's  uf  lymphalic  glands  lias  alone  been 
investigated.  The  chief  constituents  of  the  latter  are  a  globulin 
coagulating  by  heat  at  48"*  to  50'^  C.  ;  a  nucleo-proteid  coagulating 
m  5  per  cent,  magnesium  aulphate^solutiun  at  75°  C,  and  causing 
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coagulation  of  the  blood  on  injection  into  the  veins  of  rabbits  ;  ai 
albumin  coagulating  at  73"  C.  ;  and  a  ferment  with  powers  like  th 
pepsin  of  the  gastric  juice.  In  pus-cells  Hlycngcn  has  been  found 
and  it  can  be  demonstrated  microchcmic  illy  i"  the  leucocytes  of  bloot 
by  the  iodine  reaction  in  various  conditions.     Lecithin  is  also  present 

The  Quantity  of  Blood. — The  quantity  of  blood  in  an  anima 
is  best  determined  by  the  method  of  Welcker.  The  animal  ii 
bled  from  the  carotid  into  a  weighed  flask.  When  blood  ha; 
ceased  to  flow  the  vessels  are  washed  out  with  water  or  norma 
saline  solution,  and  the  last  traces  of  blood  are  removed  h) 
chopping  up  the  body,  after  the  intestinal  contents  have  beer 
cleared  away,  and  extracting  it  with  water.  The  extract  and 
wasliings  are  mixed  and  weighed ;  a  given  quantity  of  the  mixture 
is  placed  in  a  h<ematinometer  {a  glass  trough  with  parallel 
sides,  e.g.)^  and  a  weighed  quantity  of  the  unmixed  blood  diluted 
in  a  similar  vessel  till  the  tint  is  the  same  in  both.  From  the 
amount  of  dilution  required,  the  quantity  of  blood  in  the  watery 
solution  can  be  caJciilated.  This  is  added  to  the  amount  of 
unmixed  blood  directly  determined.  Since  hemorrhage  is  imme- 
diately followed  by  the  entrance  of  liquid  into  the  bloodvessels 
from  the  lymph  and  tissue  fluids,  somewhat  too  high  a  result 
will  l>e  obtained  if  the  bleeding  is  at  all  prolonged.  It  is  well, 
therefore^  to  take  only  a  moderate  amount  of  blood  for  direct 
estimation,  and  to  compute  the  balance  by  the  colorimetric 
method. 

Many  otlier  methods  have  been  devised  on  the  jirinciple  of 
injecting  a  known  quantity  of  some  substance  into  the  circulating 
blood,  and  then,  after  an  inter\-al  has  been  allowed  for  mixture, 
determining  the  change  produced  in  a  sample.  Thus,  the  specific 
gravity  of  a  drop  of  blood  having  been  measured,  a  certain 
quantity  of  a  solution  of  sodium  chloride  isotonic  with  the 
]>lasma  may  be  injected  into  a  vein,  and  the  specific  gravity 
again  determined.  Or  the  electrical  resistance  of  a  small  sample 
of  blood  may  be  measured  before  and  after  injection  of  a  given 
quantity  of  isotonic  salt  solution. 

The  quantity  of  blood  in  the  body  was  greatly  overestimated 
by  the  ancient  physicians.  Avicenna  put  it  at  25  lb.,  and  many 
loose  statements  are  on  record  of  as  much  as  20  lb.  being  lost 
by  a  patient  without  causing  death.  The  proportion  of  blood 
to  body-weight  has  been  found  to  be  in  the  dog  i  :  13,  new-born 
child  I  :  19,  cat  i  :  14,  horse  i  :  15,  frog  i  :  17,  rabbit  i  :  ig, 
fowl  I  :  20.  The  total  mass  of  the  blood  in  a  living  man  can  be 
estimated  by  causing  the  person  to  inhale  a  known  volume  of 
carbon  monoxide  mixed  with  oxygen  or  air,  and  then  determining 
in  a  sample  of  blood  taken  from  the  finger  the  ]>ercentage  amount 
to  which   the  htcmoglobin  has  become  saturated  with  carbon 
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monoxide.  All  that  remains  is  to  estimate  the  volume  of  carbon 
monoxide  (or,  what  is  precisely  the  same  thing,  the  volume  of 
oxygen)  which  100  c.c.  of  blood  will  take  up.  This  latter 
quantity  is  called  the  percentage  oxygen  capacity.  From  these 
data  the  total  volume  of  the  blood  can  be  calculated.  If  the 
volume  is  multiplied  by  the  specific  gravity  the  mass  is  obtained. 

Thus,  if  the  hsemoglobin  was  found  to  be  25  per  cent,  saturated 

with  carbon  monoxide  after  the  person  had  inhaled  1 50  c.c.  of  that 

gas,  the  whole  of  the  blood  would  require  600  c.c.  of  carbon  monoxide 

to  saturate  it  completely.     If  the  percentage  oxygen  capacity  was 

20,  20  c.c.  of  oxygen  or  carbon  monoxide  would  be  needed  to  saturate 

100  c.c.  of  blood.     Therefore  the  total  volume  of  the  blood  would  be 

100 
600  X —  =  3,000  c.c.      And  the  mass,   if   the  specific  gravity  was 

i'055»  would  be  3,ooox  i-055  =  3,i65  grammes.  According  to  this 
method  the  blood  on  the  average  in  man  constitutes  only  4*9  per 

cent.,  or  — ;-  of  the  body-weight  (say,  3^  kilogrammes  in  a  70  kilo 

man),  varying  in  fourteen  persons  between  ^  and  -^  (Haldane  and 
Smith).  In  chlorosis  and  pernicious  anaemia  the  quantity  of  blood 
is  markedly  increased.     In  one  case  of  pernicious  ansemia  it  amounted 

to  -7-  of  the  body-weight.     This  is  due  solely  to  increase  in  the 

plasma. 

Fig.  II  illustrates  the  distribution  of  the  blood  in  the  various 
organs  of  a  rabbit.  The  liver  and  skeletal  muscles  each  contain 
rather  more  than  one-fourth  ;  the  heart,  lungs,  and  great  vessels 
rather  less  than  one-fourth  ;  and  the  rest  of  the  body  about  one- 
fifth,  of  the  total  blood.  The  kidney  and  spleen  of  the  rabbit 
each  contain  one-eighth  of  their  own  weight  of  blood,  the  liver 
between  one-third  and  one-fourth  of  its  weight,  the  muscles  only 
one-twentieth  of  their  weight. 

Lymph  and  Chyle. 

Lymph  has  been  defined  as  blood  without  its  rod  corpuscles 
(Johannes  Miiller)  ;  it  is,  in  fact,  a  dilute  blood-plasma,  con- 
taining leucocytes,  some  of  which  (lymphocytes)  are  common  to 
lymph  and  blood,  others  (coarsely  granular  basophile  cells)  are 
absent  fom  the  blood.  The  reason  of  this  similarity  appears 
when  it  is  recognised  that  the  plasma  of  lymph  is  derived,  in 
large  part  at  any  rate,  from  the  plasma  of  blood  by  a  process  of 
physiological  filtration  (or  secretion)  through  the  walls  of  the 
capillaries  into  the  lymph-spaces  that  everywhere  occupy  the 
interstices  of  areolar  tissue.  But  in  addition  to  the  constituents 
of  the  plasma,  lymph  appears  to  contain  certain  toxic  substances 
produced  in  the  metabolism  of  the  tissues  and  destroyed  in  the 
lymphatic  glands.     Lymph,  as  collected  from  one  of  the  large 
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lymphatic  vessels  of  the  limbs,  or  from  the  thoracic  duct  of  a 
fasting  animal,  is  a  colourless  or  sometimes  yellowish  or  slightly 
reddish  liquid  of  alkaline  reaction.  Its  specific  gravity  is  much 
less  than  that  of  the  blood  (1015  to  1030).  It  coagulates  spon- 
taneously, but  the  clot  is  always  less  firm  and  less  bulky  than 
that  of  blood.  The  plasma  contains  fibrinogen,  fronivirtiidrUie 
fibrin-^the  clot  is  derived.  Serum-albumin  and  serum-globulin 
are  present  in  much  the  same  relative  proportion  as  in  blood, 
although  in  smaller  absolute  amount.  Neutral  fats,  urea,  and 
sugar  are  also  found  in  small  quantities.  The  inorganic  salts 
are  the  same  as  those  of  the  blood-serum,  and  exist  in  about  the 
same  amount,  sodium  preponderating  among  the  bases,  as  it 
does  in  serum.  The  following  table  shows  the  results  of  analyses 
of  lymph  from  man  and  the  horse  (Munk)  : 


Water 

Fibrin     - 
Other  proteids 
Solids  ^  Fat 

j  Extractives*  - 
\  Salts      - 


Man.  I         Horse, 

95*o  per  cent. ;  95*8  per  cent.  1 
6m      \  !    o'l     \  I 

2-9 

trace  |-4*2 
o-i      1 
1*1      I 


Chyle  is  merely  the  name  given  to  the  lymph  coming  from 
the  alimentary  canal.  The  fat  of  the  food  is  absorbed  by  the 
lymphatics,  and  during  digestion  the  chyle  is  prowded  with  fine 
fatty  globules,  which  give  it  a  milky  appearance.  There  may 
also  be  in  chyle  a  few  red  blood-corpuscles,  carried  into  the 
thoracic  duct  by  a  back-flow  from  the  veins  into  which  it  opens. 
Chyle  clots  like  ordinary  lymph.  The  following  is  the  compo- 
sition of  a  sample  analyzed  by  Paton,  and  obtained  from  a 
fistula  of  the  thoracic  duct  in  a  man  : 


Water       - 

- 

-     953'4 

Sohds 

- 

-       46-6 

Inorganic 

- 

-         6-5 

Organic 

- 

-       40*1 

Proteids 

- 

137 

Fats  - 

- 

24-06 

Cholesterin    - 

- 

0-6 

Lecithin 

- 

0*36 

The  quantity  of  chyle  flowing  from  the  fistula  was  estimated 
at  as  much  as  3  to  4  kilos  per  twenty-four  hours,  or  nearly  as 

*  The  term  '  extractives  *  is  somewhat  loosely  applied  to  organic 
substances  which  exist  in  so  small  an  amount,  or  have  such  indeftnite 
chemical  characters  that  they  cannot  be  separately  estimated. 
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nrach  as  the  whole  of  the  bkxxl.  The  flow  has  been  calculated 
in  various  animals  at  one-nghteenth  to  one-seventh  of  the  body- 
weight  in  the  twenty-four  hours.  The  quantity  of  lymph  in 
the  iKidy  is  unknown,  but  it  must  be  very  great — perhaps  two 
or  ihrec  times  that  of  the  blood. 

The   gases  of  the   blood  and  lymph  will  be  treated  of  in 
Chapter  III.,  the  formation  of  lymph  in  Chapter  V. 


The  Functions  of  Blood  and  Ljrmph. 

We  have  already  said  that  these  liquids  provide  the  tissues 
with  the  materials  they  require,  and  carry  away  from  them 
materials  which  have  ser\'ed  their  turn  and  arc  done  with. 
These  materials  arc  gaseous,  liquid,  and  sohd.  Oxygen  is 
brtmght  to  the  tissues  in  the  red  corpuscles  ;  carbon  dioxide 
is  carried  away  from  them  partly  in  the  erythrocytes,  but  chiefly 
in  the  plasma  of  the  blood  and  lymph.  The  water  and  solids 
which  the  cells  of  the  body  lake  in  and  give  out  are  also,  at 
time  or  another,  constituents  of  the  plasma.  The  heat 
luced  in  the  tissues,  too,  is.  to  a  large  extent,  conducted 
into  the  blood  and  distributed  by  it  throughout  the  body. 
It  IS  not  known  whether  the  leucocytes  play  any  part  in  the 
laJ  nutrition  of  other  cells,  although  it  is  probable  that 
exercise  an  influence  on  the  plasma  in  which  they  live ; 
but  they  have  important  functions  of  another  kind,  to  which 
it  ts  necessary  to  refer  briefly  here. 

Phagocytosis. — Certain  of  the  amoeboid  cells  of  blood  and 
lymph,  and  the  cells  of  the  splemc'purpT'gr&'^able^to  include 
orgeat  up  *  foreign  bodies  with  wTiicTi  they  come  in  contact,  in 
the  same^^y  as  the  amoeba  takes  in  its  food.  Such  cells  are 
talletl  phagocytes  ;  and  it  is  to  be  remarked  that  this  term 
neither  comprises  all  leucocytes  nor  excludes  all  other  cells. 
for  some  fixed  cells,  such  as  those  of  the  endothelial  lining  of 
bloodvessels,  are  phagocytes  in  virtue  of  their  [xjwcr  of  sending 
out  protoplasmic  processes,  while  the  small,  immobile,  uninuclear 
leucocyte,  or  lymphocyte,  is  not  a  phagocyte. 

Although  it  IS  not  at  present  |H)ssible  to  assign  a  physiological 
\*alue  to  all  the  j)henomena  of  phagocytosis,  either  as  regards 
the  phagocytes  themselves  or  as  regards  the  organism  of  which 
they  form  a  part,  there  seems  little  doubt  that  under  certain 
circumstances  the  process  is  connected  with  the  removal  of 
structures  which  in  the  course  of  development  have  become 
letc,  or  with  the  neutralization  or  elimination  of  harmful 
Itances  introduced  from  without,  or  formed  by  the  activity 
bacteria  within  the  tissues.  During  the  metamorphosis  of 
lar\ar,  groups  of  cilia  and  muscle-hbres  may  be  absorbed 
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and  eaten  up  by  the  leucocytes.  In  the  metamorphosis  ol 
maggots,  for  example,  the  muscxilar  fibres  of  the  abdominal 
wall,  which  arc  used  in  creeping,  and  are  therefore  not  required 
in  the  adult,  degenerate,  and  are  devoured  by  swarms  of  leuco- 
cytes wliich  migrate  into  them.  In  the  human  subject  an 
example  of  absorption  of  tissue  by  the  aid  of  leucocytes  is  the 
removal  of  the  necrosed  decidua  refiexa,  the  fold  of  uterine 
mucoiLs  membrane  which  envelops  the  ovum  (Minot). 

Hut  tlie  behaviour  of  phagocytes  towards  pathogenic  micro- 
organisms is  of  even  greater  interest  and  importance.  Metschni- 
koff  laid  the  foundation  of  our  knowledge  of  this  subject  by  his 
researclies  on  Daphnia,  a  small  crustacean  with  transparent 
tissues,  which  can  be  observed  under  the  microscope.  When 
this  creature  is  fed  with  a  fungus,  Monospora,  the  spores  of  the 
latter  fmd  their  way  into  the  body-cavity.  Here  they  are  at 
once  attacked  by  the  leucocytes,  ingested,  and  destroyed.  But 
after  a  time  so  many  spores  get  through  that  the  leucocytes  are 
unable  to  <ieal  with  them  all ;  some  of  them  develop  into  the 
first  t»r  '  conidium  '  stage  of  the  fungus  ;  the  conidia  poison  the 
leucocytes,  instead  of  being  destroyed  by  them,  and  the  animal 
generally  dies.  CVcasionally,  however,  the  leucocytes  are  able 
to  destroy  all  the  sjwres,  and  the  life  of  the  Daphnia  is  preserved. 
This  battle,  ending  sometimes  in  victory,  sometimes  in  defeat, 
is  iH^lieveii  by  Metschnikoff  to  be  typical  of  the  struggle  which 
the  phagiKvtes  of  higher  animals  and  of  man  seem  to  engage 
in  when  the  germs  of  disease  are  introduced  into  the  organism. 
He  supjHv^os  that  the  immunity  to  certain  diseases  possessed 
uatunUly  by  some  animals,  and  which  may  be  conferred  on 
others  by  vaccination  with  various  protective  substances,*  is, 
to  a  lar^e  extent,  due  to  the  early  and  complete  success  of  the 
phi\giK  ytes  in  the  fight  with  the  bacteria ;  and  that  in  rapidly- 
tatal  viistMses  —such  as  chicken-cholera  in  birds  and  rabbits, 
and  anthrax  in  mi^v— the  absence  of  any  effective  phagocytosis 

•  The  mvip.t  rxvcut  iuv«iii^atioas  go  to  show  that  MetschmkcMl's  phago- 
cytic tUt\>rv  ot  immuuuy  rwiuicrs  luoUt&cation  in  the  case  of  the  higher 
auuiuIn  .hiul  uvAU.  Although  the  brtUtJutt  t>toJo«;ical  obsen'ations  on  which 
It  WAS  vut^tu^Uy  built  rtrtAtu  aW  theu  vulue.  He  supposed  that  in  the 
immuttifuv^  j^rvvx-ss  the  leuv.xvYtes  uaUerweut  certain  chan^cs^  acquired, 
so  to  si^rak.  a  s%.*ri  ot  "  cducatum  '  thit  enabled  them  to  cope  with  bacteria 
A^Aiust  which  thcv  were  \>reviousiy  jvwerless;.  It  seem*  mere  probaUe 
thAt  lu  the  i^retseuce  ot  the  sai\*tAttce*  thai  comer  immunity,  not  only  the 
lettcwytes.  Vut  othcc  cells,  ace  stiumUted  to  pcvxluce  bodies  which  cut 
sht;«t  the  luc.  or  m  Umsi  luhilni  the  i;rv>wth.  ot  the  NicteriA.  It  may  be. 
hv»*evet  t^«At  ?hc  Icucvvvtes  tJike  the  leavt  in  this  ceactioo.  Axid  the 
voractv*tt>  Atti.1  St  sr^t  st^ht  ji'.u>«-vt  undiscrti'-uaitta^  a^'P*^^  displayed  by 
cells  which  Jij*L*ea.r  to  eu^ivoX-  w-.th  ev;ual  jivid'.tv  ji  ic^JLaule  ot  caraoine  or  a 
MkittcW  oi  vn.>tc:vl  x  ^lov'aU*  i.*:  ut  or  a  irji^iueut  ot  carbon,  renders  it 
vhthcutt  to  Nrhove  t^Jit  tV\  do  rt-^e  alsi.^  act.  to  A.»me  extent,  dirwrtly  as 
phojjNvytes  m  t^ie  lyvscikv  o:  ivithcxemc  or^am&axs^ 
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is  the  factor  which  determines  the  result.  Others  have  laid 
stress  on  the  action  of  protective  substances  supposed  to  exist 
in  the  living  plasma  itseJf,  although  only  as  yet  demonstrated 
in  the  scrum.  It  is  possible  that  such  substances  are  manufac- 
tured by  the  leucocytes,  and  either  given  off  by  them  to  the 
plasma  by  a  process  of  '  excretion,*  or  liberated  by  their  com- 
plete solution.  And  it  may  be  that  it  is  only  when  the  bacteria 
have  been  crippk'd  by  contact  with  these  defensive  '  alexins  ' 
that  the  leucocytes  are  able  to  ingest  them  and  complete  their 
destruction.  It  has  been  actually  observed  that  the  oxyphile 
cells  of  frog*s  l^Tnph  retard  the  growth  of  certain  bacteria  by 
coating  them  with  a  kind  of  slime  derived  from  the  oxyphile 
granuJes. 

Diapedesis. — The  fact  that  leucocytes  can  pass  out  of  the 
ilvessels  into_j1ie  tissues  (Waller,  Cohnheim)  has  a  very 
ItrrpOTtanf  Searing  on  tlie  subject  of  phagocytosis.  The  pheno- 
menon is  called  diapedesis,  and  is  best  seen  when  a  transparent 
port,  such  as  the  mesentery  of  the  frog,  is  irritated.  The  first 
effect  of  irritation  is  an  increase  in  the  flow  of  blood  through 
the  affected  region.  If  the  irritation  continues,  or  if  it  was 
originally  severe,  the  current  soon  begins  to  slacken,  the  cor- 
puscles stagnate  m  the  vessels,  and  inflammatory  stasis  is  pro- 
duced. The  leucocytes  adhere  in  large  numbers  to  the  walls  of 
the  capillaries,  and  particularly  of  the  small  veins,  and  then 
besgin  to  pass  slowly  through  them  by  amieboid  movements, 
the  passage  taking  place  at  the  junctions  between,  or  it  may  be 
through  the  substance  of.  the  endothelial  cells.  Plasma  is  also 
poured  out  into  the  tissues,  the  whole  forming  an  inflammatory 
extidation.  Even  re<l  blood-corpuscles  may  pass  out  of  the 
vessels  in  small   numbers.     The  exudation   may  be  gradually 

ibsorbed.  or  destruction  of  tissue  may  ensue,  and  a  collection 
be  formed.  The  cells  of  pus  are  largely,  if  not  entirely, 
fcted  leucocytes  (Practical  Exercises.  Chap.  II.,  p.  i). 


PRACTICAL  EXERCISES  ON  CHAPTER  I. 

N.B. — In  the  following  exercises  all  experiments  on  animals  which 
td  cause  the  slightest  pain  are  to  be  dove  under  complete  anasthesia. 

Reaction  of  Blood,  (i )  Put  a  drop  of  fresh  dog's  or  ox  tilood 
OA  a  piece  of  glazed  neutral  litmus  paper  (the  litmus  paj^er  can  be 
Eiazra  by  dipping  it  into  a  neutral  solution  uf  gelatine  and  allowing 
It  to  dr\').  Wash  the  l»lood  off  in  lo  to  50  seconds  with  distilled 
wakrr.  A  bluish  staiu  will  In*  left,  showing  that  frcsli  blood  is  alkaline. 
(2^  ReprAt  with  dog's  or  ox  serum.  It  is  not  nccrssar>^  to  wash  the 
MTum  oQ.  a»  it  docs  not  obscure  the  change  of  colour.     (3)  Repeat 
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(l)  with  human  blood.  With  a  clean  suture- needle  or  a  good-sizec 
sewing-needle  which  has  been  sterilized  m  the  flame  of  a  Bunser 
burner,  pnck  one  of  the  fingers  behind  the  nail.  Bandaging  thi 
finger  with  a  handkerchief  from  above  downwards,  so  as  to  rendei 
its  ti]^  congested,  will  often  facilitate  the  getting  of  a  good-sizcti 
drop,  but  for  quantitative  experiments,  like  2.  7,  and  13  (4).  this 
should  not  be  done. 

2.  Specific  Gravity  of  Blood  —  HamfmrscHlag*s  Method, — (i)  Pu< 
a.  mixture  of  chlorofitrm  and  bunzol  of  sjiccific  gravity  i'o6o  into  a 
small  glass  cylinder.  Put  a  drop  of  dog's  or  ox  defibnnated  blood 
in  the  mixture  by  means  of  a  small  pipette.  If  the  drop  sinks  add 
chloroform,  if  it  rises  add  benzol,  till  it  just  remains  suspended 
when  the  liquid  has  been  wcU  stirred.  Then  with  a  small  hydrometer 
measure  the  specific  gravity'  of  the  mixture,  which  is  now  equal  to 
that  of  the  blood.  Filter  the  hquid  to  free  it  from  blood,  and  nut 
it  back  into  the  stock-bottle,  (j)  Obtain  a  drop  of  human  blood  as 
in  I,  and  repeat  the  measurement  of  the  specific  gravity. 

5.  Coagulation  of  Blood.* — {i|  Take  three  tumblers  or  beakers, 
label  them  a.  /S,  and  7.  and  measure  mto  each  100  c.c.  of  water. 
Mark  the  level  of  the  water  by  strips  of  gummed  paper,  and  pour  it 
out.  (If  a  sufficient  number  of  graduated  cylinders  is  available,  they 
may  of  course  be  used,  and  this  measurement  avoided).  Into  a  put 
J5  c.c.  of  a  saturated  solution  of  magnesium  sulphate,  into  ^  25  c.c. 
01  a  I  i^cr  cent,  solution  of  potassium  or  ammonium  oxalate  iu 
o"9  (Tcr  cent,  solution  of  sodium  chloride,  and  into  y  25  c.c.  of  a' 
i"2  per  cent,  solution  of  sodium  fluoride  in  o\>  per  cent,  salt  solution. 
If  the  dog  provided  is  a  large  one,  these  quantities  may  be  all 
doubled  ;  for  a  small  dog  they  may  be  all  halved. 

(2)  Insert  a  cannula  mto  the  central  end  oi  the  carotid  artery  of  a 
dog  anaesthetized  with  morphiaf  and  ether,  or  .\.C.E.  mixture.} 

To  put  a  CtiHHiiJa  into  an  Artery. — Select  a  glass  cannula  of 
suitable  sire,  feel  for  the  arter>',  make  an  incision  in  its  course 
through  the  skin,  then  isolate  about  an  inch  of  it  with  forceps  or  a 
blunt  needle,  carefully  clearing  away  the  fascia  or  connective  tissue. 
Next  pass  a  small  pair  of  forceps  under  the  artery,  and  draw  two 
ligatures  through  below  it.  If  the  cannula  is  to  be  inserted  into  the 
central  end  of  the  artery,  tie  the  hgature  which  is  farthest  from  the 
heart,  and  cut  one  end  short.  Then  between  the  heart  and  the  other 
hgature  compress  the  artery  with  a  small  clamp  (often  spoken  of  as 
'  bulldog  '  forceps).  Now  lift  the  artery  by  the  distal  hgature.  make  a 
transverse  sht  in  it  with  a  pair  of  fine  scissors,  insert  the  cannula,  and 
tie  the  ligature  over  its  neck.  Cut  the  ends  of  the  hgature  short. 
If  the  cannula  is  to  be  put  into  the  distal  cad  of  the  artery,  botli 
ligatures  must  be  between  the  clamp  and  the  heart,  and  the  bulldng 
must  be  put  on  before  the  first  ligature  (the  one  nearest  the  heart) 
is  tied,  so  tliat  the  piece  of  bloodvessel  between  it  and  the  ligature 
may  be  full  of  blood,  as  this  facilitates  the  opening  of  the  artery. 

(3)  Kun  into  a,  ^.  and  y  enough  blood  to  fill  them  to  the   mark. 

•  This  experiment  rt»quircs  two  laboratory  periods,  the  various  blood 
mixtures  bein^  obtaiii«l  during  the  first  and  worked  up  during  the  second. 

t  One  to  2  centigramuR-s  of  morphia  hydrochlorate  per  kilogramme  of 
body-weight  should  he  injected  Kubcutaueously  abuut  lialf  an  hour  beiore 
the  operation.  I'en  c.c.  of  a  .•  per  cent,  soliitiun  is  sulhcicnt  for  a  dog  of 
good  size.  Note  that  diarrhu-a  and  salivation  are  caused  by  such  a  do&e. 
For  directions  tor  lasteiiinK  the  dog  on  the  holder,  see  footnote  on  p.  16;. 
mixture  of  equal  parts  ol  alcohol,  ethur.  and  chloroform. 
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Shake  tiae  vessels,  or  stir  up  once  or  twice  with  a  glass  rod,  to  mix 
tbe  blood  and  solution. 

(4)  Taike  a  small  thin  copper  or  brass  vessel,  and  place  it  in  a 
freezing  mixture  of  ice  and  salt.  Run  into  it  some  of  the  blood 
trocn  the  artery.  It  soon  freezes  to  a  hard  mass.  Now  take  the 
\eaacl  out  ol  the  freezing  mixture  and  allow  the  blood  to  thaw.  It 
«iU  be  BC«n  that  it  remains  liquid  for  a  short  time  and  then  clots. 

<3)  Run  some  of  the  blood  into  a  porcelain  capsule,  stirring  it 
vigorooalv  with  a  glass  rod.  The  fibrin  collects  on  the  rod  ;  the 
blood  0  defibrinated  and  will  no  longer  clot. 

(6)  Now  let  some  blood  run  into  a  small  beaker  or  jar.  Notice  that 
the  blood  begins  to  clot  in  a  few  minutes,  and  that  soon  the  vessel 
con  be  Lilted  without  spilling  it.  Note  the  time  required  for  clotting 
la  uccui.  Set  the  coagulated  blood  aside  in  a  cool  place,  and  observe 
next  div  that  some  clear  yellow  serum  has  separated  from  the  clot. 

(7i  Wcieli  out  a  quantity  of  Wittc's  "peptone'  equivalent  to 
o*5  1-  >r  every  kilo  ot  body-weight  of  the  dog.    Dissolve  the 

Mfkr  ..at  twenty  times  its  weight  of  OQ  per  cent,  salt  solution. 

Pot  a  cannula  into  the  central  end  of  a  crural  vein  (p.  17K).  Fill  the 
caumcla  with  the  peptone  solution  and  connect  it  witn  a  burette.  Put 
1 5  drops  of  the  peptone  solution  into  a  test-tube  labelled  *  Peptone  A.' 
Piat  too  rest  into  the  burette  and  see  that  the  connecting  tul>e  is 
bUed  with  the  solution  and  free  from  air.  Kun  into  the  test-tube 
about  5  c.c.  of  blood  from  the  cannula  in  the  carotid.  Now  let  the 
peptone  solution  flow  from  the  burette  into  the  vein.  Feel  the 
pulse  over  the  heart  as  the  solution  is  running  in.  If  the  heart 
Dccomc^  very  weak  stop  the  injection ;  otherwise  the  animal  may 
4it  trom  the  great  lowering  of  blood-pressure  (p.  179).  As  soon  as  the 
mjcction  is  fmislied,  draw  off  a  sample  of  s  c.c.  of  blood  into  a  test- 
tube  labelled  '  Peptone  B.'  and  let  it  stand.  In  ten  minutes  collect 
five  further  simples  of  5  c.c.  {'Peptone  C,  D,  E,  F.  G'),  and  a 
one.  H  :  in  half  an  hour  another  set  of  hvc  small  samples, 
AS  long  an  interval  as  possible  thereafter  five  more.  Now 
the  dog  bleed  to  death,  observe  that  the  flow  of  blood  is 
kfarily  increased  by  pressure  on  the  abdominal  walls,  which 
it  towards  the  heart,  by  passive  movements  of  the  hind- 
Iq^i,  and  also  during  the  convulsions  of  asphyxia,  which  soon 
appca.r.  Add  to  the  peptone  blood  D  5  c.c.  of^  serum,  to  E  a  little 
Moium  chloride  extract  of  liver,  to  F  a  httlc  extract  of  muscle,  and 
ito  G  15  drops  of  a  2  per  cent,  solution  of  calcium  chlunde,  and  put 
'^  D,  E,  F.  and  G  into  a  water-bath  at  40*^  C,  Treat  the  other  sets 
samples  in  the  same  way.  Note  how  long  each  si^ecimen 
clot,  and  rc^x^rt  your  results.* 
I)  Obscr^'o  that  the  blood  in  a,  ^,  and  y  has  not  coagulated. 
Label  lour  test-tubes  'Oxalate  .\,  B.  C,  D,'  and  put  into  each  about 
5  c.c  of  the  oxalated  bhK)d.  Add  to  A  and  H  5  or  (S  drops  of  a 
i  per  cent,  solution  of  calcium  chloride,  to  C  1 2  drops,  and  to  D  as 
much  as  there  is  of  the  blood.  Leave  A  at  the  ordinar%'  tem|)erAture, 
pat  the  other  test-tubes  in  a  water-bath  at  40*  C,  and  note  when 
clotting  occurs. 

*  SomMtmes  the  injection  of  peptone  hastens  coaguLition  in»tead  of 
fandcring  it>  It  hjis  Xi^rn  .isserttd  that  this  is  only  thi;  case  when  small 
dotes  are  uvcd  (less  tlun  ooi  gramme  )>er  kilo  of  body-weight).  Uut  in  2 
dnnont  of  1 1  a  dose  of  0-5  gramme  per  kilo  has  t>cea  ^en  to  hasten  coa^^u- 
Wooo.  And  m  1  out  of  1  j  to  leave  it  unafiected  ;  in  the  other  9  coagulation 
»»  markedlv  retarded. 
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(9)  To  10  c.c.  of  the  Huoridc  blood  add  a  little  more  CaCl,  than 
is  required  to  combine  with  the  excess  of  fluoride  present.  Label 
four  test-tubes  '  Fluoride  A,  B,  C,  D.'  and  into  each  put  about 
3  c.c.  of  this  *  rccalcilicd  *  fluoride  blood.  To  B  add  1  c.c.  liver 
extract ;  to  C  I  c.c.  muscle  extract,  and  to  D  4  c.c.  water.  Label 
two  more  test-tubes  "  Fluoride  E  and  F.*  Into  each  put  2  c.c.  of 
the  fluoride  bl(»od  without  CaCl^.  Add  also  to  M  i  c.c.  liver  extract 
and  to  F  r  c.c.  scrum.  Put  all  the  tubes  in  a  bath  at  about  40°  C, 
and  obiierve  in  which  and  in  what  time  coagulation  takes  place. 

(10)  By  means  of  a  centri- 
fuge   (Fig.    12)    separate    the 
plasma  from  the  corpuscles  in  , 
a,  ^.  and  y,  and  also  from  tho  i 
peptone  blood. 

\Vith  the  oxalate  plasma 
from  fi,  and  the  fluoride  plasma 
from  7,  repeat  the  observations 
in  (8)  and  (9),  using  smaller 
quantities  of  the  plasma,  if 
necessary',  in  small  test-tubes*  ^ 
With  tW  plasma  from  a 
perform  the  following  experi- 
ments :  Put  a  small  quantity 
of  the  plasma  (i  c.c.)  into 
four  test-tut)es,  labelling  them 
•  Magnesium  Sulphate  .\,  B, 
C,  D."  Dilute  B  with  four  times, 
C  with  eight  times,  and  Dwith 
twent\*  times  as  much  distilled 
u*ater  as  was  taken  of  the 
plasma.  Obscr\-e  in  which,  if 
any.  coagulation  occurs,  and 
the  time  of  its  occurrence, 
and  report  the  result. 

( 1 1 )  With  peptone  plasma 
from  H  and  from  the  peptone 
blood  obtained  later  repeat 
the  experiments  done  in  (7). 
In  addition  dilute  i  cc.  of  the 
plasma  uith  three  volumes  of 
water  and  i  cc  of  it  with  ten 
volumes  of  water,  and  put  in 
tlie  twith  at  40"  C.  Obser^-c 
whether  clotting  occurs. 

H  no  centrifuge  is  available, 

» )>r     various    blood  -  mixtures 

isi  he  loft  standing  in  a  cool 

t4ftce  loir  1 J  to  34  hours  till  tl  .  -.  Ics  settle.     The  ^asma  can 

then  Im^  sj^^toikcd  or  (H)x'ttcd  ofl.    instcttd  of  dog's  blood,  the  blood 

ol  an  o\  s^T  pic  mra-  hr  obt.Attteil  at  the  dMi|Etiter-bc»u9e. 

4,  r  •  *   Fibrin-ferment— Predpitate  blood- 

*er«w   ■  *■  -^f  .^K-ohoI.     I  et  It  stand  for  several 

w-eek*.  viv*  .  n-ater.    The  water  dis9ol\^es 

out  xhc  htv  :  ctfugTiUte<i  prYHekk. 

ic.  Ptt^ikratt&n  ci  Tissue   hjitiacts  containing  T)u<oinbakinase. — 
la  a  dog  or  r»bbit  k\\h\\  In  t^ccding  insert  *  ^*^*«^»V  into  tfae  Utmrr 


Fw.    13. — OtHTHirV&K    tJlMot. 

Xh9  fonr  c]riiad«n  &bimii  nl  the  top  of 
InrtMittAl  M  MOB  M  ftpced  te  f^>t  itp 
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of  the  thoracic  aorta.  Fill  the  cannula  with  0*9  per  cent,  salt 
iltttioa  or  water,  and  connect  it  with  a  bottle  also  containing  salt 
ttttioa  or  water.  Wash  out  the  vessels  of  the  lower  portion  of 
body,  making  an  opening  in  the  inferior  vena  cava  above  the 
kpturagrn  tu  allow  the  liquid  to  escape.  For  tlie  sake  of  cleanli- 
tWHi.  a  cannula  armed  with  a  piece  nf  rubber  tubing  should  be 
Inaertod  for  this  purpose  into  the  inferior  vena  cava.  Continue 
the  injection  till  the  hquul  issues  colourless.  Then  remove  imrtions 
of  livrr  and  muscle.  Mince  each  separately.  Hub  up  with  sand  in 
Add  o'o  per  cent,  sodium  chloride  solution  and  rub  up 
/Put  into  bottles  and  keep  in  the  ice  chest.  Fnr  use  take 
of  the  hquid  from  the  top  with  a  pipette,  or  strain  through 
cheese-cloth. 

6.  Serum. — Test  the  reaction,  and  determine,  both  by  the  hydro- 
meter and  the  pycnometer,  or  specific  gravity  bottle,  the  specific 
jp«vity  of  the  serum  provided,  or  of  the  serum  obtained  in  cxpcri- 
oaent  3. 

Serum  ProUids, — (i)  Saturate  serum  with  magnesium  sulphate 
crv9tala  at  ^o**  C.  The  serum-globulin  is  precipitated.  Filter  off. 
^Viuh  the  precipitate  on  the  filter  with  a  saturated  solution  of  mag- 
nesium sulphate.  Dissolve  the  precipitate  by  the  addition  of  a 
httle  distilled  water,  and  perform  the  following  tests  for  globulins  : 
fa)  Saturate  with  magnesium  sulplvito.  A  precipitate  is  obtained. 
[6^  Drop  into  a  large  quantity  of  water,  and  a  flocculcnt  precipitate 
down,  [i)  Heat.  Coagulation  occurs.  Determine  the  tempera- 
of  coagulation  (p.  s)- 
~^ta)  To  a  portion  of  the  filtrate  from  (i)  add  sodium  sulphate  to 
saturation.  The  scrum-albumin  is  precipitated.  (Neither  mag- 
ium  sulphate  nor  sodium  sulphate  precipitates  scrum-albumin 
but  the  double  salt  sodio-magncsium  sulphate  precipitates 
md  this  is  formed  when  sodium  sulphate  is  added  to  magnesium 
snlpbate. ) 

,)  Dilute  another  portion  of  the  filtrate  from  (i)  with  its  own 
of  water.  Very  slightly  acidulate  with  dilute  acetic  acid,  and 
inme  the  temperature  of  heat  coagulation. 
(4>  I*rccipitatc  the  scrum-globulin  from  another  portion  of  scrum 
by  adding  to  it  an  equal  volume  of  saturated  solution  of  ammonium 
'Siuphate.  Filter.  Precipitate  the  scrum-albumin  from  the  filtrate 
by  saturating  with  ammonium  sulphate  cr>'stals. 

($>  Dilute  scrum  with  ten  to  twenty  times  its  volume  of  distilled 
water,  and  pass  tlirough  it  a  stream  o\  carbon  dioxide.  The  serum- 
gkobuhn  is  parti.iUy  precipitated.  This  is  the  starting-point  of  a 
inethad  said  to  txr  the  best  for  obtaining  pure  seruin-globuUn. 

i<b)  Acidulate  some  serum  with  dilute  acetic  acid  and  boil.      I'^ilter 
oil  the  ct>agulum,  and  to  the  filtrate  add  silver  mtratc.      A  non- 
Icid  precipitate  insoluble  in  nitric  acid  but  soluble  in  ammonia 
IcAtcs  the  presence  of  chlorides. 

7.  Enumeration  of  the  Blood-corpuscles. — l^se  the  Thoma-Zeiss 
apparatus  (Fig.  13).  {1  \  Suck  a  drop  of  ox  or  dog's  blowl  up  into 
tfac  capillary  tube  S  to  the  mark  i.  Wipe  off  any  blood  which 
ly  aclhcre  to  the  end  of  the  tulw*  Then  fill  it  with  Hayem's 
ition  (p.  14)  or  3  per  cent,  sodium  clUoride  to  the  mark  101. 
This  represents  a  dilution  of  lOO  times.  Mix  the  blood  and  solution 
tlioruughly.  then  blow  out  a  drop  or  two  of  the  liquid  to  remove 
all  the  solution  which  remains  in  the  capillar^'  tube.  Now  hll  the 
•haUow  cell  B  vrith  the  blood  mixture.       Fut  the  cover-glass  on, 
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taking  care  that  it  docs  not  float  on  the  liquid,  but  that  the  cell  ial 
exactly  filled.  Put  the  slide  under  the  microscope  (say  Leitz's 
oc.  ill.,  obj.  5).  iLud  count  the  niinilK-T  of  red  corpuscles  in  not  less 
than  ten  to  iweiily  squares.  Sixteen  squares  is  a  good  routine 
number.  The  greater  the  nuinbcr  of  squares  counted,  the  nearer 
will  be  the  approximation  to  the  truth.  Now  take  the  average 
number  m  a  square.  The  depth  of  the  cell  is  ^{^  mm.,  the  area  of 
each  square  ^},i  sq.  mm.  The  volume  of  the  column  of  liquid 
standing  upon  a  square  is  j^^Vif^  cub.  mm.  One  cub.  mm.  of  the 
diluted  blood  would  tlierefore  contain  4,0(X)  times  as  many  corpuscles 
as  one  sqtiaro.  But  the  blood  has  been  diluted  nyd  times,  there- 
fore I  cub.  mm.  of  the  undiluted  blood  would  contain  400,000  times 
the  number  of  corpuscles  in  one  square.  Suppose  the  average  for 
a  square  is  found  to  be  13.  This  would  correspond  to  5,200,000 
corpuscles  in  1  cub.  mm.  of  blood.     Compare  your  result  with  the 
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Fiti.     13.  — TllUMA^Ztl^S    H.1{>IOCVrOMtTKK. 

Af,  mouth-piece  ol  tube  Ci,  by  which  bliX'd  is  suckc-d  intoS  ;  E,  bead  for  mixing  : 
a.  view  of  slide  from  above  :  h.  in  section  :  r.  squares  m  middle  of  B,  as  seen  under 
microscope. 

true  number  supphed  by  the  demonstrator.  (2)  Prick  the  finger 
to  obtain  a  drop  of  blood,  and  repeat  the  count  as  in  ( 1  ).* 

To  Count  the  White  Corpuscies. — Add  to  i  part  of  blood  9  parts 
of  \  per  cent,  acetic  acid,  in  order  to  lake  the  coloured  corpuscles 
and  render  it  easy  to  see  the  leucocytes. 

8.  Electrical  Conductivity  of  Blood. — (i)  Fill  a  small  U-tube  with 
blood  up  to  a  mark.  In  each  limb  insert  a  platinum  electrodet 
connected  with  a  holder,  which  insures  that  the  electrode  shall 
always  dip  to  the  same  depth  into  the  tube.  Arrange  the  U-tube 
so  tliat  it  is  immersed  at  least  to  the  mark  in  water  of  constant 
temperature.  Water  running  freely  from  the  cold-water  tap  into 
and  out  of  a  large  vessel  will  have  a  sufficiently  constant  temperature 
for  the  purpose.     A  thermometer  must  be  fixed  in  the  water  with 

•  If  the  tube  lias  not  been  properly  611ed.  blow  the  blood  out  inunedJ- 
atcly.     On  no  account  permit  it  to  clot  in  the  capillary  tube. 

♦  If  the  platinum  electrodes  arc  of  good  size  and  the  resistance  of  the  tube 
of  liquid  considerable,  it  is  not  necessary  to  platinize  them — i.e.,  to  cover 
them  by  electrolysis  of  a  solution  ol  platinic  chloride  with  a  layer  of 

*in- black. 
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Its  bulb  in  contact  with  the  U-tube.  Connect  the  electrodes  with  a 
tancc-box  in  the  Wheatstone'a  bridge  arrangement  (Fig.  i8o, 
37).  ao  tli.1t  the  U-tubc  occupies  the  position  of  the  unknown 
kucc  CD.  Instead  of  the  battery  H,  connect  the  poles  of  the 
QVCoadary  of  a  small  induction-coil,  arranged  for  an  interrupted 
it,  with  A  and  C,  and  instead  of  the  galvanometer  G  insert  a 
me.  The  resistances  AB  and  AD  (the  arms  of  the  bridge) 
obtained  by  taking  out  two  plugs  from  the  appropriate  part 

01  the  resistance-box.  Whether  the  arms  should  be  equal  (say, 
lo  :  lo.  lOO  :  loo,  or  i.ooo  :  i.ooo  ohras)  or  unequal  (say,  lo  :  ux^, 
or  lOO  :  I.ooo,  or  lo  :  !,oc»  ohms)  will  depend  upon  the  resistance 
of  the  tube  of  liquid  to  be  measured.  Take  out  from  the  part  of  the 
box  corresponding  to  BC  a  plug  representing  a  resistance  some- 
thing hkc  that  which  the  tube  of  blood  is  expected  to  have.  Close 
the  primary  circuit  of  the  induction-coil,  and  apply  the  telephone  to 
the  ear.  A  buzzing  sound  will  be  heard,  which  will  be  louder  the 
farther  from  the  true  resistance  of  the  tube  the  resistance  taken 
out  o(  the  l>ox  is.  Go  on  altering  the  resistance  in  the  box  by  taking 
out  or  putting  in  plugs  till  the  sound  disapjwars,  or  is  reduced  to  a 
minimum.  The  temjxiraturc  of  the  water  should  now  be  read  off. 
The  resistance  of  the  tube  of  blood  for  this  temwrature  can  easily 
be   calculated    from   the    formula    on    p.    537.     It   increases   about 

2  per  cent,  for  each  degree  Centigrade  of  diminution  of  tcm|jerature. 
Thr  conductivity  is  the  reciprocal  of  the  resistance.  By  determining 
once  lor  all  the  resistance  of  the  tube  when  hlled  with  a  standard 
sululion  of  a  salt  whose  conductivity  is  known,  the  specific  conduc- 

ivily  uf  the  blood  can  be  expressed  in  definite  units,  but  this  is  not 
s-sary  for  the  purposes  of  the  student.     Comivire  the  rcsisLinces 

defibrinated  blood,  serum,  0*9  per  cent,  sodium  chloride  solution, 
and  a  setliment  of  blood  corpuscles  separated  by  centrifugalization. 

{i)  Instead  of  the  resistiince-box  a  wire  mounted  on  a  scale  may 
be  used  for  the  bridge  arms  .^B,  .\D,  the  ends  of  the  wire  being 
connected  at  H  and  D.  \  slider  with  an  insulated  handle  movmg 
along  the  graduated  wire  is  jomed  by  a  Dexible  wire  with  one  pole 
of  Itie  secondary  coil,  the  other  pole  being  connected  at  C.  The 
rvststance  BC  is  constituted  by  a  rheostat  from  which  a  fixed  resist- 
ance can  be  taken  out.  Instead  of  obtaining  the  minimum  sound  in 
the  telephone  by  var>'infi  the  resistance  BC  in  the  box,  the  measure- 
ment is  made  by  varying  the  position  of  the  sUder  ;  in  other  words. 
by  chan^ng  the  ratio  AB  :   AD. 

(j)  If  no  rheostat  is  available  instructive  comparative  measure- 
meats  may  still  be  made  with  the  graduated  wire  by  substituting 
for  the  resistance  BC  a  U-tube  of  another  liquid. 

If  the  tut>es  are  of  the  same  dimensions,  and  the  licjuids  with  which 
they  arc  filled  arc  approximately  at  the  s;ime  initial  temi>eraturc, 
Jt  is  not  necessary  to  immerse  them  in  water  at  constant  temperature. 
It  is  sufficient  to  place  them  side  by  side  in  the  air.  Perform  the 
following  experiments  in  this  way  : 

(a)  Label  the  tubes  A  and  B.  Fill  them  both  to  the  mark  with 
OH*  jwr  cent.  NaCl  solution.  Connect  as  in  the  figure,  and  move  tJie 
■Uidor  along  the  wire  tiU  tlie  sound  is  a  minimum.  Probably  the  two 
tabes  are  not  exactly  of  the  same  dimensions,  and  therefore  the  slider 
will  not  be  exactly  in  the  nnddlc  of  the  wire.  Suppose  it  is  at 
4V0,  the  total  length  of  the  wire  being   100.      Then  resistance  of 

A  :  resistance  of  B  : ;  49*0  :  5i'0»  i.e„  resistance  of  A  =  '^  resistance 
ofB.  5» 
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(b)  Fill  A  with  defibrinated  blood,  keeping  B  filled  with  NaCl  solu- 
tion, and  rejHiat  the  measurement.  The  sUUer  must  now  be  moved 
mucti  fartlier  away  from  the  zero  of  the  scale.  Supjx>se  the  mini- 
mum sound  is  obtained  with  the  slider  at  jo-o.      Then  resistance  of 

blood=?  X  ^-    resistance  of  the  NaCl  solution. 
3     49 

(c)  Compare  in  the  same  way  the  resistance  of  serum  with  that  of 
the  NaCl  solution.    It  will  be  found  much  less  than  that  of  t!ie  blood. 

(rf)  Centrifugalire  some  of  the  blood  for  as  long  as  is  convenient, 
and  compare  the  resistance  of  the  blood  from  the  top  of  the  tubes 
aad  from  the  bottom  of  the  tubes  with  that  of  the  NaCl  solution. 
The  resistance  of  the  blood  from  the  bottom  of  the  tube-s  will  be 
found  much  greater  than  that  of  the  bluod  from  the  top. 

<:>.  Opacity  of  Blood.— Smear  a  htlle  iresh  bloo<l  on  a  glass  slide, 
and  huld  the  slide  above  some  printed  matter,  1 1  will  not  be  possible 
to  read  it.  because  the  light  is  reflected  from  the  corpuscles  in  all 
directions,  and  httle  o(  it  passes  Ihroufjh. 

ID.  Laking  of  Blood  by  Chemical  and  Physical  Agents.— (i)  Put  a 
little  fresh  blood  into  three  test-tubes,  A»  H  and  C.  Dilute  A  with  an 
equal  vohiine.  U  with  two  volumes,  and  C  with  three  volumes,  of 
distilled  water,  and  repeat  exncriment  9.  The  print  can  now  be  read 
probably  throuRh  a  layer  of  A,  but  certainly  through  B  and  C,  since 
the  ha;moglobiu  is  dissolved  out  of  the  corpuscles  by  the  water  and 
goes  into  solution,  the  blood  becoming  transparent  or  lakcd.  That 
the  difierence  is  not  due  merely  to  dilution  can  be  shown  by  putting 
au  equal  quantity  of  blood  in  two  test-tubes,  and  gradually  diluting 
one  with  distilled  water  and  the  other  ^vith  a  0*9  per  cent,  solution 
of  sodium  chloride,  which  docs  not  dissolve  out  the  haemoglobin. 
Print  can  be  read  through  the  first  with  a  smaller  degree  of  dilution 
than  through  the  second.  Examine  the  laked  blood  with  the 
microscope  for  the  *  ghosts,'  or  sliadovs  of  the  red  corpuscles.  The 
addition  of  a  drop  or  two  of  methylene  blue  vni\  render  them  some- 
what more  distinct. 

(2)  Heat  a  httle  dog's  or  ox  blood  in  a  test-tube  immersed  in  a 
water-bath.  Put  a  thermometer  in  the  test-tube,  taking  care  that 
there  is  enough  blood  to  cover  the  bulb.  Keep  the  temperature 
about  60"^  C.  In  a  few  minutes  the  blood  l>ecomes  dark  and  laking 
occurs. 

{})  {a)  Put  a  little  blood  into  each  of  four  test-tubes.  To  one  add 
a  little  ether,  to  another  a  little  chloroform,  to  the  third  dilute 
acetic  acid  in  0*9  jwr  cent.  NaCl,  and  to  the  fourth  a  dilute  solution 
of  bile  salts  (or  of  sodium  taurocholate)  in  0*9  per  cent.  NaCl 
solution.     Laking  occurs  in  all. 

(6)  To  5  c.c.  of  blood  add  0-5  c.c.  of  a  3  per  cent,  solution  of  saponin 
in  o'9  per  cent.  NaCl  solution,  and  put  the  mixture  at  40"  C.  Laking 
soon  occurs. 

(c)  Using  a  10  per  cent,  dilution  of  blood  (blood  to  which  nine 
volumes  of  NaCl  solution  have  been  added)or  a  5  percent,  suspension 
of  washed  corpuscles  in  NaCl  solution  {i.e.,  a  suspension  of  corjiusclcs 
which  have  been  washed  free  from  serum  by  being  repeatedly  mixed 
with  NaCl  solution  and  centrifugahzcd),  determine  the  minimum 
dose  of  o'3  per  cent,  saponin  solution  which  will  just  cause  complete 
laking.  Keep  the  tubes  at  about  40°  C,  and  observe  them  from 
time  to  time.  Now  add  to  some  of  the  10  per  cent,  dilution  or  the 
5  per  cent,  suspension  of  blood  an  equal  volume  of  scrum  from  the 
'e  kind  of  blood,  and  repeat  the  actcnnination  of  the  minimum 
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doM  of  satponifi  nccc8sar>-  ior  laking.  It  will  be  found  that  more 
ks  now  required.  Thecholestena  in  the  serum  neutraUzes  the  action 
of  »omc  of  tho  saponin. 

(4)  (a)  Put  I  c.c.  o(  blood  into  each  of  two  test-tubes.  To  one  add 
t  ex,  of  2  per  cent,  aqueous  solution  of  urea,  and  to  the  other  3  c.c. 
Inking  will  take  place  in  the  second,  whether  this  has  been  the  case 
m  the  first  or  not. 

{b)  Repeat  the  experiment  with  a  2  per  cent,  solution  of  urea  in 
trv  per  cent.  NaCl  solution.  Laking  does  not  occur.  This  shows 
that  the  urea  in  the  first  experiment  did  not  act  as  a  h^emolytic  agent. 
Lakiog  occurred  bt-c^'usc  urea  penetrates  the  corpuscles  easily,  and 
therefore,  although  the  frcczing-pomt  of  the  urea  solution  is  not  very 
different  from  that  o(  the  NaCI  solution,  its  actual  osmotic  pressure. 
in  relation  to  the  envelopes  of  the  corpuscles,  is  very  much  less, 
umI  the  laking  is  r«illy  water-laking. 

( 5 )  Put  some  blood  into  a  Aask  or  test-tube,  cork  up.  and  let  it  stand 
iiU  It  begins  to  putrefy.  It  becomes  laked.  The  same  occurs  when 
the  bluod  is  cullecteu  aseptically  in  a  sterile  tube  and  sealed  up. 
although  it  takes  a  longer  tunc  for  the  laking  to  become  complete. 

{(1)  With  blo<:>d  containing  nucleated  corpuscles  (nectunis.  frog 
or  chicken)  diluted  with  isotonic  salt  solution,  perform  the  following 
experiments  under  the  microscope  : 

la)  With  a  glrss  rod  drawn  to  a  fine  point  put  a  small  drop  of 
blood  on  a  slide,  and  near  it  a  drop  of  distilled  water.  Carcnilly 
lower  the  cover-slip  and  observe  the  interface  with  the  microscope, 
lirat  with  the  low  and  then  with  the  high  power.  Then  mix  and  see 
complete  lakiog.  Add  a  little  methylene  blue.  Note  that  the  nuclei 
still  stain. 

(fr)  Place  a  small  drop  of  a  3  per  cent,  solution  of  saponin  in 

is'>tonic  salt  solution  on  a  slide,  and  near  it  a  small  drop  of  blond. 

Ohrt/Tv.-  -iH  in  ((I).      Ko|XMt  with  a  2  per  cent,  solution  of  sodium 

tA'i  in    H.ilt    s'jliition.     If   necturus  corpuscles,   which   are 

Jj>ic  jIi  1  jLjccis  for  such  experiments  on  account  of  their  great  size, 

|MH|^HBiB8ed.  intracorpus:uU.r  crystallisation  of  the  haemoglobin 

RHp^Rnior\'cd . 

(c)  Repeat  ia)  and  {b)  with  mammalian  blood.  Note  that  the 
corpuscles  swell  befure  being  lakcd  by  the  saponin.  If  any  of  the 
corpuscles  are  croaated  it  may  be  seen  that  before  being  laked  by 
the  saponin  the  crenations  disappear,  the  corpuscles  becoming  round. 
while  in  the  taurucholatc  solution  they  may  remain  crenatod  till 
taking  ha»  (Kxurrcd.  This  indicates  that  the  pcrmeabihty  of  the 
cnvcJoncs  is  not  aflectcd  m  thr  same  way  by  the  two  laking  agents, 

II.  njemolxsis  and  Agglutination  by  Foreign  Serum. — (i)  To  a 
STiall  quAntitv  of  rabbit's  blmid  adtl  an  equal  volume  of  dog's  serum. 
Mix  .and  let  stand  at  40'  C  The  colour  of  the  blood  is  soon  darker 
i-Uiaa  before,  and  it  can  be  seen  to  be  laked.     Examine  niicroscopi- 

'•'jit)  Place  a  small  drop  of  rabbit's  blood  and  a  somewhat  larger 
drop  of  the  dog's  serum  on  a  slide,  near,  but  not  quite  in  contact 
wttn.  each  other.  Now  put  on  a  cover-sHp,  so  that  the  drops  just 
come  together,  and  examine  at  once  with  the  microscope  with  a 
moderately  high  power.  Where  the  two  drops  mingle,  the  red 
coTpfiadrs  will  be  seen  first  to  become  agglutinated  into  groups,  and 
then  to  fade  out.  leaving  only  their  "  ghosts.'  A  few  of  the  corpuscles 
which  come  into  conL-^ct  with  the,  as  yet,  undiluted  serum  may  be 
cotirely  di&solved. 
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(3)  Heat  some  of  the  dog's  scrum  to  60"  C.  for  ten  minutes,  and  ' 
repeat  (i)  and  (2).     No  laking  \sall  now  be  produced  in  the  rabbit's 
corpuscles,  but  agglutination  may  be  observed  as  before. 

(4)  Repeat  (i )  and  (2)  wth  dog's  blood  and  rabbit's  serum.  The  . 
blood  will  not  be  laked,  although  sometimes  the  dog's  corpuscles  \ 
may  become  crenated.     There  will  be  no  agglutination.  j 

(i;)  With  a  5  per  cent,  sus|}ension  of  rabbit's  washed  corpusclea  } 
perform  the  following  experiments  :* 

Put  into  each  of  six  small  test-tubes  1  c.c.  of  the  suspension. 
Label  tl\c  tubes  A.  A',  B,  B',  C,  C\ 

(a)  To  A  and  A'  add  rcsi>cctivc!y  o'l  c.c.  and  0*5  c.c.  ox  scrum, 

{h)  To  B  and  B'  add  respectively  o'l  c.c.  and  0*5  c.c.  dog's  scrum. 

( c )  To  C  and  C  add  resjiect  i vely  o*  i  c.c.  and  o*  5  c.c.  of  0*9  per  cent. 
sodium  cldinide  solution, 

Put  all  the  tubes  in  a  bath  at  40*^  C.  Compare  the  amount  of 
laking  and  aggliitinatioii  in  the  various  tubes  at  intervals  of  two 
minutes  or  less.  Rejxjat  (a),  (6),  and  [c)  with  guinea-pig's  washed 
corpuscles  and  serum  of  ox  and  dog.  Determine  which  of  these 
sera  has  the  strongest  ha^molytic  power,  f 

(6)  Heat  I  c.c.  of  ox  and  dog's  scrum  respectively  to  56°  C,  keeping 
it  at  that  tcmiicraturc.  or  not  more  than  a  couple  of  degrees  above 
it»  for  ten  minutes,  and  repeat  experiment  {5),  labelling  the  tubes 
D,  D'.  K,  E',  \\  K'.  Save  the  rest  of  the  heated  sera  for  (8}.  There 
is  ntj  laking  In  any  of  the  tubes,  but  probably  agglutination  in  D.  D', 
and  E,  \i\  (The  complement  is  destroyed,  but  not  the  mtermediary 
body  or  amboceptor,  or  the  agglutinin—  p.  21.) 

{-)  Put  lialf  of  the  contents  of  tubes  D,  D',  E,  E',  into  four  separate 
tost-hibes,  and  add  to  each  o'l  c.c,  of  rabbit's  serum.  If  there  is 
laking  now  it  is  because  the  rabbit's  serum  contains  complement. 
Save  the  balance  of  D.  D'.  E  and  E'  for  [»). 

(8)  Allow  05  c.c.  of  ox  serum  to  act  at  o^  C.  on  the  rabbit's 
washed  corpuscles  contained  in  5  c.c.  of  the  5  jjer  cent,  suspension 
after  removal  of  llic  sodium  chloride  solution.  The  ox  scrum  and 
rabbit's  corpuscles  are  separately  cooled  to  o"^  C.  before  being  mixed, 
and  the  mixture  is  then  kept  ato"  C.  for  one  hour.  Ccntrifugalize  the 
serum  off  rapidly.  Label  it  '  Scrum  S.*  To  0*2  c.c.  of  the  original 
5  iier  cent,  suspension  of  rabbit's  washed  corpuscles  add  n'l  c.c.  of 
this  scrum  (labelling  the  tube  (*»).  and  put  at  40^  C.  with  acontrol-tube 
containing  the  same  amount  of  susj^nsion  plus  salt  solution  instead 
of  serum.  Add  the  rest  of  the  serum  S,  cooled  to  o'  C,  to  the  same 
cooled  rabbit's  coq>usclcs,  and  leave  for  a  further  period  at  o"  C. 
Then  centrifugalize  rapidly,  and  to  o'2  c.c.  of  the  original  suspension 
of  washed  rabbit's  corpuscles  add  o"i  c.c.  of  serum  S  (labelling  tlie 
tube  H).  and  put  at  40"  C.  with  a  sodium  chloride  tube  i\s  control. 
There  may  be  no  laking  in  cither  G  or  H,  or  if  there  is  laking  it  may 

♦  The  material  obtained  from  one  medium-sized  do^.  two  rabbits,  and 
one  guinea-pig  is  enough  for  (ilty  or  sixty  students,  working  together  in 
sets  of  two,  to  perform  cKperiments  (5)  to  (8). 

t  To  determine  the  amount  of  laking  at  any  ^iven  moment,  drop  the 
small  lest-lube,s  into  the  mctalHc  centriiuge  cups  alttrr  shaking  them  up, 
and  centrifugalize.  A  very  short  time  is  sufficient  to  separate  a  clear 
supermitaiil  liquid,  from  thp  tmt  ol  which  the  t-xtcnt  of  the  hirmolysis 
can  Im!  deduced.  Before  rcplacnig  thu  tubes  in  the  thermostat,  thev  should, 
of  course,  be  shaken  up.  Small  test-tubes  of  about  1^  mm.  internal  diameter 
and  short  cnougti  to  go  conveniently  into  the  centrifuge  cups  are  the  most 
serviceable. 
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be  greater  in  G  than  in  H.     The  intermediary'  body  has  been  removed 
(mm  serum  S  by  the  rabbit's  corpuscles.     Add  o'l  c.c.  of  this  '  in- 
»L-ti«*alcd  '  serum  to  the  balance  of  D,  D',  and  E,  E'  (left  from  6), 
A^pKwill  occur  because  the  scrum  S  contains  complement,  and  the 
■pKMnSnim  added  in  (6)  to  these  tubes  contains  interniediary  body. 
^itaSlthe  rabbit's  corpuscles  wlxich  have  been  treated  with  ox  serum 
at  tf"  C.  with  cooled  sodium  chloride  solution.     Add  to  them  some  of 
serum  S  (that  from  the  top  of  tube  H  will  do  if  no  more  is  left),  and 
n«t  at  40^  C.     liking  will  occur,  showing  that  the  intermediary 
body  was  fixed  bv  the  rabbit's  corpuscles  at  o"  C.     To  a  further 
portion  of  the  washed  rabbit's  corpuscles  which  were  treated  with  ox 
Mmm  at  o"  C.  add  normal  rabbit's  serum,  and  put  at  40^  C.     If 
Uking  occurs  it  is  because  the  rabbit's  serum  contains  complement. 
Dog's  scrum  may  be  used  instead  of  ox  scrum  for  experiment  (8). 
li.  Ounotic  Resistance  of  the  Coloured  Corpuscles. — Fill  a  burette 
with  *  I  per  cent,  solution  of  scxlium  chloride  and  another  with  dis- 
tilled water.     Take  a  scries  of  ten  test-tubes  and  run  into  the  first 
f»  c.c.  of  the  NaCl  solution,  into  the  second  5*H  c.c,  into  the  third 
5"6  CO..  and  so  on,  always  making  a  difference  of  o'2  c.c.  between 
each   two  successive  test-tubes.     From  the  other  burette  run  in 
enough  distilled  water  to  make  up  10  c.c.  of  solution  in  each  tube — 
that  is,  4  c.c.  of  distilled  water  for  the  first  tube.  4*  j  c.c.  for  the  second. 
mad  »o  on.     Shake  up.     The  tubes  now  contain  a  series  of  solutions 
of  salt  differing  in  strength  by  o'o.j  per  cent,  in  successive  tubes,  the 
strongest  being  o'6  per  cent.,  and  the  weakest  o'4J  percent.    Number 
I  the  tubes  i    to  10.  beginning  with  the  strongest  solution.      Put  into 
LQi^ch  tube  one  drop  of  perfectly  fresh  blood.     Shake  moderately  so  as 
■iK'mix  the  bl'3od  and  salt  solution,  and  allow  the  tubes  to  stand  for 
EHb  to  thirty  minutes.     Observe  the  colour  of  the  clear  hquid  above 
Ihc  aedimcnt  of  corpuscles.     Determine  in  which  tube  the  hrst  tinge 
of  hvmoRlobin  appears.     The  next  higher  concentration  of  the  salt 
solution  IS  that  in  which  all  the  corpuscles  are  just  able  to  retain  their 
h^moglnbin,  and  is  a  measure  of  the  minimum  osmotic  resistance 
j  of  the  corpuscles,  or  the  resistance  of  the  weakest  corpuscles.    Repeat 
'  with  blood   which   has  stood  at  room   temperature   for   twelve  to 
lurcnly-four   hours.     For  clinical   puq^oses   tubes,   each  containing 
J  C.c.  of  salt  solution,  may  be  used.     A  single  drop  of  blood  can  then 
be  distributed  between  the  tubes  with  a  fine  pipette  or  a  glass  rod. 
twiginning  with  the  most  concentrated  solution,  and  pas.sing  down 
to  the  less  concentrated.     The  blood  must  be  thslributed  rapidly 
'  t>eforc  coagulation  occurs.     Only  such   concentrations  of   the  salt 
Mfljlution  as  are  known  to  correspond  to  the  possible  variations  of  the 
■Bpllotic  resistance  for  any  particular  disease  or  for  any  particular 
s^nety  of  bloi»d  need  be  employed. 

1.^.  Blood-pigment~(i )   Preparation   of   Hsemoglobin    Crystals. — 

(«)  To  a  httle  dog's  blood  in  a  narrow  test-tube  add  its  own  volume 

r  or  twice  its  volume  of  chloroform.     Invert  the  tube  ten  or  twelve 

tiroes  50  as  to  allow  the  chloroform  to  act  on  the  blood,  but  avoid 

\'iolcnt  shaking.     When  the  tube  is  now  allowed  to  stand  for  a  few 

Iminutcs  the  lakcd  blood  all  nscs  to  the  top.      Remove  a  little  of  the 

Biyer  of  blood  without  takmg  with  it  any  of  the  chloroform  layer, 

I^M  examine   the   oxyh;pmoglol>in   crystals   with   the   microscope. 

[They  fonn  long  rhombic  prisms  and  ne<'dlcs. 

L  (h)  Add  a  httle  crude  saponin  to  dog's  blood  in  a  test-tube.  Shake 
Wg>  well,  and  allow  it  to  stand  till  the  colour  becomes  dark.  Then 
^^kkr  vigorously,  and  a  m^iss  of  hemoglobin  crj'stals  will  be  formed. 
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{c)  Put  a  imall  drop  of  guinea-pig's  blood  on  a  slide.  Mix  u-ith  a 
drop  of  Canada  balsana  and  cover.  Tetrahcdral  crystals  of  oxy- 
hactnoglobin  will  form  after  a  time.      Ihe  slide  may  be  kept. 

(2)  Spectroscopic  Examination  of  Hsemoglobin  and  its  Derivatives. 
— (a)  With  a  small,  direct-vision  spectroscope  look  at  a  bright  part  of 
the  sky  or  a  white  cloud.  Focus  by  pulling  out  or  pushing  in  the  eye- 
piece until  the  numerous  fine  dark  lines  (Fraunhofer's  lines),  running 
vertically  across  the  spectrum,  are  seen.  Narrow  the  slit  by  moving 
the  milled  edge  till  the  lines  arc  as  sharp  as  they  can  be  made.  Note 
especially  the  line  D  in  the  orange,  the  hnes  E  and  b  in  the  green, 
and  F  in  the  blue.  Always  hold  the  spectroscope  so  th:tt  the  red  is 
at  the  left  of  the  held.  Now  dip  an  iron  or  platinum  wire  with  a 
loop  on  the  end  of  it  into  water,  and  then  into  some  common  salt  or 
sodium  carbonate,  and  fasten  or  hold  it  in  the  flame  of  a  lishtail 


Fig.  i^. — Spectroscopic  Examination  of  BLoon-MfittXNT. 


burner.  On  examining  the  flame  with  the  spectroscope,  a  bright 
yellow  line  will  he  seen  occupving  the  position  of  the  dark  line  D  in 
the  .solar  spectrum.  This  is  a  convenient  line  of  reference  in  the 
spectrum,  and  in  studying  the  upcctra  of  haemoglobin  and  its  deri- 
vatives, the  position  of  the  absorption  bands  with  regard  to  the  D 
hne  should  always  be  noted.  The  dark  lines  in  the  solar  spectrum 
arc  due  to  the  absorption  of  light  of  a  definite  range  of  wave-lengths 
by  metals  in  a  slate  of  vapour  in  the  sun's  atmosphere,  and  of  course 
no  dark  lines  are  seen  in  the  spectrum  of  a  gas-flame.  T*nt  some 
defibrinatcd  blood  into  a  test-tube.  Fivsten  it  vertically  in  a  clamp 
in  front  of  the  flame  and  examine  it  with  the  spectroscope,  holding 
the  latter  in  one  hand  with  tlie  slit  close  to  the  test-tube.  ;iul  focus- 
sing the  eyepiece  with  the  other.  Or  arrange  the  spectroscope,  test- 
tube  and  gas-flame  on  a  stand  as  ia  Fig.  14.  Nothing  can  be  seen  till 
the  blood  is  diluted.     Four  a  little  of  the  blood  into  another  test- 
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tube,  and  go  on  diluting  till,  on  focussing,  two  bands  of  oxykipmoghbin 
m  iccQ  iu  the  position  indicated  in  Fig.  8.  Draw  the  spectrum  ; 
tfaen  dilute  still  more,  and  observe  which  of  the  bands  first  dis- 
tpcarft.  Now  put  $  c.c.  of  the  blood  mto  another  test-tube,  and 
lute  it  with  four  times  its  volume  of  water.  Take  5  c,c.  of  this 
Intion.  and  again  add  four  times  as  much  water,  and  so  on  till  the 
lution  IS  only  faintly  coloured.  Note  with  what  dcRrcc  of  dilution 
bands  disappear.  Then  examine  each  of  the  solutions  with  the 
__  *i«cope  and  draw  its  si>cctrum. 

(6)  Make  a  solution  of  blood  which  shows  the  oxyhemoglobin 
inds  sharply.  Add  some  ammonium  sulphide  solution  to  reduce 
Ihe  oxyh^pmoglobin.  Heat  gently  to  about  body  teni[>eralure.  A 
ingle.  iU-detmed  band  now  api>ears,  occupying  a  {losition  midway 
'tween  the  oxyliaimoglobin  bands,  and  the  latter  disappear.  This 
the  band  of  ftduci'd  hi^mofiiobin  (Fig.  8). 

(r)  Carbonic  Oxide  Hirmogiobtu. — Pass  conl-gas  through  blood  for 
Loiisiderablc  time.  Examine  some  of  the  blood  (after  dilution) 
I'lih  The  spectroscope.  Two  bands,  almost  in  the  position  of  the 
lyha^moglobin  bands,  are  seen  ;  but  no  change  is  caused  by  the 
Idition  of  ammonium  sulphide,  since  carbonic  oxide  haemoglobin 
tt  a  more  stable  compound  than  oxyhemoglobin. 

{d)  Afetka-mogiobin. — Put  some  blood  into  a  test-tut)c,  add  a  few 
lroj»  ot  a  solution  of  ferricyanide  of  potassium,  and  heat  gently.  On 
ilutm^  a  well-marked  band  will  be  seen  in  the  red.  On  addition 
imonium  sulphide  this  band  disappears  ;  the  oxyhaemoglobin 
arc  seen  for  a  moment,  and  then  give  place  to  the  band  of 
iCftd  haemoglobin  {Fig.  X). 
(e)  Actd  HiTntatin. — To  a  little  diluted  blood  add  strong  acetic 
Ltd  and  heat  gently.  The  colour  becomes  brownish.  The  spectrum 
wiu-5  a  biind  in  the  red  between  C  and  D,  not  far  from  the  pfisition 
Ibc  band  of  meth^mogtobin.  The  addition  of  a  drop  or  two  of 
>nium  sulphide  causes  no  change  in  the  s{)ectrum.  and  tlus  is  a 
of  distinguishing  acid-haematin  from  mctluEmoglobin.  If 
lore  ammonium  sulpiudc  t)c  added.  iia?matin  will  be  precipitated 
rhrn  the  acid  solution  has  been  rendered  neutral,  and  a  further 
Idition  of  ammonium  sulphide  or  sodium  hydrate  will  cause  the 
itin  to  be  again  dissolved,  a  solution  of  alkaline  hjcmatin  being 
This  in  its  turn  may  be  reduced  by  an  excess  of  ammonium 
ide.  and  the  spectrum  of  lia'mochromogen  mav  t>e  obtained 
;.  8). 

Since  the  watery  solution  of  acid  hfematin  obtained  as  above  is 
lually   somewhat    turbid,   a  solution   in   acid   ether   is  sometimes 
iplovcd  for  s[*rctroscopic  examination.     Add  to  a  little  undiluted 
Irhbrinatcd  blnod  about  half  ifci  volume  of  glacial  acetic  acid,  and 
icn  not  less  than  an  equal  volume  of  ether.     Mix  well,  pour  off  the 
sal  extract  and  examine  it  with  the  spectroscope,  diluting,  if 
\  with  ether  and  glacial  acetic  acid.     It  shows  a  strong  band 
red  bomowhat  farther  from  the  D  line  than  the  methsemo- 
lobin  t>and.     <->n  dilution,  three  additional  fainter  bands  may  be 
i-n, 

(/)  Aikalinf  liumuhn. — To  diluted  blood  add  strong  acetic  acid 

ml  'A,\y\\\  gently  for  a  few  minutes.     Then,  when  the  spectroscopic 

«m  of  a  s.imple  shows  that  acid-h^matin  has  been  formed. 

;ii  •'  with  sodium  hydrate.     A  brownish  precipitate  of  ha?matin 

thrown  down,  which  dissolves  in  an  excess  of  sodium  hydrate, 

iv&og  a  solution  of  alkaline  hxmatin  (or  alludi-hicmatin). 
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Or  add  sodium  hydrate  to  blood  directly,  and  warm  for  a  couple  of 
minutes  after  the  colour  has  changed  decidedly  to  brownish -black. 
The  si>ectrum  of  alkaline  hccmatin  is  a  broad  but  ill-defined  band 
just  ovcrlapuing  the*  D  line,  and  situated  chielly  to  the  red  side  of  it 
(Fig.  8).  The  solution  should  be  shaken  up  with  air  before  being 
examined,  as  some  of  the  alkali-hzematin  is  changed  into  haemo- 
chromogen  by  reducing  substances  formed  by  the  action  of  the  alkali 
on  the  blood. 

(g)  Hipmochromagen, — To  a  solution  of  alkaline  hscmatin  add  a 
drop  or  two  of  ammonium  sulphide.  The  band  near  D  disappears, 
and  two  bands  make  their  appearance  in  the  green  (Fig.  S), 

(/i)  Hctmatoporphyrin. — Put  some  strong  sulphuric  acid  in  a  test- 
tube.  Add  a  few  drojjs  of  blood,  agitate  the  Lest-tube  till  the  blood 
dissolves,  .".nl  ox;imine  the  puri:>le  liquid,  diluting  it.  if  necessary, 

with  sulphuric 
acid.  T  ts  spec- 
trum shows  two 
wcl!  -  marked 
bands,  one  just  to 
the  k-ft  uC  D,  and 
the  other  midway 
between  D  and  E 
(Fig.  8). 

[%)  Guaiacum 
Test  for  Blood.— 
A  test  for  blood 
— mxich  used  in 
Iit^spitals.  and, 
indeed,  a  delicate 
u  n  e,  but  not 
always  t  r  u  st  - 
worthy  unless  cer- 
tain precautions 
be  taken — is  the 
guaiacum  test.  A 
drop  of  freshly- 
prepared  tincture 
of  guaiacum  is 
added  to  the  liquid 
to  be  tested,  and 
then  oznmc  ether 
(jjeroxide  of  hy- 
drogen). If  blood 
be  present,  the  guaiacum  strikes  a  blue  colour.  The  decomposition  of 
the  peroxide  by  the  blood  is  due  to  the  stroma  of  the  corpuscles  not 
to  the  pigment,  and  other  '  oxygen-carriers  '^e,g,,  fresh  vegetable 
protoplasm,  milk,  seminal  fluid,  and  pus — will  cause  the  same  colour 
(p.  234).  The  test  is  chiefly  of  value  its  a  negative  test.  When  the 
blue  colour  is  no/ obtained,  we  have  good  evidence  that  blood  is  absent. 
{\\  Quantitative  Estimation  of  Haemoglobin— (rt)  By  Hatdane's 
Xtoilificatwn  of  Cowers'  HtemogiohinotutiUr.-^Viacv  in  the  graduated 
tube  B  (Fig.  15)  an  amount  of  water  less  than  will  ultimately  be 
required  to  tlilute  the  blood  to  tlie  required  tint.  Puncture  the 
finger  or  lobe  of  the  ear  with  one  of  the  small  Umcets  in  F,  and  fill 
the  capillary  pipette  D  to  a  little  beyond  the  mark  20.  Wipe  the 
point   o(    the    pifietle   and  dab  it   on   a   piece   oJ   filter-paper  tUl 


Flo    15. — HALDANe's      MoDtFICATlO.N    OF    GoWERS' 

H.eMOr.LnBl  NO  METER. 
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the  blood  stands  exactly  at  the  mark.  Blow  the  blood  into  the 
water  m  B,  and  rinse  the  pipette  with  the  water.  Attach  the  cap 
of  tube  G  to  a  gas-burner.  Introduce  the  rubber  tube  into  B 
nearly  to  the  level  of  the  water,  and  allow  gas  to  pass  for  a 
few  seconds.  Withdraw  the  tube  while  the  gas  is  still  passing. 
Immediately  close  the  end  of  B  with  the  finger,  and  move  the 
ttibe  so  that  the  liquid  jxisses  from  end  to  end  of  it  at  least  a  dozen 
times,  to  saturate  the  hEemoglobin  with  carbonic  oxide.  While  this 
is  being  done,  the  tube  should  he  held  in  a  cloth,  othen.vise  it  will 
become  heated,  and  liquid  will  spurt  out  when  the  finger  is  removed. 
Water  is  now  added  un>p  by  drop  \vith  the  pij>ette  stopper  of  the 
bottle  K,  which  is  used  for  holding  the  water,  the  tube  being  mverted 
after  each  addition,  till  the  tint  in  B  is  the  same  as  that  in  A.  In 
comparing  the  tubes,  they  should  be  held  against  the  light  from  the 
sky  or  from  an  opal  glass  lanip-shade.  It  is  necessary  to  transpose 
the     tubes    rcpcatcdlv- 

The  level  at  which  the  a         a' 

tints  arc  equal  is  read 
oil  on  B  half  a  minute 
after  the  addition  of 
the  last  drop  of  water. 
Water  is  now  again 
added  by  drops  till  the 
tint  in  B  is  just  notice- 
ably weaker  than  in  A, 
and  the  mean  of  the  two 
readings  is  taken.  The 
result  is  the  percentage 
actually  present  of  the 
average  proportion  of 
haemoglobin  in  the  blood 
of  healthy  adult  iiutles. 
Healthy  women  give  an 
average  of  only  St)  per 
cent.,  and  healthy  chil- 
dren an  average  of  only 
87  per  cent.,  of  the  pro- 

Eurtion  in  men.  The 
quid  m  A  is  a  I  per 
cent,  solution  of  blood 
containing   the  average 

percentage  of  hicmoglobin  found  in  the  blood  of  healthy  adult  males, 
and  haWng  an  oxygen  capacity  of  18*5  per  cent. — i.e.,  tcxj  c.c.  of 
the  blood  with  wliich  the  standard  was  made  would  take  up  in 
combination  from  air  18*5  c.c.  of  oxygen.  The  solution  in  A  has 
been  saturated  with  carbonic  oxide. 

This  method  is  probably  more  accurate  than  any  other  used  in 
clinical  work,  the  error,  in  the  hands  of  an  cxiwrienccd  observer,  not 
exceeding  i  per  cent, 

(/>)  Jiy  Fietschi's  Hcvmomeier  (Fig.  16), — Fill  with  distilled  water 
that  compartment  a'  of  the  small  cylinder  (above  the  stage)  which  is 
over  the  tinted  wedge.  I*ut  a  little  dislillrd  water  into  the  other  com- 
partment a.  Now  prick  the  tinger  and  fill  one  of  Ihe  sni.ill  capillary 
tubes  with  blo<»d.  See  that  none  i\i  the  blriod  is  smeared  on  the 
outside  of  the  tube.  Then  wash  all  the  blood  nilo  the  water  in  com- 
partment a,  and  fill  it  to  the  brim  with  distilled  water.     By  means  of 


Fin.    16.-    1  LI 
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the  milled  head  T  move  the  tinted  wedge  K  till  the  depth  of  colour 
is  the  same  in  the  two  compartments.  The  percentage  of  the  normal 
quantity  of  heemoglobin  is  given  by  the  graduated  scale  P.  For 
example,  if  the  reading  is  go,  the  blood  contains  go  per  cent,  of  the 
normal  amount  ;  if  ujo,  it  contains  the  normal  quantity.  The 
observations  should  be  made  in  a  dark  room,  the  while  surface  S, 
arranged  below  the  compartments  a  and  a',  being  illuminated  by  a 
lamp.  Or  the  instrument  may  be  placed  in  a  small  box,  hghtcd  by  a 
candle.  It  is  best  that  each  result  should  be  the  mean  of  two  readings, 
one  just  too  large  and  the  other  just  too  small.  In  any  case  the  in- 
strument docs  not  pve  readings  accurate  to  less  than  5  per  cent. 

(f)  Hoppe-Seyler's  Method. — Two  parallel-sided  glass  trouglis  arc 
used.  In  one  is  put  a  standard  solution  of  oxyhemoglobin  of  known 
strength,  in  the  other  a  measured  quantit\'  of  the  blood  to  be  tested. 
The  latter  is  diluted  with  water  until  its  tint  appears  the  same  as  that 
of  the  standard  solution,  when  the  troughs  are  placed  side  by  side  on 
white  paj>cr.  From  the  qiiantit%  of  water  added  it  is  easy  to  calcu- 
late tlie  proportion  of  hemoglobin  in  the  undiluted  blood.  Greater 
accuracy  is  obtained  if  the  haemoglobin  in  the  standard  solution  and 
that  of  the  blood  arc  converted  into  airbonic  oxide  haemoglobin  by 
passing  a  stream  of  coal-gas  through  them. 

id)  Tallquist's  Method. — In  this  method  the  tint  produced  by  a 
drop  of  blood  on  a  piece  of  white  filter-paper  is  compared  with  a  scale 
representing  10  percentages  of  hiemoglobin  (from  10  to  100  per 
cent.).  The  standard  hlter- paper  is  supplied  in  the  form  of  a  book 
with  the  scale.  1\>  make  an  estimation,  all  that  is  necessary  is  to 
touch  a  drop  of  blood  with  a  piece  of  the  filter-papiT,  and  allow  the 
blood  to  diffuse  slowly  through  the  jmper,  so  as  to  give  an  even  stain. 
The  position  of  the  stain  is  then  determined  by  the  scale  ;  e.g..  it  may 
be  deeper  than  go,  but  fainter  than  100,  in  which  case  the  iwrcentagc 
of  hsemnglobin  lies  between  oo  and  100.  The  method  is  by  no  means 
a  very  accurate  nne,  but  more  accurate  than  it  appears  at  first  sight. 

(5)  Microscopic  Test  for  Blood-pigment.  Put  a  drop  of  blood  on 
a  slide.  Allow  the  blood  to  drv  or  heat  it  gently  over  a  liamCr  so  as  to 
evaporate  the  water.  Add  a  drop  of  glacial  acetic  acid  ;  put  on  a 
cover-glass,  and  again  heat  slowly  till  the  liquid  just  begins  to  boil. 
Take  the  slide  away  from  the  flame  for  a  few  seconds,  then  heat  it 
again  for  a  moment  :  and  repeat  this  process  two  or  throe  times. 
Now  let  the  slide  co<5l.  and  examine  with  the  microscope  (high  power). 
The  small  black,  or  brownish-black,  crystals  of  hsemin  will  be 
seen.  This  is  an  important  test  where  only  a  minute  trace  of 
blood  is  to  be  examined,  as  in  some  medico-legal  cases.  If  a  blood- 
stain is  old,  a  minute  crystal  of  sodium  ehloridc  should  be  cidded  along 
with  the  glacial  acetic  acid.  Fresh  bhfod  contains  enough  sodium 
chloride. 

A  blood-stain  on  a  piece  of  cloth  may  first  of  all  be  snaked  in  a 
small  quantity  of  distilled  water,  and  the  liquid  examined  with  the 
sjwctroscope  or  the  micro-spectrosco|>e  (a  microsco]>e  in  which  a 
small  sjjectroscope  is  substituted  for  the  eyepiece^.  Then  eva|>orate 
the  liquid  to  dryness  on  a  water  bath,  and  apply  the  ha;miu  test. 
Or  perform  the  ha;min  test  directly  on  the  piece  of  cloth.  In  a  fresh 
stain  the  blood-corpuscles  might  be  recognised  under  the  microscope. 
Very  few  liquids,  however,  are  available  for  washing  out  the  blood, 
as  all  ordinary  solutions,  and  even  serum  itself,  cause  laking  of  dried 
corpuscles  (Guthrie).  Absolute  alcohol,  or  ^5  per  cent,  potassium 
hydroxide,  may  be  used  to  soak  and  rub  up  the  cloth  in. 


CHAPTER  II 

THE  CIRCULATION  OF  THE  BLOOD  AND  LYMPH 

The  blood  can  only  fulfil  its  functions  by  continual  movement. 
This  movement  implies  a  constant  transformation  of  energy  ; 
and  in  the  animal  body  the  transformation  of  energy  into 
mechanical  work  is  almost  entirely  allotted  to  a  special  form  of 
tissue,  muscle.  In  most  animals  there  exist  one  or  more  rhyth- 
mically contractile  muscular  organs^  or  hearts,  upon  which  the 
chief  share  of  the  work  of  keeping  up  the  circulation  falls. 

Comparatiye. — In  Echinus  a  contractile  tube  connects  the  two 
vascular  rings  that  surround  the  beginning  and  end  of  the  alimentary 
canaUand  plays  the  part  of  a  heart.  In  the  lower  Crustacea  and  in 
insects  the  heart  is  simply  the  contractile  and  generally  sacculated 
dorsal  bloodvessel ;  in  the  higher  Crustacea,  such  as  the  lobster,  it  is 
a  well-defined  muscular  sac  situated  dorsally.  A  closed  vascular 
system  is  the  exception  among  invertebrates.  In  most  of  them  the 
blood  passes  from  the  arteries  into  irregular  spaces  or  lacunae  in  the 
tissues,  and  thence  finds  its  way  back  to  the  heart.  Amphioxus,  the 
lowest  vertebrate,  has  a  primitive  lacunar  vascular  system  ;  a 
contractile  dorsal  bloodvessel  serves  as  arterial  or  systemic  heart,  a 
contractile  ventral  vessel  as  venous  or  respiratory  heart.  From  the 
latter,  vessels  go  to  the  gills.  Fishes  possess  only  a  resoiratory  heart, 
consisting  of  a  venous  sinus,  auricle,  and  ventricle.  This  drives  the 
blood  to  the  gills,  from  which  it  is  gathered  into  the  aorta ;  it  has 
thence  to  find  its  way  without  further  propulsion  through  the 
systemic  vessels.  Amphibians  have  two  auricles  and  a  single 
ventricle ;  reptiles,  two  auricles  and  two  incompletely-separated 
ventricles.  In  birds  and  mammals  the  respiratory  and  systemic 
hearts  are  completely  separated.  The  former,  consisting  of  the  right 
auricle  and  ventricle,  propels  the  blood  through  the  lungs  ;  the  latter, 
consisting  of  the  left  auricle  and  ventricle,  receives  it  from  the  pul- 
monary veins,  and  sends  it  through  the  systemic  vessels. 

General  View  of  the  Circulation  in  Man. — The  whole  circuit  of  the 
blood  is  divided  into  two  portions,  very  distinct  from  each  other, 
both  anatomically  and  functionally — the  respiratory  or  lesser  circula- 
tion, and  the  systemic  or  greater  circulation.  Starting  from  the  left 
ventricle,  the  blood  passes  along  the  systemic  vessels — arteries, 
capillaries,  veins — and,  on  returning  to  the  heart,  is  poured  into  the 
right  auricle,  and  thence  into  the  right  ventricle.  From  the  latter 
it  is  driven  through  the  pulmomiry  artery  to  the  lungs,  passes 
through  the  capillaries  of  these  organs,  and  returns  through  the  pul- 
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monary  veins  to  the  left  auricle  and  ventricle.  The  portal  system, 
which  'gathers  up  the  blood  from  the  intestines,  forms  .1  kind  of 
loop  on  the  systemic  circnhitifm.  The  lymph- current  is  also  in  a 
sense  a  slow  and  stagnant  side-stream  of  tUu  blood-circulation  ;  for 
substances  are  constantly  passing  from  the  bloodvessels  into  the 
lymph-spaces,  and  returning,  although  aEter  a  comparatively  long 
inten.-al.  into  the  blood  by  the  \:,\m3X  lymphatic  trunks. 

Physiological  Anatomy  of  the  Vascular  System,— The  heart  is  to  be 
looked  tipon  as  a  portion  *if  a  bhiudvcsscl  which  has  been  modified  to 
act  as  a  pump  for  driving  tho  blood  in  a  definite  direction.  Morpho- 
logically it  is  a  bloodvessel;  and  the  physiological  property  of  auto- 
matic rhythmical  contraction 
which  belongs  to  the  heart  in  so 
cniincnt  a  degree  is,  as  has  been 
mentioned  (p.  61 ),  an  endow- 
ment of  bloodvessels  in  many 
animals  that  possess  no  localized 
heart.  Even  m  some  mammals 
contractile  blood%'essels  occur  ; 
the  veins  of  the  bat's  wing,  for 
rxamplc.  beat  with  a  regular 
rhylhm.  and  perform  the  function 
nf  accessory  hearts. 

The  whole  vascular  system  is 
lined  with  a  single  layer  of  endo- 
thelial cells.  In  the  capillaries 
nothing  else  is  present ;  the  endo- 
thelial layer  forms  the  whole 
thickne&s  of  the  wall.  In  young 
animals,  at  any  rate,  the  cndo- 
thchal  cells  of  the  capillaries  arc 
capable  of  contracting  when 
stimulated  ;  and  changes  in  the 
calibre  of  these  vessels  can  be 
brought  about  in  this  way.  The 
walls  of  the  arteries  and  veins 
arc  chiefly  made  up  of  two  kinds 
of  tissue,  which  render  them 
distensible  and  clastic  :  non- 
stri|wd  muscular  fibres  and 
yellow  elastic  fibres.  The  mus- 
cular fibres  are  mainly  arranged 
as  a  circvdar  middle  coat,  which, 
especially  in  the  smaller  arteries,  is  relatively  thick.  One  con- 
spicuous layer  of  elastic  fibres  marks  the  boundary  between  the 
middle  and  inner  coats.  In  the  larger  arteries  clastic  laminas 
are  also  scattered  freely  among  the  muscular  fibres  of  the  middle 
coat.  The  outer  coat  is  comjiosed  chiefly  of  ordinary  connective 
tissue.  The  veins  differ  from  the  arteries  in  having  thinner  walls, 
with  the  layers  less  distinctly  marked,  and  containing  a  smaller 
proportion  of  non-striped  muscle  and  elastic  tissue  ;  although 
m  some  veins,  those  of  the  pregnant  uterus,  for  instance, 
and  the  cardiac  ends  of  the  large  thoracic  veins,  there  is  a 
great  development  of  muscular  tissue.  Further,  and  this  is  of 
priuie  physiological  importance,  valves  are  present  in  many  veins. 
These  are  (semilnnarj^lolds  of  the  internal  coat  projecting  into  the 
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Fir..  17.— Diagram  of  the  General 
Course  op  the  Circulation. 
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lumen  in  such  a  direction  as  to  favour  the  flow  of  blood  towards 
the  heart,  but  to  check  its  return.  In  some  veins,  as  the  venae  cavae, 
the  pulmonary'  veins,  the  veins  of  most  internal  organs,  and  of  bone. 
there  are  no  valves  ;  in  the  portal  system  they  are  rudimentary  in 
man  and  Uie  great  majt)rity  of  mammals.  The  valves  are  especially 
well  marked  in  the  lower  limbs,  where  the  venous  circulation  is  uphill. 
>^^leu  a  valve  ceases  to  perform  its  function  of  supporting  the  column 
of  blood  between  it  and  the  valve  next  above,  the  foundation  of 
varicose  veins  is  laid  ;  the  valve  immcdiatelv  below  the  incompetent 
one.  having  to  bear  up  roo  great  a  weight  of  blood,  tends  to  ^icld  in 
Its  turn,  and  so  the  condition  spreads.  The  smallest  veins,  or 
venules,  arc  very  like  the  smallest  arteries,  or  arterioles,  but  some- 
what wider  and  less  muscular.  The  transition  from  the  capillaries 
tu  the  arterioles  and  venules  is  not  abrupt,  but  may  be  consiaercd  as 
marked  by  the  appearance  of  the  non-striiied  muscular  fibres,  at 
first  scattered  singly,  but  gradually  becoming  closer  and  more 
numerous  as  we  pass  away  from  the  capillaries,  until  at  length  they 
form  a  complete  layer. 

In  the  heart  the  muscular  element  is  greatly  developed  and 
differentiated.  Both  histologically  and  physiologically  the  fibres 
seem  to  stand  between  the  striated  skeletal  muscle  and  the  smooth 
muscle.  In  the  mammal  the  cardiac  muscular  fibres  are  generally 
dcs':nt>ed  as  made  up  of  short  oblong  cells,  devoid  of  a  sarcolcmma, 
often  branched,  and  arranged  in  anastomosing  rows,  each  cell  having 
a  single  nucleus  in  the  middle  of  it.  But  it  has  recently  been  shown 
that  Ihc  muscle  fibrils  run  right  through  the  apparent  cell  boundanes, 
and  form  a  continuous  sheet  of  ti«isue  anastomosing  in  every  direc- 
tion. The  tibres  are  transverselv  striated,  but  the  stria;  are  not  so 
diMmct  as  in  skeletal  muscle.  Many  fibres  pass  from  one  auricle 
to  the  other,  and  from  one  ventricle  to  tlie  other  (Plate  I.,  4). 

In  the  frog's  heart   the  muscular  Qbrcs  are  spindle-shaped,  like 
ose  of   smooth   muscle,   but   transversely   striated,   like  those  of 
elal  muscle.     From  the  sinus  to  the  a^iex  of  the  ventricle  there  is 
a  continuous  sheet  of  muscular  tissue. 

The  problems  of  the  circulation  are  partly  physical,  partly 

vital.     Some  of  the  ]>hcnomena  observed  in   the  blood-stream 

I  a  living  animal  can  be  reproduced  on  an  artificial   model  ; 

d  they  may  justly  be  called  the  |>hy«ical  phenomena  of  the 
circulation.  Others  are  essentially  bound  up  with  the  pro- 
perties of  living  tissues  ;  and  these  may  be  classified  as  the 
vital  or  physiological  phenomena  of  the  circulation.  The  dis- 
tinction, althotigh  by  no  means  sharp  and  absolute,  is  a  con- 
venient one — at  least,  for  purjn^ses  of  description  ;  and  as  such 
wr  shall  use  it.  But  it  must  not  be  forgotten  that  the  physio- 
logical factors  play  into  the  sphere  of  the  physical,  and  the 
ph>*sical  factors  modify  the  physiological.  Considered  in  its 
physical  relations,  the  circulation  of  the  blood  is  the  flow  of  a 
iii]uid  along  a  system  of  elastic  tubes,  the  bloodvessels,  under 

e  ixiHucnce  of  an  intermittent  pressure  produced  by  the  action 
a  central  pump,  the  heart.  But  the  branch  of  dynamics 
which  treats  of  the  movement  of  liquids,  or  hydrodynamics,  is 
onr  (if  tlie  most  difficult  parts  of  physics,  and,  in  spite  of  the 
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labours  of  many  eminent  men,  is  as  yet  so  little  advanced  that 
even  in  the  physical  portion  of  our  subject  we  are  forced  to  rely 
chiefly  on  empirical  incthtxls.  It  would,  therefore,  not  be  pro- 
fitable to  enter  here  into  mathematical  theory,  but  it  may  be 
well  to  recall  to  the  mind  of  the  reader  one  or  two  of  the  simplest 
data  connected  with  the  flow  of  liquids  throtigh  lubes  : 

Torricelli's  Theorem. — Suppose  a  vessel  filled  with  water,  the  level 
of  wliicli  is  kept  constant  ;  the  velocity  with  which  the  water  will 
escape  from  a  hole  in  the  side  of^the  vessel  at  a  vertical  depth  h 
below  the  surface  wiil  be  v=  sj igh,  where  ^  is  the  acceleration  pro- 
duced by  gravity.*  In  other  words,  the  velocity  is  that  which  the 
water  would  have  acquired  in  falhag  in  vacuo  through  the  distance  A. 
This  formula  was  deduced  experimentally  by  Torrtcelli,  and  holds 
only  when  the  resistance  to  the  outflow  is  so  small  as  to  be  negligible. 
The  reason  of  this  restriction  will  be  easily  seen,  if  we  consider  that 
when  a  miiss  m  of  water  has  flowed  out  of  the  opening,  and  an  equal 
mass  m  has  flowed  in  at  the  top  to  maintain  the  old  level,  ever^'thing 
is  the  same  as  before,  except  that  energy-  of  position  equal  to  that 
j>osscssed  by  a  mass  m  at  a  height  h  has  d,isappeared.  If  this  has  all 
t)cen  changed  into  kinetic  energy  E,  in  the  form  of  visible  motion 

of  the  escaping  water,  then  E  ^  4"'*'*  ^  ^"g''.  '•'^•i  ^  =  y/^S^^-  If.  how- 
ever, there  has  been  any  sensiole  resistance  to  the  outflow,  any 
sensible  friction,  some  of  the  potential  energy  (energy  of  position), 
will  ha\'e  been  spent  in  overcoming  this,  and  will  have  ultimately 
been  transformed  into  the  kinetic  energy  of  molecular  motion^  nr  heat. 

Flow  of  a  Liquid  through  Tubes. — Next  let  a  horiioutal  tube  of 
imiform  cross-section  be  fitted  on  to  the  orifice.  The  velocity  of 
outflow  will  be  diminished,  for  resistances  now  come  into  play. 
When  the  liquid  flowing  through  a  tube  wets  it,  the  layer  next  tlie 
wall  of  the  tube  is  prevented  by  adhesion  from  moving  on,  Tlic 
particles  next  this  stationary  layer  rub  on  it,  so  to  speak,  and  are 
retarded,  although  not  stopped  altogether.  The  next  layer  rubs  on 
the  comparatively  slowly  moving  particles  outside  it,  and  is  also 
delayed,  although  not  so  much  as  that  in  contact  with  the  immovable 
laver  i>n  the  walls  of  the  tube.  In  this  way  it  comes  about  that  every 
particle  of  the  liquid  is  hindered  by  its  friction  against  others — those 
in  the  axis  of  the  tube  leayt,  those  near  the  periphery  most^and  part 
of  the  enorg\'  of  position  of  the  water  in  the  reservoir  is  used  up  in 
overcoming  this  resistance,  only  the  remainder  being  transformed 
into  the  visible  kinetic  energy  of  the  liquid  escaping  from  the  open 
end  of  the  tube. 

If  vertical  tubes  be  inserted  at  different  points  of  the  horizontal 
tube,  it  will  be  found  that  the  water  stands  at  continually  decreasing 
heights  as  we  pass  away  from  the  reservoir  towards  the  open  end  of 
the  tube.  The  height  of  the  Uquid  in  any  of  the  vertical  tubes 
indicates  the  lateral  pressure  at  the  point  at  which  it  is  inserted  ;  in 
other  words,  the  excess  of  potential  energy,  or  energy  of  position, 
which  at  that  point  the  liquid  |X)ssesses  as  compared  with  tne  water 
at  the  free  end,  where  the  pressure  is  zero.  If  the  centre  of  the  cross- 
section  of  the  free  end  of  the  tube  be  joined  to  the  centres  of  all  the 
menisci,  it  \viU  be  found  that  the  line  is  a  straight  line.  The  lateral 
pressure  at  any  point  of  the  tube  is  therefore  proportional  to  its 

•  /,<..  the  amount  added  per  second  to  the  velocity  of  a  falling  body 
(J  =  32  feet). 
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distmnce  from  the  free  end.  Since  the  »ame  quantity  of  water  must 
pass  through  each  cross-section  of  the  horizontal  tube  in  a  given  time 
as  flows  out  at  the  open  end.  the  kinetic  energy  nf  the  hquid  at  every 
crosft-srction  must  be  constant  and  e<|Uitl  to  .jmi'*,  where  v  is  the 
mean  velocity  (the  quantity'  which  escapes  in  unit  of  time  divided  by 
the  cross-section »  of  the  water  at  the  free  end. 

Just  inside  the  orifice  the  total  energy  of  a  mass  m  of  water  is 
mgh  :  iust  beyond  it  at  the  first  vertical  tulx;.  mg/i'  +  4mv*,  where  h' 
is  the  lateral  pressure.  On  the  assumption  that  between  the  inside 
of  the  orifice  and  the  first  tube,  no  energy'  has  been  transformed  into 
heat  (an  assumption  the  more  nearly  correct  the  smaller  the  distance 
between  it  and  the  inside  of  the  orifice  is  made),  we  have  mgh  =  m^h* 
+  Jmi>^,  i.e.,  \mv*  =^  ni^{h-h*).  In  other  words,  the  portion  of  the 
energy  of  position  of  the  water  in  the  reservoir  which  is  transformed 
into  the  kinetic  energy  of  the  water  flowing  along  the  horizontal  tube 
is  measured  by  the  difference  between  the  height  of  the  level  of  the 
reservoir  and  the  lateral  pressure  at  the  beginning;  of  the  horizontal 
jlulxj— that  is,  the  height  at  which  the  straight  line  joining  the 
lenisci  of  the  vertical  tubes  intersects  the  column  of  water  in  the 


I."*.  — OlAGKAU    lu  ILLLsiKAIl-  I'LUW    'M    \V\IL1^   ALJSl.    A  HuRj;UNTA.L   TUBE 
COKMICTBD    WITH    A    KsSKRVOlR. 

:rvoir.     Let  H  represent  the  height  corresponding  to  that  part  of 

le  energy'  of  position  which  is  transformed  into  the  kinetic  energy 

of  the  flowing  water.     H  is  easily  calculated  when  the  mean  velocity 

of  efflux  is  known.     For  v=  JigW  by  Torricelli's  theorem  (since 

»ne  of  the  energy  corresponding  to  H  is  supposed  to  be  used  up  in 

rcoming  friction),  or  H  =     .     At  the  second  tube  tlic  lateral 

is  only  A",  The  sum  of  the  visible  kinetic  and  potential 
energy  here  is  therefore  init;*  +  mgA".  A  quantity  of  energy  mg 
(A'  -  A')  must  Ixavc  been  transformed  into  heat  owing  to  the  resistance 
kused  by  fluid  friction  in  the  portion  of -the  horizontal  tube  between 
ic  first  two  vertical  lubes.  In  general  the  energy-  of  ]M)sition  repre- 
itcd  by  the  lateral  i)rcs3ure  at  any  jwint  is  equal  to  the  energy 
up  in  overcoming  the  resistance  of  the  portion  of  the  path 
;yond  this  point. 

Velocity  orOutfliow.--It  has  been  found  by  experiment  that  v,  the 
le.in  velocity  of  uulflow,  when  the  tube  is  not  of  ver>'  small  calibre, 
rarics  directly  as  tlie  diameter,  and  therefore  the  volume  of  outflow 
the  cube  of  the  diameter.  In  fine  capillary  tubt*s  the  mean 
;locity  is  proportional  to  the  square,  and  tne  volume  of  outflow  to 
fourth  power  of  the  diameter  (Poiscuille).     If,  for  example,  the 
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linear  velocity  of  the  blood  in  a  capillary  of  lo  ^  in  diameter  is  \  nun. 
per  sec,  it  will  Ix-  four  tinu'S  as  great  (or  2  mm.  per  sec. )  in  a  capillary 
of  20  ^  diameter,  and  ime-fourtli  as  great  (f>r  J  mm.  ]x.t  sec)  in  a 
capilKirv  "f  5  f  Oiameter.  the  prcssuri;  beiiiji:  supposed  ctpial  in  all. 
The  VKjfiinie  ut  nutlkm  jHir  second  is  obtained  by  multiplying  the 
cross-section  by  the  linear  velocity.  The  cross-section  of  a  circular 
capillary,  lo  ft  in  diameter,  is  w  (S^^,^)*^,  say,  j  oij^  sq.  mm. 
The  rmtflow  will  be  ,  ^{jrrt  X  A  =  iuA^.i  ciib.  mm.  per  sec.  The  outflow 
from  the  capillary-  of  20  a*  diameter  would  be  sixteen  times  as  much, 
fram  the  5  fj.  capillary  only  one-sixteenth  as  much.  Some  idea  of 
the  extremely  mmnte  scale  on  which  the  blood-flow  through  a  single 
capillary  takes  place,  may  be  obtained  if  we  consider  that  for  tlie 
capUlary  of  10  n  diameter  a  flow  of  -^s^no  cub.  mm.  pcv  sec.  would 
scarcely  amount  to  1  cub.  mm.  m  six  hours,  or  to  1  cc  in  250 
days. 

When  the  initial  energy  is  obtained  in  any  other  way  than  by  means 
of  a  '  head  *  of  water  in  a  reservoir — say,  by  the  descent  of  a  piston 
which  keeps  up  a  constant  pressure  in  a  cylinder  fdled  with  liquid — 
the  results  are  exactly  the  same.  Kvcn  when  the  horizontal  tvdx;  is 
distensible  and  elastic,  there  is  no  difterence  when  once  the  tube  has 
taken  up  its  position  of  equilibrium  for  any  given  pressure,  and  that 
pressure  does  not  var>'. 

Flow  with  Intermittent  Pressure.  -When  this  acts  on  a  rigid  tubr, 
eveiythuig  i^  Uie  s;tme  as  before.  When  the  pressure  alters,  the 
flow  at  once  comes  to  correspond  with  the  new  pressure.  Water 
thrown  by  a  force-pump  into  a  system  of  rigid  tubes  escapes  at  ever\' 
stroke  of  the  pump  in  exactly  tJic  quantity'  in  which  it  enters,  for 
water  is  practically  incompressible,  and  the  total  quantity  present 
at  one  time  in  the  system  cannot  be  sensibly  altered.  In  the 
intervals  between  the  strokes  the  flow  ceases  :  in  other  words,  it  is 
intermittent.  It  is  very  different  with  a  system  of  distensible  and 
elastic  tubes.  During  each  stroke  the  tubes  expand,  and  make 
room  for  a  portion  of  the  extra  liquid  thrown  into  them,  so  that  a 
smaller  quantity  flmvs  out  than  passes  in.  In  the  intervals  between 
the  strokes  the  distended  tubes,  in  virtue  of  their  elasticity',  tend  to 
regain  their  original  calibre.  Pressure  is  thus  exerted  upon  the 
liquid,  and  it  continues  to  be  forced  out,  so  that  when  the  strokes  of 
the  pump  succeed  each  other  with  sufficient  rapidity,  the  outflow 
becomes  continuous.  This  is  Uic  state  of  affairs  in  the  vascular 
system.  The  intermittent  action  of  the  heart  is  toned  down  in  the 
elastic  vessels  to  a  continuous  steady  flow. 

The  Beat  of  the  Heart. —In  the  frog's  heart  the  contrac- 
tion can  he  seen  to  begin  about  the  months  of  the  great  veins 
which  open  into  the  sinus  venosus.  Thence  it  spreads  in  suc- 
ression  over  the  sinus  and  auricles,  hesitates  for  a  moment  at 
the  auriculo-veutricular  junction,  and  then  with  a  certain  sud- 
denness invades  the  ventricle.  In  the  man^nalian  heart  the 
starting-point  of  the  contraction  is  hkewise  the  mouths  of  the 
veins  opening  into  the  auricles,  which  are  richly  provided  with 
muscular  fibres  akin  to  those  of  the  heart.  But  the  wave 
advances  so  rapidly  that  it  is  dillkult.  if  not  impossible,  to 
trace  in  its  course  a  regular  |)rogress  from  base  to  apex,  although 
tlie  ventricular  beat  undoubtedly  follows  that  of  the  auricle, 


THE  CtRCVlATtON  OF  THE  BLOOD  AND  LYMPH 


67 


and  the  capillary  electrometer  indicates  that,  in  a  heart  beating 
normally,  the  electrical  change  associated  with  contraction 
begins  at  the  base  and  then  reaches  the  apex  (p.  645). 

The  most  conspicuous  events  in  the  beat  o  (the  heart,  Jn  their 
norfHSI  set|ugrR'b,  die  '.  J\)  thr  rturk'ilTar  contraction  or  systole  ; 
\i)  ilw  VUlHriculaf  contraction  or  systole ;  (3)  the  pause  or 
diastole.  The  auricles,  into  which,  and  beyond  which  into  the 
ventricles,  l)lo(xi  has  been  flowing  during  the  pause  from  the 
great  thoracic  veins,  contract  sharply.  The  contraction  begins 
in  the  muscular  rin^s  that  surround  the  orifices  of  the  veins, 
so  that  these,  destitute  of  valves  as  they  are,  are  sealed  up  for 
an  instant,  and  regurgitation  of  blood  into  them  is  prevented. 
Tlic  filling  of  the  ventricles  is  thus  completed  ;  their  contraction 
bogms  either  sinmltaneously  with  the  relaxation  of  the  auricles 
or  a  little  later.*  The  mitral  and  tricuspid  valves,  whose  strong 
.Imt  delicate  curtains  have  dunng  the  diastole  been  hanging 
down  into  the  ventricles  and  swinging  freely  in  the  entering 
current  of  blood,  are  floated  up  as  the  intraventricular  pressure 
b^ins  to  rise,  so  that,  in  the  first  moment  of  the  sudden  and 
powerful  ventricular  systole,  the  free  edges  of  their  segments 
come  together,  and  the  auriculo-ventricular  orifices  are  com- 
pletely closed  (Fig.  75.  p.  160).  In  the  measure  in  which  the 
pressure  in  the  contracting  ventricle  increases,  the  contact  of 
the  valvular  segments  becomes  closer  and  more  extensive  ;  .and 
Llieir  tendency  to  belly  into  the  auricles  is  opposed  by  the  pull  of 
the  chordit  tendinc<e,  whose  slender  cords,  inserted  into  the 
valves  from  border  to  base,  are  kept  taut,  in  spite  of  the  shorten- 
ing of  the  ventricle  by  the  contraction  of  the  papillary  muscles, 
Dtiring  the  systole,  the  ventricles  change  their  shape  in  such  a 
way  that  their  combined  cross-section — which  in  the  relaxed 
state  is  a  rough  ellipse  with  the  major  axis  from  right  to  left — 
becomes  approximately  circular,  and  they  then  form  a  right 
circuUr  cone.  As  soon  as  the  pressure  of  the  hIt>od  within  the 
contracting  ventricles  exceeds  that  in  the  aorta  and  pulmonary 
■artery  resj>ectively,  the  semilunar  valves,  wliich  at  the  beginning 
of  the  ventricular  systole  are  closed,  yield  to  the  pressure,  and 
blood  is  driven  from  the  ventricles  into  these  arteries. 

le  ventricles  are  more  or  less  completely  emptied  during  the 
Itraction.  which  seems  still  to  be  maintained  for  a  short  time 
after  the  blood  has  ceased  to  pass  out.  The  contraction  is  fol- 
lowed by  sudden  relaxation.     The  intraventricular  pressure  falls. 

*  It  has  often  been  debated  whether  any  appreciable  interval  exists 

the  end  of  the  auncnUr  and  the  beginning  oi  the  ventricular 

the  wann-bloodcd  heart.     According  to  Chauveau,  nut  only  is 

(the  intcr^ystoit)  well  marked  and   sharply  delimited  (m  the 

»  but  it  13  occupied  by  a  dctinite  series  of  events,  includini^  the  coo- 

of  the  papiUarv  muscles. 
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The  lunules  of  the  semilunar  valves  slap  together  under  the 
weight  of  thr  hlmni  as  it  attempts  to  rr^rfjitatf,  tht*  rorjiora 
Arantii  seal  up  tho  central  chink,  and  the  amta  and  pulmonary 
artery  are  thus  cut  off  from  the  heart.  Then  follows  an  interval 
during  which  the  whole  heart  is  at  rest,  namely,  the  interval 
iK-lwron  the  end  of  the  relaxation  of  the  ventricles  and  the 
beginning  of  the  systole  of  the  auricles.  This  constitutes  the 
pause.  Tiie  whole  series  of  events  is  called  a  cardiac  cycle  or 
revolution  (see  Practical  Exercises,  p.  if>5). 

It  will  l)e  easily  understood  that  the  time  occupied  by  any 
one  of  the  events  of  the  cardiac  cycle  is  not  constant,  for  the 
rate  of  the  heart  is  variable.  If  we  take  about  70  beats  a  minute 
as  the  average  normal  rate  in  a  man,  the  ventricular  systole  will 
occupy  aliout  0-3  second  ;  the  ventricular  diastole,  including  the 
relaxation,  about  0'5  second.  The  systole  of  the  auricle  is  one- 
third  as  long  as  that  of  the  ventricle. 

This  rhythmical  l>eat  of  the  heart  is  the  ground  phenomenon 
of  the  circulation.  It  reveals  itself  by  certain  tokens — sounds, 
surface-movements  or  pulsations,  alterations  of  the  pressure  and 
velocity  of  tlie  l>kjo<L  changes  of  volume  in  parts — all  j>eriodir 
phenomena,  continually  recurring  with  the  same  period  as  the 
heart-beat,  and  all  fundamentally  connected  together.  And  if 
we  hold  fast  the  idea  that  when  we  take  a  pulse-tracing,  or  a 
blood-pressure  curve,  or  a  plethysmograjihic  record,  we  are 
really  investigating  the  same  fact  from  different  sides,  we  shall 
be  able,  by  following  the  cardiac  rhythm  and  its  consequences 
as  far  as  we  can  trace  them,  to  hang  upon  a  single  thread  many  of 
the  most  imjiortant  of  the  physical  phenomena  of  the  circulation. 

The  Sounds  of  the  Heart. — When  the  ear  is  applied  to  the 
chest,  or  to  a  stethoscoi>e  placed  over  the  cardiac  region^  two 
sounds  are  heard  with  every  beat  of  the  heart  ;  they  follow 
each  other  closely,  and  are  succeeded  by  a  period  of  silence. 
The  dull  booming  '  firat  sound  '  is  heard  loudest  in  a  region 
which  we  shall  afterwards  have  to  speak  of  as  that  of  the  '  cardiac 
im]>ulse  *  (p.  70)  ;  the  short,  sharp.  '  second  sound  '  over  the 
junction  of  the  second  right  costal  cartilage  with  the  sternum. 

There  has  been  much  discussion  as  to  the  cause  of  the  first 
soimd.  That  a  sound  corresponding  with  it  in  time  is  heard 
in  an  excised  bloodless  heart  when  it  contracts,  is  certain  ;  and 
therefore  the  first  sound  cannot  be  exclusively  due.  as  some 
have  asserted,  to  vibrations  of  the  auriculo-ventricular  valves 
when  they  are  suddenly  rendered  tense  by  the  contraction  of 
the  ventricles,  for  in  a  bloodless  heart  the  valves  are  not  stretched. 
Part  of  the  sound  must  accordingly  be  associated  with  the 
muscular  contraction,  as  such. 

Again,  the  fact  that  the  first  sound  is  heard  during  the  whole, 
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or  nearly  the  whole,  of  the  ventricular  systole  is  against  the 
idea  that  it  is  exclusively  due  to  the  vibrations  of  membranes 
like  the  valves,  which  would  speedily  be  damped  by  the  blocxl 
and  rendered  inaudible.  But  while  there  is  good  reason  to  believe 
that  the  vibration  of  the  suddenly-contracted  ventricles  is  the 
fundamental  factor,  the  shock  sets  up  vibrations  also  in  the 
blood,  the  chest-wall,  and  [>erha|is  the  resonant  tissue  of  the  hings. 
Further,  as  wc  shall  see  later  on  (p.  580),  the  sound  caused  by  a 
contracting  muscle  readily  calls  forth  sympathetic  resonance  in 
the  ear,  and  the  [peculiar  booming  character  of  the  first  sound 
may  be  due  to  the  supcrjiosition  of  these  various  resonance  tones 
Ujxm  the  muscular  note.  But,  in  addition,  the  vibration  of  the 
auriculo-ventricular  valves  undoubtedly  contributes  to  the  pro- 
<luction  of  the  sound,  and  some  observers  have  been  able  to 
distinguish  in  the  first  sound  the  vah-ular  and  the  muscular 
elements,  the  former  being  higher  in  pitch  than  the  latter,  but 
a  minor  third  below  the  second  sound.  In  the  excised  empty 
heart  the  deeper  tone  of  the  first  soimd  is  alone  heard,  while 
the  higher  note  is  elicited  when  in  a  dead  heart  the  auriculo- 
ventncular  valves  are  suddenly  put  under  tension  (Haycraft). 
\M)en  the  mitral  valve  is  prevented  from  closing  by  experimental 
division  of  the  chordae  tendineae,  or  by  pathological  lesions,  the 
iirs!  sound  of  the  heart  is  altered  or  replaced  by  a  *  murmur.* 
This  evidence  is  not  only  important  as  regards  thu  physiological 
question,  but  of  great  practical  interest  from  its  bearing  on. the 
diagnosis  of  cardiac  disease.  It  may  be  added  that  the  |>oint 
of  the  chcst*wall  at  which  the  first  sound  is  most  easily  recog- 
nised is  also  the  point  at  which  a  changed  sound  or  murmur 
connected  with  disease  of  the  mitral  valve  is  most  distinctly 
beard.  The  sound  is,  therefore,  best  conducted  from  the  mitral 
valve  along  the  heart  to  the  [>oint  at  which  it  comes  in  contact 
willi  the  wall  of  the  chest.  Changes  in  the  first  soimd  con- 
nected with  disease  of  the  tricuspid  valve  are  heard  best,  in 
the  comparatively  rare  cases  where  they  can  be  distinctly 
recognised,  in  the  third  to  the  fifth  interspace,  a  little  to  the 
right  of  the  sternum. 

Sir  Kichard  Quain  has  recently  revived  the  theory  that  the  first 
•ound  is  due,  not  to  the  vibrations  of  the  auriculo-ventricular  valves, 
nor  to  the  mus«rlc-sound  of  the  contractinj;  ventricles,  but  to  the 
impact  of  the  ventricular  blood  on  the  scmihmar  valves  at  the 
nw)meTit  of  systole,  and  the  resistance  which  it  encounters  as  it 
paiiscs  through  the  orifices  of  the  aortal  and  pulmonary  artery.  But 
although  some  of  the  facts  which  he  ctte.%  seem  to  favuur  such  a  view, 
therp  Are  many  difificultiea  in  the  way  of  its  acceptance. 

The  second  sound  is  caused  by  the  vibrations  of  the  semi- 
lunar valves  when  suddenly  closed,  *  the  recoiling  blood  forcing 
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tlieni  backt  a«  one  unfurls  an  umbrella,  and  with  an  audible 
checW  as  they  Ugliton  '  (Watson).  The  sharpness  of  its  note  is 
lost,  and  nothing  but  a  rushing  noise  or  bruit  can  be  heard,  when 
the  valves  are  hooked  back  and  prevented  from  closing.  It 
is  altered,  or  repl.iced  by  a  murmur  when  the  valves  are  diseased. 
A*  there  i*  a  mitral  and  a  tricuspid  factor  in  the  first  sound,  so 
llicrc  IH  :in  aorlir  an*!  a  pulmonary  factor  in  the  second.  The 
place  wliete  llie  si^ronrl  sound  is  best  heard  (over  the  junction 
oJ  Wif.  sec<md  riKht  costal  cartilage  and  stemum)  is  that  at  which 
any  clianj^e  puwhued  by  disease  of  the  aortic  valves  is  most 
CftJtily  rero(j;niM:d.  The  sound  is  conducted  up  from  the  valves 
aloit^  tile  aorta,  whirb  comes  nearest  to  the  surface  at  tfiis 
puml.  Changes  connected  with  disease  of  the  jiuJmonary 
valves  are  most  readily  detected  over  tht'  second  left  intercostal 

space  near  the  edge  of  the  sternum, 
for  here  the  pulmonary  artery 
most  nearly  apjiroaches  the  chest- 
wall. 

The  first  sound  is  *  systolic  ' — 
that  is,  it  occurs  during  the  ven- 
tricular systole  ;  the  second  is 
'diastolic/  tx'pinning  at  the  com- 
mencement of  tlie  diastole. 

The  Cardiac  Impulse.  —  A 
surface-movement  is  seen,  or  an 
impulse  felt,  at  every  cardiac 
contraction  in  various  situations 
where  Ihe  heart  or  arteries  ap- 
proach the  surface.  The  pidsa- 
tion,  or  impulse,  ol  the  heart,  often  styled  the  apex-beat,  is 
tubually  nuKHt  distinct  to  si^ht  and  touch  in  a  small  area  lying  in 
thetifth  left  mtercostal  space,  between  the  mammary  and  the  para- 
sternal Ime,*  and  f^enerally,  in  an  adult.  alK)ut  an  inch  and  a  half 
to  the  sternal  side  of  the  former.  It  is  due  to  the  systolic 
hurdenin>*  ol  the  ventricles,  which  are  here  in  contact  with  the 
chest-wall,  the  ctintact  Ixnn^  at  the  same  time  rendered  closer 
by  their  ehau|*e  of  shape,  anci  by  a  slight  movement  of  rotation 
ot  Ihe  heart  from  left  tt>  right  during  the  contraction  (Practical 
Excrcist^,  p.  171).  Hven  ni  health  the  jxjsition  of  the  impulse 
NTiru'S  somewhat  with  the  ]H>sition  of  the  body  and  the  respiratory 
movenu-nts,  lu  children  it  is  usually  situated  in  the  fourth 
mtcK'i^tal  s|>iii*«.     In  disease  its  displacement  is  an  important 
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di«-ign(Ktic  sign,  and  may  be  very  marked,  csj^ecially  in  cases  of 
ctfusion  of  fluid  into  the  ()IcuraI  cavity.  It  is  sometimes,  tliough 
not  invariably,  a  little  lower  in  the  standing  than  in  the  sitting 
position  ;  and  shifts  an  inch  or  two  to  the  left  or  right  when  the 
person  lies  on  the  corresponding  side. 

Various  iostnimcnts,  called  cardiographs,  have  been  devised  for 
nia||;nifyiiif{  and  recording  the  ujoveiiu-uls  produced  by  the  ciirdiac 
impuUc.  Marcy's  ca^dlo^raph  cuii*>i.sts  essentially  of  a  small 
chamber,  or  tambour,  filled  with  air,  and  closed  at  one  end  by  a 
flexible  membrane  carrying  a  button,  which  Ci»n  be  adjusted  to  the 
wall  of  the  chest.  This  receiving  tambour  is  connected  by  a  tube 
with  a  recording  tambour,  the  flexible  plate  of  which  acts  u|H>n  a 
lever  writing  on  a  travelling  surface — a  vmiformly-rotating  drum,  for 
•example  —covered  with  smoked  pajx»r.  Any  movement  cnmrnuni- 
•cati'd  to  the  button  forces  in  the  end  of  the  tambour  to  which  it  is 
attached,  and  thus  raise:;  the  pressure  of  the  air  in  it  and  in 
the  recording  tambour  ;  the 
flexible  plate  of  the  latter 
moves  in  response,  and  the 
Irvcr  transfers  the  movement 
tt>  the  jmper.  The  tracint;. 
■or  Ciirmogram,  obtained  in 
this  way  shows  a  small  clcva 
tion  corresponding  to  the 
auricular  systole,  succeeded 
[by  a  lar^e  abrupt  rise  corrr 
(«ix»ndmK  to  the  be^jinninH  ni 
the  tirst  sound,  and  c<iuscd  by 
Ibc  ventricular  systole.  Tlus 
Acntricular  clcv.ition  is  the 
[essential  jjortion  of  the  curve : 
tit  is  aliinc  felt  by  the  palpating 
.hand,  and  the auncular  eleva- 
tion IS  often  absent  from  the 
[cardiogram  m  man.     The  rise 

maintamed.  with  small  secondary  oscillations,  for  about  oj;  of  a 
;ond  in  a  tracing  from  a  normal  man,  then  gives  way  to  a  sudden 
Icsccnt,  that  marks  the  relaxation  of  the  vcntncles,  the  beginning  of 
:hc  srcand  sound,  and   the  closure  of   the  semilunar  valves.     An 
itcr^-al  of  about  f»'5  scc<md  clajracs  before  the  curve  begins  again  to 
[nse  at  the  next  auricular  contraction. 

Such  *as  the  interpretation  which  Chauveau  and  Marey  put  ni>on 

:heir  tracings.     .\Ilhough  neither  their  results  nor  their  deductions 

liom  them  have  escaped  the  criticism  of  succeeding  investigators,  it 

lift  doubtful  whether  any  atle[|uatc  reason  has  been  brought  forward 

ifor   discarding   them,   and  Chauveau   has   recently   furnished   fresh 

Iproofs  of  their  accuracy.     Tlie  diflicuUies  that  beset  the  subject  are 

reat,  for  the  cardiogram  is  a  record  of  a  c/>mplex  series  of  events. 

he  very  rapid  \-ariation  of  pressure  within  the  ventricles,  the  change 

if  vnliiiiu*  iind  of  shape  of  the  heart,  the  slight  change  of  [Xisition  of 

its  Apex,  if  such  occurs,  must  all  leave  their  mark  uf>on  the  cur>'c, 

rhicn  IS  iH'sides  distorted  by  the  resistance  of  the  elastic  thest-wall, 

'the  inertia  of  the  recording  lever,  and  the  compression  of  the  air  in 

[the  conncctmg   tubes.     It   is  only   by  conipiiring  in  ammals  tlie 


Vm:,.  20. — CardioiiHam  taken  witu 
Marev's  Cakuiookaph. 

A,  aitrtrular  «y»tole  ;  V,  ventricular  sys- 
toir :  I),  diastoic.  Ttir  bitow  shorn  the 
dirci'tt'in  Ml  which  the  tradiig  is  to  bo  c.'jd. 
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ciirdiographic  record  with  the  changes  of  blood-pressure  in  the  heart 
and  arteries  that  our  present  degree  of  knowledge  of  tlie  human 
cardiogram  has  been  attained.  Could  we  register  directly  the 
fluctuations  of  pressure  in  the  interior  of  the  human  heart,  the 
cardiographic  method  would  be  rarely  employed. 

Endocardiac  Pressure. — The  function  of  the  heart  is  to 
maintain  an  excess  of  pressure  in  the  aorta  and  pulmonary 
artery  sufficient  to  overcome  the  friction  of  the  whole  vascular 
channel,  and  to  keep  up  the  flow  of  blood.  So  long  as  the 
semilunar  valves  are  closed,  most  of  the  work  of  the  contracting 
ventricles  is  expended  in  raising  the  pressure  of  the  blood  within 
them.  At  the  moment  when  blood  begins  to  pass  into  the 
arteries,  nearly  all  the  energy  of  this  blood  is  potential ;  it  is 


Flo.  ax. — CcKVES  or  Hmdocakdial  Tressi-rk  taken  with  Carciiac  Soitnds. 


Attr,t  Auricuiar  cutvt  :  I'm/.,  vcntncular  curve  :  AS.  perkwl  uf  auricular  sys- 
tole :  VS.  ol  %-entnctUar  sj'stok  ;  D.  dioslule. 

the  energy  of  a  liquid  under  pix'ssure.  Durin;^  a  cardiac  cycle 
the  pressure  in  the  cavities  of  the  heart,  or  the  endocardiac 
pressure,  varies  from  moment  to  moment,  and  its  variations 
afford  imix>rtant  data  for  the  study  of  the  mechanics  of  the 
circulation. 

For  the  study  o!  the  endocardiac  pressure,  the  ordman,'  mercurial 
Dianometcr  (p.  87)  is  unsuitable,  since,  owing  to  the  relatively  crreat 
aunoDnt  of  work  required  to  produce  a  given  displacement  of  the 
wercurv.  it  does  nut  nradily  follow  rapid  ctiangcs  of  pressure,  and  the 
mercurial  column,  once  displaced,  continues  for  a  time  to  execute 
vibrations  of  its  own.  wUicn  are  comjTounded  with  the  true  nscilla- 
tkms  ol  blcxKi-|tre5sure.  Hut  by  introducing  in  the  connection 
between  the  rauioroeter  and  the  heart  a  \-al\*e  so  arranged  as  to 
oppose  the  {.lossaitr  of  blood  towards  the  heart,  while  it  favours  its 
passage  towards  the  maDometef.  tbe  maximum  pressure  attained  in 
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the  cardiac  cavities  during  the  cycle  may  be  measured  with  consider- 
able accuracy-  When  the  valve  is  reversed  the  apparatus  becomes 
a  minimum  manometer.  In  this  way  it  has  been  found  that  in  targe 
dogs  the  pressure  in  the  left  ventricle  may  rise  as  high  as  230  to 
540  mm.  of  mercury,  and  sink  as  low  as  —  30  to  —  50  mm.  ;  while  in 
"  e  right  ventricle  it  may  be  as  much  as  70  mm.,  and  as  little  as 
25  mm.  In  the  right  auricle  a  maximum  pressure  of  20  mm.  of 
mercury  has  been  recorded,  and  a  minimum  pressure  of  —10  mm. 
or  even  less.  But  these  results  were  obtained  under  somewhat 
exceptional  experimental  conditions,  and  the  normal  maximum 
pressures  in  the  heart  cavities  in  man  arc  probably  not  so  high, 

pecially    in     the    right 

kuncle  and  ventncle. 

Our  knowledge  o(  the 

laximura   r-nd  minimum 

rcisurc  attamcd   m   thr 

ivitics  uf  the  heart,  cvon 

it  were  far  more  precise 

than  It  actually  is,  would 

only  carry  us  a  little  wav 

the  study  of  the  cndo- 

krdiac     pressure  -  curve. 

»r   it  would    merely  tell 

how  far  above  the  base- 

inc  of  atmospheric  pros- 

ire    the   curve   ascend^, 

how   far   below  the 

-  line   It    sinks.      To 

lust  the  problem,  we 

squire  to   have   tracings 

the  eauMTt  form  of  the 

irvc    for    each    of    the 

tvjiics  of  the  heart,  and 

know  thcitmc-rclitious 

\\  the  curves  so  ii-s  to  be 

»1«    to    compare     them 

ith  each  other,  and  with 

ic  pressure-curves  of  the 

'cat  arteries   and  great 

;iii5.     To  obtain    satis- 

:tory    tracings    of    the 

ifUy  -  changing     endo- 

irdiac  pressure  is  a  task 

the    highest    technical 

itbcultv.  and  it  is  only  in  very  recent  years  that  it  has  been  ac- 

'ishcd   with  any   approach   to  accuracy  by  the  use  of   elastic 

inictcrs,  m  which   the  blood-prcssurc  is  counter-balanced,  not 

the   weight  of  a  cohimn  of   liquid,  as  in  the  mercurial   mano- 

leter,   but   by   the   resistance   to  compression   of  a  small   column 

'  air  or  the  tension  of  an  clastic  disc  or  of  a  spring.     One  of  the 

rlir»t  of  these  was  the  now  jwrhaips  somewhat  obsolete  C-spring 

lanometer  of  Kick,  of  which  a  diagram  is  given  in  I'lg,  n.     l*robably 

most   perfect  elastic   manometers  of  the   niwlern   tyi>e  are  the 

iprovpd  iastTumcnt  of  Pick  (Fig.  23),  with  the  various  modifications 

it  b'is  undergone,  and  es(>ecially  the  manomcten»  of  Hurthle. 

l-ltirthle's  spring  manometer  consists  of  a  small  drum  covered  with 


Kkj.  2..  — Diagkam  op  Kick's  C-sphikg 
Manouetek. 

A.  hoHnw  spring;  filled  with  .tlcohol.  Its  open 
end  b  Is  cDvcccd  with  .1  nicmbranr  iind  is  Axed 
lo  thr  upriRht  !•" :  tlir  dthrr  end  t.  is  lit-f  tu  mrjve, 
.iiid  is  conntnleU  with  a  system  of  leven,  which 
luuvr  lh«  writiiif;  iKiint  D  :  E  U  the  cannula, 
which  i&  conneoted  with  the  bluodvesAeJ.  When 
the  pressure  in  the  spring  is  increased  it  toads 
to  straighten  tttclf. 
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an  indiaruhbcr  membrane,  loosely  arranged  so  as  not  to  vibrate  with 
a  period  of  its  own.  The  drum  is  connected  with  the  heart  or  with 
a  vessel,  and  the  blood- pressure  is  transmitted  to  a  steel  spring  by 
means  of  a  light  metal  disc  fastened  on  the  membrane.  The  spring 
acts  on  a  writing  lever.  The  instrument  is  so  constructed  that  for  a 
given  change  of  pressure  the  quantity  of  liquid  displaced  is  as  small 
as  possible,  and  it  is  on  this  that  its  capacity  to  follow  sudden 
variations  of  pressure  chictiy  depends.  The  manometer  is  connected 
with  the  cavity  of  the  heart  by  an  appropriately-curved  cannula  of 
metal  or  glass,  wliich,  after  being  filled  with  some  liquid  th:it  prevents 
coji^ulation  (Pr.ictical  Exercises,  p.  174)  is  pushed  through  the 
jugular  vein  into  the  riglit  auricle  or  ventricle,  or  through  the  carotid 
artery  and  aorta  into  the  left  ventricle.  Some  observers  fill  only 
the  cannula  with  fluid,  and  leave  the  capsule  of  the  clastic  manometer 
and  as  much  of  the  connections  as  possible  full  of  air.  Others  hll 
the  whole  system  with  liquid.  And  around  the  question  of  the 
relative  merits  of  '  transmission  '  by  liquid  and  by  air  has  raged  a 


Fit.,  jj. — Kick's  Elastic  MANOMbibH. 

a,  a  U  A  metal  piece  tunnelled  by  a  narrow  caniil  uf  about  i  mm.  in  diameter, 
wliirh  rnlargcA  hrlow  to  n  shallow  sauccr-shfipcd  space  h.  The  wide  opening  of  b  is 
covered  by  a  thin  piece  of  iiidiarubber  c,  to  the  centre  of  which  an  ivory  buttuii  rf 
is  fltlarhpi).  1  he  button  presses  on  a  strong;  steel  spring  /,  which  is  attarhed  at  one 
«nd  to  the  bniss  frame  c. r.-uid  at  the  other,  by  means  of  an  intermediate  piece*;. 
to  the  lever  h  :  b  is  filled  with  a  few  drops  of  water,  but  the  canul  a  contains  only 
air.  When  a  is  connected  with  the  interior  of  the  heart  or  of  an  artery,  the  changes 
of  pressure  are  transmitted  to  the  spring,  and  recorded  by  the  wTiting*poiut  of  the 
levcr. 


controversy  which,  however,  now  shows  sigtis  of  coming  to  an  end, 
for  there  is  reason  to  suppose  thai  the  character  of  the  curves 
obtained  is  modified  amonK  other  circumstances  by  the  manner  in 
which  the  i>rcssure  is  transmitted. 

Thus,  the  pressure-curve  of  thi?  wntricle,  according  to  most 
of  those  who  have  employed  jnaiiorneters  with  licjuid  trans- 
mission and  small  inertia  of  the  moving  parts  (Fig.  24),  remains 
after  the  first  abrupt  rise,  which  undoubtedly  corresponds  to 
the  ventricular  systole,  almost  parallel  to  the  abscissa  line  for  a 
considerable  time,  and  then  descends  somewhat  less  suddenly 
than  it  rose.  This  systolic  '  [ilateau/  althi-mgh  usually  l)roken 
by  minor  heights  and  hollows,  perhaps  due  to  inertia  oscilla- 
tions of  the  liquid  or  the  recording  a]>paratus,  would  indicate 
that    the    ventricular   pressure,    alter    reaching    its   maxmiurn, 
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maintained  itself  there  throughout  the  greater  part  of  the 
systole.  Tlie  tracings  yielded  by  most  of  the  manometers  with 
air  transmission  (Fig.  25)  show  the  same  suddenness  in  the  first 
part  of  the  upstroke  and  the  last  part  of  the  descent — that  is, 
the  same  abruptness  in  the  beginning  of  the  contraction  and  the 
end  of  the  relaxation.  But  they  differ  totally  in  the  mter- 
mediate  portion  of  the  curve,  which,  chmbing  ever  more  gradually 
as  it  nears  its  apex,  remains  but  a  moment  at  the  maximum, 
then  immediately  descending  forms  a  *  peak,'  and  not  a  plateau. 
Without  entering  further  into  a  teclmical  discussion,  we  may 
say  the  buJk  of  the  evidence  goes  to  show  that  the  plateau  is 
not,  as  the  advocates  of  the  peak  have  claimed,  an  artificial 


-SlIACI.TANEOl'S    RCCOHD    OP    PhESSURE     IN     I.KFT     VkSTJ'UI.F:     (V)     AND 
AOHIA    (A).       (HllRrHLt.) 

TheiTACiniTS  were  taken  with  clastic  uianuuictcrs  ;  o  indicates  a  point  just  before 
tlif«UTt:  ol  the  nittraJ  valve  ;  i.  the  opening  nl  the  »*>niihmar  vulvc  ;  2,  begia* 
tic  ol  the  rcUxatiuii  oi  the  ventricle  ;    s.  the  c:t<>sure  ul  the  sctniluuar  valve  ; 
i.  the  upeoing  of  tike  mitral  valve.    The  veutricular  curve  shows  a  *  plateau.' 

phenomenon,  but  docs  in  reality  correspond  to  that  contiiuiation 
o(  the  systole  of  the  ventricle,  that  dogged  grip,  if  we  may  so 
phrase  it,  which  it  seems  to  maintain  upon  the  blood  after  the 
greater  portion  of  it  has  been  expelled. 

This  conclusion  is  essentially  in  accordance  with  the  results  of 
Chauvcau  and  Maroy.  obtained  long  ago  by  means  of  their  '  cardiac 
sound.'  which  was  in  principle  an  clastic  manometer  (Fir.  26). 

It  consisted  of  an  ampulla  of  indiarubbcr.  supported  on  a  frame- 
work, and  L'ommunicatinK  with  a  long  tubo,  whicli  was  connected 
with  a  recording  tambour.  The  ampulla  was  introduced  into  the 
heart  through  the  jugular  vein  or  carotid  artery  in  the  way  alrcadv 
described.  Sometimes  a  double  sound  was  employed,  armed  with 
two  ampullie.  placed  at  such  a  distance  from  each  otlier  that  when 
one  was  in  the  right  vcatricle  the  other  was  in  the  auricle  of  the  same 
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side.  Each  ampulla  communicated  by  a  separate  tube  in  the  common 
stem  of  the  instrument  with  a  recording  tambour,  and  the  writing 
l.>oints  of  the  two  tambours  were  arranged  in  the  same  vtjrtical  line. 
VVhcn  any  change  in  the  blood-prcssurc  takes  place,  the  degree  of 
compression  of  the  ampullae  is  altered,  and  the  change  is  transmitted 
alonR  the  air-tight  connections  to  the  recording  tambours.  Simul- 
tLincous  records  of  the  changes  in  the  blood-pressure^in  the  right 
auricle  and  ventricle  obtained  in  this  way  indicate  a  sudden  rise  of 
the  auricular  pressure  corresponding  with  tbc  auricular  systole, 
followed  by  a  sudden  fall  (Fig.  21 ).  This  is  represented  on  the  ven- 
tricular curve  by  a  smaller  elevation,  which  shows  that  the  pressure 

in   the    ventricle    has 


0*_e  r«.»io 


been  raised  somewhat 
by  the  blood  driven 
mloitfromtheauricle. 
Ihen  follows  imme- 
diately a  great  and 
abrupt  increase  of 
ventricular  pressure, 
the  rcsul  t  of  the  systole 
of  the  ventricle.  The 
beginning  of  this  ele- 
vation is  synclironous 
with  the  beginning  of 
the  first  sound  ;  it  re- 
mains for  some  time 
;it  the  maximum,  and 
then  the  curve  sud- 
denly sinks  as  the 
ventricle  relaxes.  On 
the  descending  limb 
there  is  a  slight  eleva- 
tion, due,  as  Marey 
supposed,  to  the 
closure  of  the  semi- 
lunar valves,  which 
causes  a  better- 
marked  and  simul- 
taneous elevation  in 
the  curve  of  aortic 
pressure  when  this  is 
registered  by  means 
of  a  sound  passed  into 
the  aorta  through  the 
carotid  artery.  Both  the  auricular  and  ventricular  curves  now  begin 
again  to  rise  slowly,  showing  a  gradual  increase  of  pressure  as  the 
blood  flows  from  the  great  veins  into  the  auricle,  and  through  the 
tricuspid  orifice  into  the  ventricle.  This  slow  rise  continues  till  the 
next  auricular  systole. 

It  is  probable  that  some  of  the  smaller  elevations  on  the  carves 
of  Chauveaii  and  Marey,  and  particularly  that  which  they 
associated  with  the  closure  of  the  semilunar  valves,  were  due  to 

the   osoill;ilions   of    their   apparatus.     For    it    is    a   remarkable 
fact  that  oil  most  of  ttic  eiidocardiac  pressure  tracings  of  the 


(Jp^vr>cj 


lOi„,nH-i 


^^O  tliiCfi 


■iOO 
Ventricle 


—100 

—  aorta 

—  jO 


Second; 


Fig.  is- — CoMPAKisoN  of  Pk^ssuke  -  Ci'hvks  or 
Left  Ai'riclb*  Left  Vkntkicle,  and  Aokta. 
(v.  Fkev.) 

Recorded   by  vluslic  luanometcni   with  air  tfans- 
missiou.     The  ventricular  ciirvc  shows  a  '  peak.' 
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best  modern   manometers,   whether  the  curves  belong  to  the 
type  of  the  peak  or  o(  the  plateau,  no  sudden  change  of  cur- 
vature, no  nick,  or  crease,  or  undulation  reveals  the  moment 
A  opening  or  closure  of  any  valve.     But  by  experimentally 
graduating  a   pair  of  elastic  manometers,   and  obtaining  with 
them  simultaneous  records  of  the  pressure  in  auricle  and  ven- 
tricle, we  can  caJailate  at  what  points  of  the  ventricular  curve 
the  pressure  is  just  greater  than  and  just  less  than  the  pressure 
in  the  auricle.     The  fii-st  [>oiut.  it  is  evident,  will  correspond  to 
the  instant  at  which  the  mitral  or  tric\ispid  valve,  as  the  case 
[may  be,  is  closed,  and  the  second  to  the  instant  at  which  it  is 
loi)rned.     And  in  like  manner,  by  comparing  the  pressure-curve 
[of  the  aorta  with  that  of  the  left  ventricle,  the  moment  of  opening 
[and  closure  of  the  semilunar  vaJves  may  be  determined  (Figs.  24 
and  25).    According  to  the  best  observations,  the  closure  of  the 

rmilunar  valves  takes  place 

[at  a  lime  corresponding  to 

point  on  the  upper  portion 

if    the  descending    limb  of 

[the  intraventricular  cur\'c. 

The  study  of  the  curves  ol 

tdocardiac  pressure  enables 

to  add  precision  in  certain 

'ints  to  the  description  of 

[the   events   of    the   cardiac 

[cycle  which  we  have  already 

;iven,   and,   as  regards   the 

ventricles,  todivide  the  cycle 

ito  four  periods  : 

(i)  A  period  during  which  the  pressure  is  lower  in  the  ventricles 
\an  eilhrr  in  the  aurides  or  the  arteries,  and  the  auriculo-ven- 
\rictilar  vahrs  are  conscqitrnily  open,   and  the  semilxtnar  valves 
hsed.     This  is  the  period  0/  '  /Uii>t}*  '  0/  the  hruri. 

(2)  A  period,  beginning  with  the  venirittUar  sysiole,  during 
which  the  pressure  is  increasing  abrupUy  in  tht  verUricies^  while 
they  are  as  yet  completely  cut  off  from  the  auricles  on  the  one  hand 

\nd  the  arteries  on  the  other  by  the  closure  of  both  sets  of  valves, 
'his  is  tht  fnriod  of  '  rising  pressure,'  during  which  the  verUricles 
-r,  so  to  say,  *  geiiing  up  steam,' 

(3)  -"^  period  during  ivhich  the  pressure  in  the  ventricles  overtops 
that  in  the  arteries^  and  the  semilunar  valves  are  open,  whil^  the 
aurict$lo'ventricular  valves  remain  shtU.  This  is  the  period  of 
*  discharge.' 

(4)  A  period  during  which  the  pressure  in  the  ventricles  is  again 
less  than  the  arterial,  ichile  it  still  exceeds  the  auricular  pressure,  and 
boSM  sets  of  valves  are  closed.  This  is  the  period  of  rapid  relaxation. 


Fin.  sU. —  r)iAr.ftAM  OP  CAnniAC  Sound  roM 

SlHUtTANCOUS  KhGfSTRATION  OF  EkDO- 
CARDIAC  pRKSSt'HE  I.N  AL'HICLE  AKD  VtLM' 
THia.C. 

A.  clastic  ampulla  for  auricle  ;  V.  tor  vea* 
thcie;  T.  tubfs  cuoQccted  with  recordiux 
UmtMuni. 
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Of  the  four  periods,  the  second  and  fourth  are  exceedingly 
brief.  The  third  is  rehitively  long  and  constant,  bein^  but 
ftbglitlv  dfpendciU  on  rither  tht:  ]>ulse-rale  or  the  |>ressure  in 
tlie  arteries.  The  duration  of  the  first  i>eri<xi  varies  inversely 
as  the  frequency  of  the  heart  :  with  the  ordinary  jmlse-rate  it 
is  the  longest  of  all. 

We  have  already  said  that  a  negative  pressure  may  be  detected  in 
the  cardiac  ca\'itics  by  means  of  a  special  form  of  mercurial  mano- 
meter. This  is  confirmed  by  an  examination  of  the  tracings  written 
by  ;^ood  elastic  manometers,  for  the  curves  of  both  ventricles  may 
ohcn  descend  below  the  line  of  atmospheric  pressure.  The  cause  of 
this  negative  pressure  has  been  much  discussed.  In  part  it  may  be 
ascribed  to  the  aspirarion  of  the  thoracic  cage  when  it  expands  during 
inspiration  (p.  188).  But  since  the  pressure  in  a  vigorously-beating 
heart  may  still  become  negative,  when  the  thorax  has  been  o^HJued. 
and  the  influence  of  the  respiratory  movements  ehniinated.  we  must 
conclude  that  the  recoil  of  the  somewhat  narrowed,  nr  at  least  dis- 
torted, aunculo-ventriculrtr  rings,  and  of  clastic  structures  in  the  walls 
of  the  ventricles,  exerts  of  itself  a  certain  suction  upon  the  blood. 

The  Arterial  P,ulse. — At  each  contraction  of  the  heart  a  quan- 
tity of  blood,  probably  varying  within  rathur  wide  limits  (p.  112). 
IS  forced  into  the  already  lull  aorta.  If  the  walls  of  t!ie  blood- 
vessels were  rigi<l,  it  is  evident  (p.  bb)  that  exactly  the  same 
quantity  would  pass  at  once  from  the  veins  into  the  right  auricle. 
The  work  of  the  ventricle  would  all  be  spent  within  the  time  of 
the  systole,  and  only  while  blood  was  being  pumped  out  of  the 
heart  would  any  enter  it.  Since,  however,  the  vessels  are 
extensible,  some  of  the  blood  forced  into  the  aorta  during  the 
systole  is  heaped  up  in  the  arteries,  beyond  whicli,  in  the  capdlary 
tract,  with  its  relatively  great  surface*  the  chief  resistance  to 
the  blood-flow  lies.  The  arteries  are  accordingly  distended  to 
a  greater  extent  than  before  the  systole,  and,  being  elastic,  they 
keep  contracting  upon  their  contents  until  the  next  systole 
over-distends  them  again.  In  this  way.  during  the  pause  the 
walls  of  the  arteries  are  executing  a  kind  of  clastic  systole,  and 
driving  the  blood  on  into  the  capillaries.  The  work  done  by 
the  ventricle  is,  in  fad.  partly  stored  up  as  potential  energy  in 
the  tease  arterial  wail,  and  this  energy  is  being  continually 
transformed  into  work  upon  the  blood  during  the  pause,  the 
heart  continuing,  as  it  were,  to  contract  by  proxy  duiing  its 
diastole.  Thus,  the  blood  progresses  along  the  arteries  in  a 
series  of  waves,  to  which  the  name  of  '  blood-waves  '  or  '  pulse- 
waves  *  may  be  given.  Wherever  the  pulse-wave  spreads  it 
manifests  itself  in  various  ways — by  an  increase  of  blood-pres- 
sure, an  increase  in  the  mean  velocity  of  the  blood-flow,  an 
increase  in  the  volume  of  organs,  and  by  the  visible  and  palpable 
signs  to  which  Llie  name  of  pulse  is  cumiuonly  given  in  a  restricted 


^H           THE  CIRCULATIO 

^Bmse.     The  intermitten 
^^Brave  is  necessarily  assoc 
^Hthe  aorta.     In   midfile-si 
^■Still  well  marked,  but  it 
^Hftnd  only  under  s|Hrial  cr 
^^B    The  pulse  was  well  kn 
^^ky  them  to  a  certain  exte 
^^blarvey  demonstrated  w 
^^Kmlsc  to  the  contraction 
^^Rtic  first  to  form  a  prope 
^■oC  a  wave  j^ropagaled  frc 
^Bl  When  the  hnger  is  pi 
^^■MOtkl,  the  radial  or  the 
^^Eritlwut  measurement,  st 
^^fc^irdiac  impulse,     [n  cei 
^^■is  a  distinct  rhythmical 
^Kh^  and  fall  of  tlie  skin 
^Bovcr   the  vessel.     The 
^^■Kobbing   of   thi 
^^^^Bbd.  cspeciallyalti'i 
^^Kcrrlion.  is  familiar  t< 
^^bv-erv"one,  and  the  beal 
^^bl  llu!  ulnar  artery  can 
^H^e  easily  rendered 
^^pisible    by    extending    ^ 
^^■he   hand    sharply  on     < 
^Hilir  wrist.     When  the 
^Kakr   is    felt    by  the 
^^Bngcr.  it    is   not    the    i 
^^^pansion,     but     the 
^^^Hjiening  oi  the  wall  of  1 
^^P^Bure.  that  is  [H!rceiv< 
^^E])be*ddrd  in  soft  tissues 
^HbQ_loken  of  its  presence 
^^^^ry  is  longitudinally 
^^Ertension  may  be  far  nu 
^^feoa.     Tliis  is  particularl 
^^Httd  and  a  more  distal  pc 
^^PHr.  as  at  a  bifurcation  c 
^^Hni!  divided. 
^■^  By  means  of  the  sph 
^HSie  arterial  wall,  or,  rati 
^^M^n|^  tissues  lying  < 

^^H  It  would  be  very  uaprof 
^^^vhich  ingenuity  has  invcr 
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ce   in    the  flow  with   which   the   pulse- 
iated  is  at  its  height  at  the  beginning  of 
izcd  arteries,  such  as  the  radial,   it  is 
dies  away  as  the  capillaries  are  reached 
jnditions  passes  on  into  the  veins, 
own  to  the  Greek  physicians,  and  used 
nt  as  an  indication  in  practical  medicine, 
ilh  some  clearness  the  relation  of  the 

of  the  heart,  but  Thomas  Voung  was 
r  conception  of  it  as  the  outward  token 
)m  heart  to  i>ertpt»ery. 
aced  over  a  superficial  artery  like  the 
temporal*  a  throb  or  beat  is  felt,  which, 
?ems  to  be  exactly  coincident  with  the 

tain  situations  the  pulse  can  be  seen 

Ftc.  j:.— ScHEMB  OF  Marev's  Spiivcmograph. 

A,  toothed  wheel  connected  with  axle  H,  and 
searing   into   toothed    upright    B  ;    C.    ivory    pad 
which  rests  over  bloodvessel  and  is  pressed  on  it 
by  moving  G,  a  scrpw  passing  through  lh»-  spring  J  ; 
£.  writing-lever  attached  to  axle  H.  and  moved  by 
t»  rotation  :    E  write*  on  D,  a  travelling  suHare 
noved  by  clockwork  F. 

the  vessel,  due  to  the  increase  of  arterial 
?d  ;  and  even  a  superficial  artery  when 
so  that  it  cannot  be  compressed,  give«» 
to  the  sense  of  touch.     Sometimes  an 
extended  by  the  pulse-wave,  and   this 
ire  conspicuous  than  the  lateral  dilata- 
y  seen  when  one  point  of  the  vessel  is 
»int  offers  some  obstruction  to  the  blood- 
^r  in  an  artery  which  has  been  ligatured 

ygmograph,  the  lateral  movements  of 
jer,  in  man,  the  movements  of  the  skin 
3vcr  the  bloodvessel,  can  be  magnified 

itablc  to  enumerate  all  the  sphygmographs 
itcd  and  found  names  for.     The  first  rude 

^1 
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attempt  to  magnify  the  movements  of  the  pulse  was  made  by  loosely 
attaching  a  thin  fibre  of  glass  or  wax  tf>  the  skin  with  a  little  lard,  in 
order  to  demonstrate  the  venous  pulse  which  apjwars  under  certain 
conditions.  V'ierordt  improved  on  this  by  usmg  a  counterpoised 
lever  writing  on  a  blackened  surface.  But  the  inertia  of  the  lever 
was  so  great  that  the  finer  features  of  the  pulse  were  obscured.  In 
all  modern  sphygmographs  there  is  a  part,  usually  button-shaped, 
which  is  pressed  over  the  urlery  by  means  of  a  sprTng.  as  in  Marey*s 
and  Dudgeon's  sphygmograplis,  or  by  a  weight,  or  by  a  column  of 
liquid.  In  Marey's  instrument,  the  button  acts  upon  a  toothed  rod 
gearing  into  a  toothed  wheel,  to  which  a  lever,  or  a  system  of  levers, 
is  attached.  The  lever  has  a  writing-point  which  records  the  move- 
ment on  a  smoked  plate,  or  a  plate  covered  with  smoked  paper, 

drawn  uniformly 
along  by  clock- 
work (Figs.  27,  77). 

In  a  normal 
pulse-tracing 
(Fig.  28)  the  as- 
cent is  abrupt  and 
unbroken ;  the 
descent  is  more 
gradual,  and  is  in- 
terrupted by  one, 
two,  or  even  three 
or  more,  secondary 
wavelets.  The 
most  important 
and  constant  of 
these  is  the  one 
marked  3,  which 
has  received  the 
name  of  the 
dicrotic  wave. 
Usually  less 
marked,  and  some- 
times absent,  is 
the  wavelet  2  between  the  dicrotic  elevation  and  the  apex  of  the 
curve.  It  is  generally  termed  the  predicrotic  wave.  Following 
the  dicrotic  wave  are  sometimes  seen  one  or  more  ripples,  which 
have  been  called  elastic  elevations. 

In  the  explanation  of  the  pulse- tracing,  a  fundamental  fact  to  be 
borne  in  mind  is  the  elasticity  of  the  vessels.  When  an  incompres- 
sible fluid  like  water  is  injected  by  an  intermittent  pump  into  one  end 
of  an  elastic  tube  a  w-ave  is  set  up,  which  is  transmitted  to  the  other 
end  of  the  tube.  It  is  a  positive  wave — that  is,  it  causes  an  increase 
of  pressure  and  an  expansion  of  the  tube  wherever  it  arrives  ;  and  if 
a  scries  of  levers  be  placed  in  contact  with  the  tube,  they  will  rise 
"  sink  in  succession  as  the  wave  passes  them.     After  the  passage  of 


Fir.,    2"*.  — Pl-LSf-TRACINCS. 

I,  primary  elevation :  2.  prcdicrotir  or  first  tidal 
vave;  3,  dicrotic  wave.  The  depression  betwren  2  and 
3  is  the  dicrotic  or  .lortic  notch  :  3  is  better  marked 
in  B  than  in  A.  C,  dicrotic  pulse  with  low  arterial 
pressure;  I>,  puUe  with  high  arterial  pressure — suminii 
of  primary  elevation  in  the  form  of  an  ascending  plateau. 
£,  systolic  anacrotic  piilse ;  the  secondary  wavelet  a 
occurs  during  the  upstroke  corresponding  to  the  ven* 
trlcolar  systole.  F.  presystolic  anacrotic  pulse ;  a  occors 
just  before  the  systole  of  the  ventricle.  In  this  rarer 
form  of  anacrotism.  a  may  sometimes  be  due  to  the 
auricular  s>'9toIe  when  the  aortic  valves  are  incompetent. 
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this  ftrimary  wave  the  walls  of  the  tube,  instead  of  coming  inst^intly  to 
■rest  in  their  original  position,  regain  it  by  a  scries  of  oscillations,  first 
khntiking  too  much,  then  expanding  too  much,  but  at  each  move- 
Tncnt  coming  nearer  to  the  position  of  equilibrium.  Each  vibration 
of  the  elastic  wall  is  of  course  accompanied  by  a  change  of  pressure 
kU  the  contents  of  the  lube.  This  change  of  pressure  mns  along  the 
Bubo  as  a  wave  ;  and  such  waves,  succeeding  the  primary  one,  may 
Be  called  secomlary  waves  of  osaHation,  These  sccondarv  waves  will 
Bk:  set  up  in  an  elastic  system  whether  the  distal  end  o^  the  system 
roe  closed  or  o|x:n.  But  if  it  is  closed,  or  suGicicntlv  obstructed 
writhnut  being  actually  closed,  secondary  waves  of  anotlicr  kind  may 
IhUo  be  generated,  the  primary  wave  on  arrixing  at  the  distal  end 
Ibcing  reflected  there.  The  rellccted  wave  running  back  towards  the 
Krntr^t  end  may  there  again  undergo  reflexion,  and  pass  out  oner 
bnure  towards  the  distal  end  as  a  centrifugal,  twice -reflected  wave. 
^Vhca  ilie  liquid  ceases  to  enter  the  tube  at  tlic  end  of  the  stroke,  a 
■tevc  of  diminished  pressure — a  negative  wave — is  generated  at  the 
HiktFal  end.  and  is  propagated  to  the  distal  end.  where  it  may  be 
■Mected  just  like  the  positive  wave. 

f  Although  under  certain  conditions  the  dicrotic  wave  is  so 
ltii-&rked  that  the  double  beat  of  the  pulse  was  discovered  and 
named  by  physicians  long  l)efore  the  invention  of  any  sphygmo- 
mraph,  perhaps  no  physiological  question  has  been  more  dis- 
Icussed  or  is  less  understood  than  the  mechanism  of  its  production. 
fTwo  points,  however,  seem  to  he  clear  :  (i)Tliat  it  is  a  ccntri- 
llu^l,  and  not  a  cenlrii>etal.  wave— that  is  to  say,  it  travels 
lauay  from,  and  not  towards,  the  heart  :  (2)  that  the  aortic 
ucmilunar  valves  have  something  to  do  with  its  origin. 
I  It  is  not  a  ccntri(K?tal  wave,  for  in  tracings  taken  at  all  parts 
Eof  the  arterial  path,  no  matter  what  the  distance  from  the  heart 
pand  the  capillaries  (c.^.^  the  origin  of  the  carotid  and  the  radial 
at  the  wrist),  the  dicrotic  wave  is  se|>arated  by  the  same  interval 
from  the  beginning  of  tlie  primary  elevation.  This  can  only  be 
explained  by  supposing  that  it  has  the  same  jwint  of  origin,  and 

■  travels  with  the  same  velocity  and  in  the  same  direction  as  the 
Iprimary  wave.  It  is  not,  then,  a  wave  reflected  directly  from  the 
[peripheral  distribution  of  the  artery  from  which  the  pulse-tracing 
lis  taken.  Some  writers  have  contended  that  it  is  a  centrifugal 
Itwice-reJlected  wave,  and.  indeed,  traces  of  such  waves  may  be 
Idetected  in  the  vessels  of  newly-killed  animals  when  changes 
■of  pressure  of  the  same  order  of  magnitude  as  the  arterial  pulse 
larr  artificially  produced  by  a  pump  and  recorded  by  elastic 
kianometers  connected  with  the  interior  of  an  artery.  It  has 
ll»pen  supposctl   tluit    these  secondary  waves  are  reflected  first 

■  from  |>eripheral  |x>ints  at  which  the  blood-flow  is  jxirticularly 
lobstructed  (the  bifurcations  of  the  larger  arteries,  and  the  small 
larleiies  and  capillaries  in  general),  and  that  rumiiiig  towards 
■the  heart,  they  are  again  reflected  outwards  from  the  semiltxnar 
I  6 
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valves.     It  has  been  urged  in  supiwrt  of  this  view  that  in  very 

small  animals  (guinca-[)igs)  no  dicrotic  elevation  occurs  on  the 
pulse-tracing,  since  the  path  which  the  reflected  wave  has  to 
follow  is  so  short  that  it  arrives  at  the  root  of  the  aorta  before 
the  primary  elevation  is  over.  But  this  argument  is  by  no 
means  conclusive,  and,  indeed,  the  great  difference  in  the  distance 
from  the  heart  of  the  numeroiLs  (wints  at  which  reflection  must 
take  place  is  one  of  the  chief  difficulties  of  the  hypothesis.  For 
it  is  not  easy  to  understand  liow  the  reflected  fraf^ents  ol  the 
primary  wave,  arriving  at  dilfereiit  intervals  at  the  heart,  can 
be  integrated  into  the  sin^^ie  considerabh-  dicrotic  elevation. 

The  explanation  that  best  lakes  account  of  the  facts  and 
renders  most  clear  the  role  of  the  semilunar  valves  is  some- 
what as  follows:  Wien  the  systole  abruptly  comes  to  an  end 
and  the  outflow  frtim  the  ventricle  ceases,  the  column  uf  biood 
in  the  aorta  tends  still  to  move  on  in  virtue  of  its  inertia,  and  a 
diminution  of  pressure,  accomjianied  by  a  corresprmding  con- 
traction oi  the  aorta,  takus  place  behind  it,  just  as  a  negative 
wave  is  set  up  in  the  central  end  of  the  elastic  tube  whi'n  the 
stroke  of  the  pump  is  over.  At  the  same  moment,  and  while 
the  semilunar  valvts  arc  still  for  an  instant  incompletely  closed, 
the  diminution  of  pressure  in  the  beginning  of  the  aorta  is 
intensihed  by  the  aspiration  of  the  relaxing  ventricle,  which  sucks 
the  blood  back  against  the  valves,  and  draws  them  a  little  way 
into  its  cavity.  A  negative  wa\'e,  therefore  —  a  wave  of 
diminished  |»ressure,  represented  in  the  jmlse-curve  by  the 
'  aortic  notch  '- — travels  out  towards  the  ]>eriphery.  The 
diminution  of  pressure  is  quickly  followed  by  a  rebound,  as  always 
happens  in  an  elastic  system,  the  recoiling  blood  meets  the  closed 
semilunar  valves,  the  acjrta  expands  again,  and  the  expansion  is 
propagated  once  more  along  the  arteries  as  the  dicrotic  elevation. 
It  is  possible  that  this  elevation  may  be  reinforced  by  a  reflected 
wave  produced  in  the  manner  described. 

Of  the  origin  and  significance  of  the  predicrotic  wave  we 
know  little.  Whetker  it  is  a  secondary  wave  of  oscillation  or  a 
wave  reflected  from  the  shorter  arterial  paths  and  then  again 
reflected  centrifugally  from  the  beginning  of  the  aorta  is  un- 
certain. Like  the  dicrotic  wave,  it  travels  away  from  the  heart. 
Oscillations,  due  to  vibrations  of  the  recording  apparatus,  apjjear 
on  many  pulse-tracings,  and  it  is  imi>ortant  to  recognise  their 
cause,  so  thai  no  weight  may  be  given  to  them. 

When  the  semilunar  valve  becomes  mcompetent  in  disease,  or  i$ 
rendered  insulficient  in  animals  by  the  artiticial  rupture  of  one  or 
more  of  its  segments,  the  dicrotic  wave,  as  will  be  readily  undcrstuod 
from  the  manner  in  which  it  is  produced,  cither  disappciirs  altogether 
or  is  markedly  enfeet>led.     But  apart  from  any  aniitonucal  lesion  or 
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luactional  defect  ia  thu  aortic  valves,  the  prominence  oi  the  wave 
varies  with  a  gre^U  uumbur  of  circuiiistanccs,  some  of  wliich  arc  in  a 
measure  undcrstootl,  wliile  others  teinain  obscure.  It  varies  la 
particular  with  the  abrujitness  of  discharge  of  the  ventricle  and  the 
cxtensibihty  of  the  arteries.  The  conditions  are  usually  favourable 
Tft-hcn  the  arterial  pressure  is  low,  for  the  blood  then  passes  i^uickly 
iroin  the  ventricle  into  the  arteries,  which,  already  only  moderately 
tense,  are  easily  dilated  by  the  primary  wave,  then  sliarply  collapse, 
and  Art;  again  abruptly  distcnaed  when  the  dicrotic  wave  arrives. 
And,  in  fact,  an  exaggeration  of  the  dicrotic  wavelet  may  be  artifi- 
cially produced  by  nitrite  of  amyl  (Fig.  79,  p.  172).  a  drug  which 
lessens  iJie  blood-pressure  by  dilating  the  small  arteries,  ^^uscular 
exercise  (Fig.  78,  p.  172),  running,  for  instance.  \u\s  a  similar  efifcct 
uQ  the  sphygmogram,  although  the  explanation  can  scarcely  be  the 
•Ainc,  since  the  blood-pressure  mounts  rapidly  when  moderate 
exercise  begins  and  only  gradually  falls  during  its  continuance,  with 
an  abnipt  decline  to  normal  or  below  it  on  cessation  of  work  iBowcn). 
The  increase  in  the  pulse-rate  may  liavc  something  to  do  in  this  case 
with  the  rxaggcration  of  the  dicrotism,  which  is  very  frequently, 
IgjUKough  by  no  means  invariably,  associated  with  a  rapidly-beating 
Bj^rt,  and  therefore  is  often  seen  in  fever.  On  the  other  hand,  in 
pertain  diseases  associated  with  a  higli  arterial  pressure  the  dicrotic 
elcvitiou  almost  disappears.  AtJxeromatous  arteries,  being  very 
^UkCXtemible.  do  not  allow  a  dicrotic  pulse. 

hflhW  the  pulse  represents  a  ixrriodical  increase  and  diminution  in 
Uw'MKUunt  of  distension  of  an  artery  at  any  point,  the  line  joining 
all  the  minima  of  the  pulse-curve  will  vary  in  its  height  above  the 
basc-hnc.  or  hne  of  no  pressure,  according  to  the  amount  of  per- 
manent distension,  i.e.,  |>erm.'incnt  blood-pressure,  which  the  heart 
in  any  given  circumstances  is  able  to  maintain.  Any  circumstance 
that  tends  to  lessen  the  permanent  distension  will  cause  a  fall  of  the 
line  of  minima,  and  any  circumstance  tending  to  increase  the  disten- 
sion will  cause  that  hric  to  rise.  If,  for  example,  the  arm  be  raised 
wlule  a  pulse-tracing  is  being  taken  from  the  wnst,  the  hne  of 
'  tninima  (alls  because  the  i)crmanent  pressure  in  the  radial  artery  is 
diuiimshed. 

I  TIh-  form  of  the  pulse-curve  varies  in  Uie  different  arteries, 
luad  tljcrefure  ui  making  cuiniiarisons  tho  same  artery  should  be 
Bfed.  When  tlic  wave  of  blood  only  eaters  on  artery  slowly, 
rilic  astending  i*art  of  tlie  curve  will  l>e  oblique.  This  is  normally 
I  the  i;ise  in  a  jiulse-curve  of  a  distant  artery,  such  as  the  jxisterior 
tibial.  The  height  of  the  wave  is  also  less  than  in  an  artery 
nearer  the  heart,  such  as  the  carotid,  or  even  tJie  axillary,  where 
[the  primary  elevation  is  relatively  abrupt  (Fig.  80,  p.  172), 
I  Aijacrotic  Pulse. — As  a  rule,  the  ascent  of  the  tracing  is 
I  unbrokcn^>y"5econcIary  waves,  but  in  certain  circumstances 
I  these  may  apiK.*ur  on  it.  Tliis  condition,  which,  when  well 
iinarke<l  at  any  rate,  may  be  considered  pathological,  is  called 
anacrotism  (Fig.  28).  It  is  seen  when  the  discharge  of  the  left 
vcntncle  into  the  aorta  is  slow  and  difficult — tf.g.,  in  old  people 
flirhosc  arteries  have  been  rendered  less  extensible  by  the  deposit 
Of  Itmc-salts  in  their  walls  (atheroma),  and  in  cases  where  the 
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orifice  of  the  aorta  has  been  narrowed  from  disease  of  the  semi- 
lunar valves  (aortic  stenosis).  Since  these  conditions  are  in 
general  associated  with  hj^pertrophy  and  dilatation  of  the  left 
ventricle,  the  slow  emptying  of  the  ventricle  is  partly  due  to  the 
greater  quantity  of  blood  which  it  contains. 

In  whatever  way  the  delay  in  the  emptying  of  the  ventricle 
is  brought  about,  the  most  probable  explanation  of  the  anacrotic 
pulse  is  that  the  delay  affords  time  for  one  or  more  secondary 
waves  to  be  developed  in  the  arterial  system  before  the  summit 
of  the  curve  has  been  reached,  and  that  these  are  superposed 
uix)n  the  long-drawn  primary  elevation. 

In  aortic  insufficiency,  where  the  left  side  of  the  heart  is 
never  cut  off  entirely  from  the  aorta,  the  auricular  impulse  is 
sometimes  marked  on  the  pulse-curve  as  a  distinct  elevation ; 
and  this  gives  rise  to  a  peculiar  kind  of  anacrotic  pulse,  especially 
in  the  arteries  nearest  the  heart  (Fig.  28,  F). 

Frequency  of  the  Pulse. — In  health,  the  working  of  the 
cardiac  pump  is  so  smooth  and  apparently  so  self-directed,  that 
it  needs  a  certain  degree  of  attention  to  perceive  that  the  rate 
of  the  stroke  is  not  absolutely  constant.  It  is,  in  reality,  affected 
by  many  internal  conditions  and  external  influences. 

At  the  end  of  fcetal  life  the  rate  is  given  as  144  to  133  ;  from 
birth  till  the  end  of  the  first  year,  140  to  123 ;  from  10  to  15  years, 
91  to  76  ;  from  20  to  25  years,  73  to  69.  It  remains  at  this  till  60 
years,  and  increases  again  somewhat  in  old  age.*  At  aU  ages 
the  pulse  is  somewhat  quicker  in  the  female  than  in  the  male, 
the  excess  amounting  to  about  8  beats  a  minute.  So  that  if 
we  take  the  average  rate  for  a  man  (in  the  sitting  position)  as 
72,  the  average  for  a  woman  will  be  80.  The  difference  is  partly 
due  to  the  fact  that  the  average  man  is  taller  than  the  average 
woman  ;  and  it  is  known  that  in  persons  of  the  same  sex  and  age 
the  pulse-rate  has  an  inverse  relation  to  the  stature.  But 
there  may  be,  in  addition,  a  real  sexual  difference.  The  position 
of  the  body  exercises  a  small,  but  relatively  constant,  influence 
on  the  rate,  which  is  greater  in  the  standing  than  in  the  sitting 
posture,  and  greater  in  the  latter  than  in  the  recumbent  position. 
And  this  is  true  even  when  muscular  action  is  as  far  as  possible 
eliminated  by  fastening  the  person  to  a  board.     The  pulse  is 

*  It  must  be  remembered  that  these  numbers  are  merely  averages. 
Some  healthy  individuals  have  a  much  lower  pulse-rate  than  72  per  minute, 
and  some  a  rate  considerably  greater.  Thus,  while  the  average  pulse-rate 
(taken  in  the  sitting  position)  of  87  healthy  (male)  students,  whose  ages 
ranged  from  1 8  to  36  years,  was  7  3 .  the  extreme  variation  was  from  54  to  98. 
In  the  standing  jwsition  ttie  average  was  So,  and  the  variations  64  to  105. 
in  the  supine  {X}sition,  average  69,  and  variations  48  to  98.  After  a  short 
spell  of  muscular  exercise  (generally  running  up  and  down  some  flights  of 
stairs)  the  average  in  the  standing  position  was  119,  the  variations  75  to 
164,  and  the  average  increase  32. 
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further  affected  by  the  respiratory  movements,  especially  when 
they  are  exaggeraled  in  forced  breathing,  being  accelerated 
during  rarh  inspiration  (p.  2j8).  It  is  also  increased  by  the 
taking  ol  lood.  and  especially  of  alcoholic  stimulunts,  by  muscular 
exercise,  in  fever  and  many  other  pathological  conditions,  and 
by  a  high  external  temperature.  A  warm  bath,  for  example, 
causes  a  very  distinct  acceleration  of  the  heart  :  and  Delaroche 
found  that  in  air  at  the  temperature  of  65°  C.  his  pulse  went  up 
to  160.  A  cold  bath  may  depress  the  pulse-rate  to  60,  or  even 
less.  During  sleep  it  may  fall  to  50.  It  is  greatly  influenced  by 
psychical  events,  and  that  in  the  direction  either  of  an  increase 
or  a  drcrease.  Finally,  it  ought  to  be  rememliered  as  of  some 
j>ractical  unportance  that  the  pulse-rate  in  women  and  diildren, 
but  ]>articular!y  in  the  latter,  Ls  less  steady  than  in  men,  and 
more  apt  to  l>e  affected  by  trivial  causes.  And  it  is  a  good  general 
rule  to  let  a  short  intcr\'al  elapse  after  the  finger  is  laid  on  the 
artery  l>efore  Iwginning  to  count  the  pulse,  so  that  the  acceleration 
due  to  the  agitation  of  the  patient  may  have  time  to  sul^side. 

Vatious  Characters  of  the  Pulse.  —Certain  terms  which  have  come 
down  from  the  older  medicine,  and  arc  still  used  clinically  to  describe 
various  conditions  of  the  circulation  as  investigated  by  fechn^  the 
pulse,  must  here  be  brieHy  touched  on  ; 

'  Hard  '  pulse  (pi*lsus  durus).  Here  the  meaa  blood-pressure  is 
IJhigh.  the  vessels  are  considerably  distended,  and  the  pulse  therefore 
BEb  hard.  With  a  '  soft  '  pulse  {f>nisus  ttioUis)  the  mean  blood- 
'plCssure  is  low. 

With  a  '  quick  '  pulse  [puisus  ceUr)  the  artery  is  rapidly  distended 
by  the  pulsc-wavc.  With  a  *  slow  '  pulse  {pulsus  tardus)  the  distea- 
fnon  IS  slow. 

,  ^  The  terms  '  strong  '  pulse  {pi4lsu5  forlts)  and  '  weak  '  pulse  [pulsus 
■Mi/(5)  refer  to  the  amount  by  which  the  pulsc-wavo  increases  the 
iBbod- pressure  at  the  point. 

*  I^rgc  *  putsc  {puJsui  magnus)  and  '  small  '  or  '  thready  '  pulse 
{puiius  pari'us)  refer  to  the  increase  in  the  quantity  of  blood  which 
e%xry  pulsc-wavc  causes  in  the  vessel. 

The  *  fnrcc  of  the  pulse  '  is  a  phrase  which  is  often  ambiguously 
med.  sometimes  upi>arently  as  synonymous  with  '  strength,'  and 
sometimes  with  '  size.*  as  above  defined.  In  fact,  the  quantitative 
information  obtained  by  feeling  the  pulse  with  the  linger,  although 
more  valuable  for  clinical  purposes  than  anything  that  can  be 
ile<luccd  from  an  ordinary-  sphygmographic  record,  is  far  inferior  in 
precision  to  the  qualitative  notion  which  that  tinie-hunoured  pro- 
cecdmg  atlords.  The  '  force  of  the  pulse  '  does  not  necessarily 
correspond  with  the  force  of  the  heart.  It  depends  partly  on  the 
suddenness  with  which  the  pulsc-wavc  distends  the  artcr\'.  partly  on 
the  amount  of  this  distension  in  relation  to  the  previous  permanent 
di^f.-T>^.,,n  :tnd  to  some  extent  on  the  calibre  nf  the  vessel.  Other 
llin  •qual.  the  pulse  in  a  large  vessel  will  feel  stronger  than 

th.r  Her  vessel.     Tliis  last  factor  accounts  for  the  inequahty 

in  t  'i  the  iiuisc  which  is  nut  infrequently  found  between  thJe 

twn  <  ven  of  a  healthy  iwrsoo. 
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ulse-^ 


Rate   of   Propagation   of    the    Pulse-wave.  -When    pulse 

tracings  an'  takf[i  sirmiUaiK'ousIy  at  two  )>oiiits  ol  the  arterial 
system  iinf<|uaIJy  tlistanl  from  the  lieart,  by  two  sphygmographs 
whose  writing-]M>ints  move  in  the  same  vertical  straight  line,  ■ 
it  is  found  that  the  ascent  of  the  cur\'c  begins  later  at  the  more  ™ 
distant  than  at  the  nearer  point.  Since  waves  like  the  pulse- 
wave  travel  with  approximately  the  same  velocity  in  different 
j*arts  of  an  clastic  system  like  the  arterial  '  tree.'  this  '  delay  * 
must  be  due  to  the  difference  in  the  length  of  tlie  two  paths. 
The  difference  in  length  can  be  measured  ;  the  time-value  of 
the  '  delay  *  can  be  deduced  from  the  rate  of  movement  of  the 
recording  surface  ;  dividing  the  length  by  the  time,  we  arrive 
at  the  rate  of  propagation  of  the  pulse-wave.  The  average  rate 
has  been  foimd  to  he  alwvut  7  metres  per  second  in  man  in  the 
arteries  of  the  upper  hinl>,  and  8  metres  in  those  of  the  lower 
limi),  the  difii'ience  Ix-ing  due  to  the  smaller  distenslbility  of 
the  latter.  In  sleep  the  velocity  diminishes  almost  a  metre  a 
second.  It  increases  in  arterio-sclcrosis.  where  the  distensibility 
of  the  artcrif^s  is  diminished,  and  in  chronic  nephritis  with  hyi>er- 
trnphy  ol  the  heart,  in  which  the  blood-pressure  is  increased. 
Tiie  mean  velocity  of  the  pulse-wave  is  about  the  same  as  the 
speed  of  a  moderately  fast  Atlantic  liner  (say,  17  miles  an  hovuj, 
but  less  than  that  of  a  wave  of  the  sea  in  a  strong  gale.  The 
velocity  of  the  pulse-wave  must  not  be  confounded  with  that 
of  the  blood-stream  itself,  which  is  not  one-thirtieth  as  great. 
A  ripple  passes  over  the  surface  of  a  river  at  its  own  rate — a 
rate  that  is  independent  of  the  velocity  of  the  current.  The 
])assage  of  the  ripj^ile  is  not  a  bodily  transference  of  the  particles 
of  water  of  which  at  any  given  moment  the  wave  is  com]K)sed, 
but  the  propagation  of  a  change  of  relative  position  of  the  par- 
ticles. The  mere  fact  that  ^the  ripple  can  jiass  upstream  as 
well  as  down  is  sufficient  to  illustrate  this.  Tlu*  jnilse-wave 
does  not,  however,  correspond  in  ever>^  resjx'ct  to  a  ripple  on  a 
stream,  for  the  bodily  transfer  of  the  blood  depends  U|>on  the 
series  of  blood-waves  which  the  heart  sets  travelling  along  the 
arteries.  Every  j)article  of  blood  is  advanced,  on  the  whole, 
by  a  certain  distance  with  every  pulse-wave  in  which  for  the 
time  it  takes  its  place.  But  no  particle  continues  in  the  front 
of  the  pulse-wave  from  beginning  to  end  of  the  arterial  system. 
The  '  delay  '  or  '  retardation  '  of  the  pulse  (the  interval,  say, 
between  the  beginning  of  the  ascent  of  the  carotid  and  radial 
curves)  is  practically  constant  in  the  same  individual,  not  only 
in  health,  but  also  in  most  diseases.  But  the  retardation  is 
markedly  increased  when  the  pulse-wave  has  to  pass  through 
a  ]>ortion  of  an  artery  whose  lumen'is  either  greatly  widened 
(iji  aiu;urism),  or  greatly  constricted  (in  endarteritis  obliterans). 
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The  Blood -pressure  Pulse.— In  man  it  is  only  possible  to 
trare  thf  inilso-w;ivc  alonj;  the  .irtirics  by  movements  of  the 
w;ills  of  the  vessels  liansmilted  tlirough  the  overlylnj;  tissues. 
In  ;inimals  the  changes  of  pressure  that  occur  in  the  blood  itself 
can  be  du'ivtly  re^'istered,  and  these  changes  may  t)e  spoken  of 
as  the  blootl-pressure  pulse.  At  bottom,  us  already  jMiinted 
oiiC  the  phenomenon  is  exactly  the  same  as  that  we  have  been 


F|-^.  29.— Anrakuvmkkt  poft  TAKING  A  BlooD'Pkkjwvrk  Tracimc. 
If.  maii'XiH-Irr  ;   \\^,  nirrmry  :   F.  fliMl  urnirfl  with  wrtlliig>point  ;  A.  thread 
Atlftrhr*]  to  A  wirp  )>r<t)t>rtjnf(  (roin  the  dnim  and  supporting  a  smaJl  wWghC — the 
thrrad  k«cps  the  writinicpotnt   in  ruatdct  willi  the  imnkiHl  |ia(wT  on  tlK  drum. 
B  U  «  ilronx  rublxr  tube  connecting  the  manoioftcr  with  the  artery  :  C.  a  pinch- 
on  tbe  nibbrr  tube,  which  is  taken  all  when  a  Uaring  is  I  o  be  obtained. 

Iinf»  with  in  our  study  of  the  externa!  pulse.  We  are  only 
now  to  follow,  by  a  more  direct,  and  in  some  respects  a  more 
perfect  method,  the  same  wave  of  blood  along  the  same  channel. 

Measurement  of  the  Blood -pressure. — Hales  was  the  first  to 
tne;isurc  the  MiMxl-prcssurc.  This  he  did  by  connecting  a  tall  glass 
tube  with  the  crural  artery  "f  a  horse.  The  height  to  which  the  blood 
tctsc  m  the  tiibejmdic:\ted  the  pressure  in  the  vessel.  Poiseuillc. 
ly  h^lf  -1  ccnturv^atcr,  applied  the  mercur\'  manometer,  which 
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had  already  been  used  in  physics,  tu  tht  measurement  of  blood- 
l>ri:ssurc.     Ludwiu  and  otlitTs  im]»riivL'd  llvs  method  by  makmg  Ihc 
iiwtnunifter  SLlf-ffKislcrinj^  by  means  i)f  a  flo   t  in  the  open  limb,  sup- 
]>orlini;  a  style  which  writes  uii  a  revolvin;^  drum,  or  kymograph.  ■ 
(For  the  method  of  taking  a  blood -pressure  tracing,  sec  p.  174.)  f 

For  reasons  already  mentioned  the  mercurial  manometer  is  better 
suited  for  measuring  the  mean  blood-prcssurc,  or  for  recording 
changes  in  the  pressure  which  last  for  some  time,  than  for  following 
the  rapid  variations  of  the  puUc-wave.  For  the  latter  purpose,  one 
of  the  class  of  elastic  manometers  is  required  (p.  73). 

A  blood-pressure  tracing  taken  from  an  artery  with  a  manometer 
of  this  sort  yields  the  truest  picture  of  the  pulse-wave  which  it  is 
possible  to  obtain,  be- 
cause the  reproduction 
of  it  is  the  most  direct. 
The  fact  that  such  a 
tracing  shows  a  close 
agreement  with  the  trace 
ot  a  good  sphygmograph 
applied  to  the  corre- 
sponding artery  on  the 
other  side,  is  a  striking 
proof  of  the  general 
accuracy  of  the  sphyg- 
mographic  method  for 
physiological  purposes, 
j'.nd  enables  us  to  guide 
f>urselves  in  transferring 
to  man,  in  whom.  01 
course,  the  sphygmo- 
graph can  alone  be  used, 
the  inforn\ation  derived 
from  direct  manometric 
observations  in  animals. 


Fu..    30. — Curves    op    BtoDD-pREsseRc    takes 

WITH       A       SPRINO       MaNOMKTEK       rKOM       THfc 

Carotid  Artery  of  a  Dog  (Hirtiile). 

When  1  was  (akeii  the  bloud-prresurc  was  high  ; 
2  correspt*nds  to  a  mrdiuni,  3  to  a  low,  and  4  to  a 
very  low.  blof>d-pnssurc  :  p  is  the  primary  eleva- 
tion— this  and  the  lurccedins  cli-vatioits  between 
p  and  a  arc  called  s\-5toIic  wavca :  the  syslutir 
waves  are  followed  hy  a  marked  elcvaltoa  d,  which 
rfN-responds  to  the  dicrolir.  wave. 


For  the  same  reason 
it  is  unnecessary  to 
discuss  the  manometric 
tracings,  as  regards  the 
pulsatory  phenomena, 
in  all  their  details.  It  will  be  sufficient  to  say  that  while  the  form 
of  the  hlood-prcssure  pulse-curve  varies  with  the  mean  blood- 
pressure,  the  dicrr)tic  wave  is  always  marked  on  it,  preceded  by 
one  or  more  oscillations  fallinfj  within  the  periml  of  the  systole,  and 
followed  Ijy  one  or  more  witliin  tlie  period  of  the  diastole.  When 
the  blood-pressure  is  low,  the  first  or  primary  elevation  is  the 
highest  of  the  whole  curve  (Fig.  30).  When  the  blood-pressure 
is  high,  the  maximum  falls  later,  coinciding  with  one  of  the 
secondary  systolic  waves,  but  always  ])R'aHling  the  dicrotic 
wave  ;  and  the  curve  assumes  an  anacrotic  character. 

That  all  the  secondary  oscillations,  including  the  dicrotic  wavelet, 
arc  centrifugal,  and  not  centripetal,  mav  be  shown,  just  as  in 
the    sphygraographic     method,    by    recording     the    blood-pressure 
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simultAncously  at  two  points  of  the  artcriAl  system  at  different 
rlistAncc-s  from  the  heart — r./?.,  in  the  cfutaI  and  carotid  arteries. 
The  srcondarx'  w.ivcs  jirc  found,  by  measuring  the  tracings,  lo  reach 
the  Tnc»re  distal  point  later  than  the  more  central. 

The  increase  of  pressure  during  the  systole,  as  indicated  by  the 
height  uf  the  primary  elevation,  is  always  ver\'  large,  much  larger 
than  it  api>ears  in  a  tracing  taken  with  a  mercury  mauunietcr.  In 
the  rabbit  this  putsatonr'  variation  is  one-third  to  one-fourth  of  the 
nummum  pressure.  In  the  dog  it  is  still  greater,  owing  to  the  slower 
rate  of  the  heart,  and  often  amounts  to  50  mm.  of  mercury,  while 
under  favourable  conditions  (low  minimum  pressure  and  slowly 
beating  heart)  the  systolic  increase  of  pressure  may  be  actually  more 
than  double  the  minimum  (Hurthle).  Fick  found  abo.  by  mcarus  of 
his  spring  manometer,  that  the  pulsaton,*  variations  of  blood-pressure 
were  greater  than  the  respiratory  variations  (p.  (k*).  although  in  the 
records  of  Uic  mercury  manometer  the  reverse  apjwars  often  to  be 
the  case.  I^andois.  too.  in  the  course  of  cxiwriments  in  which  a 
divide<l  artery-  was  allowed  to  spout  against  a  moving  surface,  and 
to  trAce  on  it  a  sort  of  pulse-curve  painted  in  blood  (a  haemautogram 
as  it  is  called),  obscr\-cd  that  the  rate  of  escape  of  the  blood  was 
nearly  50  per  cent,  greater  during  the  systole  than  durini;  the  diastole 
of  the  heart.  The  existence  of  the  dicrotic  wave  on  this  tracing 
was  long  looked  on  as  the  best  proof  that  it  was  not  an  artificial 
phenomenon. 

The  wave  of  increased  pressure,  as  it  runs  along  the  arterial 
system,  carries  wth  it  wherever  it  arrives  an  increase  of  potential 
ciicrg>%  But  this  excess  of  |)otential  energy  is  continually  being 
worn  down,  owing  to  the  friction  of  the  vascular  bed  ;  and 
although  in  the  com |>ara lively  large  arteries  the  loss  of  energy 
is  not  great,  it  rajndly  increases  as  the  arteries  approach  their 
termination,  and  begin  to  branch.  For  not  only  is  the  total 
surface,  and  therefore  the  friction,  increased  with  every  bifurca- 
tion, but  the  mere  change  of  direction  and  division  of  the  wave 
cannot  take  place  without  loss  of  energy.  For  this  reason  the 
fluctuations  of  blood-pressure  are  greater  in  the  large  arteries 
near  the  heart  than  in  arteries  smaller  and  more  remote.  In 
the  wide  and  much-branched  capillary  bed  the  pulse-wave  dis- 
ap|>ears  altogether,  and  the  blood-pressure  l>ecomes  relatively 
constant  or  permanenl.  And  it  is  for  some  pur|K>ses  convenient 
to  look  ujKjn  the  blo<xl-pressurc  in  the  aiterics  as  made  up  of  a 
permanent  element,  with  pulsatory  oscillations  sujjeqwsed  on 
it.  Since  no  portion  of  the  arterial  system  is  more  than  partially 
emptied  in  the  interval  t)etween  two  blood-waves,  the  minimum 
or  |iermancnt  pressure  is  always  ix>sitive — »,r.,  always  above 
that  of  the  ainiosphcre,  the  beats  of  the  heart  succeeding  each 
other  so  rapidly  that  the  successive  waves  overlap  or  '  interfere/ 
are  only  separated  at  their  crests. 
\i  the  heart  is  stop|wd  while  a  blood-pressure  tracing  is  being 
taken — and  we  shall  see  later  on  how  this  can  be  done  (p.  126) — 
the  minimum  line  of  the  tracing  goes  on  falling  towards  the  zero- 
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line.  Wlicn  the  heart  begins  beating  again,  the  pressure-curve^ 
rises,  not  by  a  continuous  ascent,  but  by  successive  leaps,  each 
corresponding  to  a  beat  of  the  heart,  and  each  overtopping  its 
predecessor,  till  Ihe  old  line  of  minimum  or  of  mean  pressure  is 
a^ain  reached.  ^ 

The-  mean  arterial  blood -pressure  is  the  permanent  pressure^ 
plus  one-half  of  the  average  j))dsatory  oscillation.  In  a  bkiod- 
piessure  tracinj^j  the  line  of  ]>cimanent  pressure  joins  all  the 
minima  ;  the  line  of  maximum  pressure  joms  all  the  maxima  ; 
ihc  line  of  mean  pressure  is  drawn  between  them  in  such  a  way 
that  of  the  area  included  between  it  and  the  blood-pressure 
curve  as  much  lies  above  as  below  it  (Fif^.  31).  As  has  been 
said,  a  tracing  taken  with  a  mercury  n^anometcr  gives  approxi- 
mately  the  mean  blofKi-pressure.  Each  beat  of  the  heart  is.fl 
rejjresented  on  if  by  a  single  elevation  of  variable  size,  some-" 

times   not   amounting    to   more 

than  one-twentieth  of  the  height 
of  the  curve  above  the  line  of 
zero  or  atmospheric  pressiu"e, 
but  sometimes  much  larger. 
The  oscillations  due  to  the 
heart-beat  arc  superposed  upon 
much  longer,  and  often,  as 
registered  in  this  way,  larger 
waves,  caused  by  the  movements 
of  respiration.  So  much  having  been  said  by  way  of  definition, 
we  have  now  to  consider  the  amount  of  the  mean  arterial 
pressure,  the  variations  which  it  undergoes,  and  the  factors  on 
which  its  maintenance  depends. 

As  to  it?;  amount,  it  will  be  sulhciently  accurate  to  say  that 
in  the  systemic  arteries  <if  warm-blooded  animals  in  general 
(including  birds),  and  of  man  in  jiartirular,  the  mean  pressure 
does  mit.  under  tjrdniary  conditi<ins.  rh^cend  much  below  100  mm. 
of  mercury,  nor  rise  much  above  200  mm.  ;  while  in  cold-blooded 
animals  it  seldom  exceeds  50  mm.,  and  may  fall  as  low  as  20  mm. 

It  does  not  seem  possible,  at  least  with  our  present  data,  to  further 
subdivide  these  two  great  groups  ;  nor  do  wc  know  ]>recisely  whether 
the  distinution  dei>eiuls  mainly  on  ninrpholoyiciil  or  m;iinly  on 
physiologicid  differences,  whether,  tliat  is  to  siiVr  the  warin-blooded 
animal  has  a  higher  blood- pressure  tliiin  the  cold-blooded  chiefly 
because  its  vascular  system  (and  especially  its  heart)  is  anatomically 
more  perfect,  or  because  its  heart  beats  faster  and  works  harder.  It 
may  be  that  it  is  for  both  of  these  reasons  that  the  birds,  which  in 
certain  other  respects  are  more  nearly  related  to  the  rci)tiles  than 
to  the  mammals,  mount,  as  regards  the  pressure  of  the  blood,  into 
the  mammalian  class,  and  that  a  manometer  in  the  carotid  of  a  goose 
will  rise  iis  high,  or  almost  ;is  higli,  as  in  the  carotid  of  a  horse,  a 


Fic.  31. — Blood-prbssure  Tracino. 

The  hnrizontal  straight  line  iater- 
sectioK  the  curves  is  the  Ituc  uf  mcaii 
pressure. 
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sheep,  or  a  dof?.  while  the  pressure  in  the  aorta  of  a  tortoise  is  no 
higher  than  in  the  aorta  of  a  frog.  But  wf  know  that  the  mere 
average  rate  of  the  heart  has  of  itself  cunii»arativrly  Uttlc  inllucncc 
on  the  blood- pressure  within  citlier  groun.  for  the  licart  of  a  rabbit 
brats,  on  the  average,  vcn,'  much  faster  tiuin  the  heart  of  a  dog.  and 
yet  the  arterial  pressure  iii  the  dog  is  certainly  at  least  as  great  as  in 
the  rabbit.  Nor  does  the  size 
of  the  body  seem  to  have  any 
definite  relation  to  the  mc.^n 
I>ressure,  even  in  animals  of  the 
same  species;  and  there  is  no 
reason  to  suppose  that  the 
•pressure  is  materially  loss  in  the 
raclial  artery  of  a  dwarf  thiin  in 
the  n^dial  artery  of  a  giant. 

Measurement  of 
Blood-pressure  in 
Man. —  In  man  the 
blood-pressure  has 
been  estimated  by 
adjusting  over  an 
artery  an  instrument 
known  as  a  sphygmo- 
manometer or  sphyg- 
mometer, which,  in  its 
most  modem  form, 
consults  essentially  of 
>llow  rubber  pad  or 
containing  liquid 
or  air,  and  connected 
with  a  metallic  pres- 
sure gauge  or  a  mer- 
curia]  manotncter. 

Th©  sphyg- 
momanometer 
of    Krlangcr 

arranged  to 
obtain  graphic 
reconU  of  the 
pulse,  from 
which  both  the 
maximum  and 
the  minimum 
blood- pres- 
sures may  be  1 
deduced.     The 

mean  pressure  cannot  be  directly  measured,  but  must  lie  much  nearer 
to  the  minimum  than  to  the  maximum,  since  the  line  of  mean  pressure 
bisects  the  area  enclosed  by  the  pulsc-cnnc,  and  this  area  is  broad  at 
the  base  and  narrow  at  the  apex.     The  rubl>er  bag  is  applied  in  the 
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form  of  a  cuff  or  armlet  to  the  arm  above  the  elbow  over  the  brachial 
arler>'.  It  communicntcs  \\\t\x  a  mercury  manometer,  which  giv 
the  pressure  cxcrtx-d  upon  the  arm.  It  is  also  connected  with 
rubber  bulb,  B,  enclosed  in  a  j;;lass  bulb.  G,  and  through  a  stof>cock 
with  a  syringe  bulb,  W  provided  wHth  a  valve.  The  sjiace  between 
B  and  G  cnmnumicatcs  (1}  with  the  tambour;  {z)  with  the 
exterior  thri)ugh  the  stopcock  by  the  tube  E,  and  also  through  a 
pin-point  oiK-ning  in  the  membrane  of  the  tambour.  While  the 
armlet  is  being  adjusted  the  stopcock  is  turned  so  that  the  rubber 
bag  is  in  communication  with  the  external  air  through  F.  The  same 
is  true  of  the  space  TS  in  the  glass  bulb.  The  tambour  is  thus  pro- 
tected against  undue  strain  during  adjustment.  The  sto[x:ock  is  now 
rotated  so  as  to  cut  oft  the  armlet  from  the  exterior  and  to  permit  the 
entrance  of  air  throujih  F  from  V,  which  is  used  as  .1  pump  to  raise  the 
pressure,  the  space  TS  and  the  tambour  bcin^  still  in  communication 
with  the  extcnor.  \Vlien  the  desired  pressure  has  been  reached,  the 
stoi^ock  is  turned  into  iin  intermediate  position,  which  cuts  off  both 
the  armlet  and  the  sjiace  TS  from  the  exterior,  and  the  pulse  is  then 
transmitted  to  the  tambour  and  recorded  on  the  drum.     By  certain 

adjustments 
of   the   stop' 
cock  air  caa^ 
be  allowed 
escape    mo] 
or  less  rapidly 
from     the 
armlet. 

To  deter- 
mine the 
maximum 
blood  -  pres  - 
sure,  the  air-^| 
pressure  in.^1 
the  armlet  is 
raised  con- 
sidcrablyjJt 
(about  50^ 
mm.  H  g ) 
above  what 
it  is  expected 
to  be.  While 
the  lever  is 
writing  on  the  drum,  the  pressure  is  gradually  diminished  by  allowing 
air  to  esca}>e.  At  the  moment  when  the  pressure  upon  the  arm  falls 
below  the  maximum  blood-pressure,  the  oscillations  of  the  lever  will 
more  or  less  abruptly  increase  in  amplitude.  The  pressure  shown  by 
the  manometer  at  this  point  is  the  maximum  blood-pressure.  To 
obtain  the  minimum  pressure,  the  air-pressure  in  tlie  armlet  is  raised 
somewhat  (10  to  15  mm.  Hg)  above  the  pressure  expected.  The 
pressure  is  diminished  by  5  mm.  Hg  at  a  time,  records  of  the  oscilla- 
tions being  taken  on  the  drum.  The  manometer  reading  at  the 
point  at  which  the  osdllations  are  at  the  maximum  corresponds  to 
the  niininmm  blood-pressure.  ^| 

In  using  the  sphygmometer  of  Hill  and  Barnard  (Fig.  ^^)^  the  bag^H 
is  inflated  with  air  till  the  pulsatiim  indicated  by  the  index  of  the 
pressure  gauge  reaches  a  maxinuun.     The  mean  pressure  shown  by 


Fig.  33. — SpiivGMOMETER  OF  Hill  and  Barnakd. 

It  coosists  of  .1  broad  armlpt.  A,  which  is  strapped  round  th^ 
upper  arm.  On  the  in»do  of  the  armlet  i^i  a  thin  rubber  bag 
containing  air.  and  nonnected  by  a  ■J"-tubr,  B.  with  a  pressurp 
gauge.  C,  and  a  small  compressing  air-pump,  I>,futedvt*ith  a  valve. 
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the  ^nge  at  this  point  is  approximately  equ.U  in  the  miniinuni 
artenal  pressure. 

With  this  lostrumcnt  it  has  been  found  that  in  the  brachial  artery 
the  normal  arterial  pressure  in  most  healthy  young  men  is  i  lo  to 
130  mm.  of  mercury  in  the  sitting  posture.  When  the  person  is 
resting  in  the  recumbent  posture,  the  pressure  may  be  as  low  as 
15  mm.  of  mercur>'.  Hard  work  and  nervous  strain  may  raise 
the  pressure  to  140  or  145  mm.  of  mercury.  In  the  anterior  tibial 
^Artery  of  a,  boy  whose  leg  was  to  be  amputated,  the  blood-pressure. 
measured  by  means  of  a  manometer  connected  directly  with  the 
artery,  was  found  to  vary  from  100  to  160  mm.,  according  to  the 
ilion  of  the  body  and  other  circumstances.  In  a  woman  sixty 
uld.  in  gcHHl  health,  the  following  readings  were  obtained  witn 
•phygmomanomctur  : 

June  2$  •  -  -136-130  mm.  oi  mercury. 

,.     29  •  -     126—136 

Aug.     3  -  -         -     132—144 

-.       7  -  -     134—140 

^     X»  -  -     »36-i44  ..  (Zadbk.) 

Such  measurements  on  man  show  that  the  mean  blood- pressure 
under  similar  conditions  in  one  and  the  same  artery,  and  in  one 
the  same  individual,  may  vary  for  a  considerable  time  only 
'lUim  ix)m|5aratively  narrow  limits. 

is  relative  constancy  of  the  general  arterial  pressure  is  the 
It  of  a  delicate  adjustment  between  the  work  of  the  heart, 
resistance  of  the  vessels,  and  the  volume  of  the  circulating 
liquid.  The  quantity  of  the  blood  is  tolerably  steady  in  health, 
and  considerable  changes  may  l>e  artificially  produced  in  it 
<P-  '55)  without  affecting  the  pressure  in  any  great  degree.  On 
the  other  hand,  the  work  of  the  heart  and  the  peripheral  resist- 
ance arc  highly  variable  and  vastly  influential.  A  narrowing 
o(  the  arterioles  throughout  the  body  or  in  some  extensive 
vascular  tract  increases  the  |^)eripheral  resistance  ;  and  if  the 
heart  continues  lo  heat  as  before,  the  pressure  must  rise.  If  the 
arterioles  are  widened,  while  the  heart's  action  remains  un- 
changed, the  pressure  must  fall.  In  like  manner  an  increase 
or  a  decrease  in  the  activity  of  the  lieart,  in  the  absence  of  any 
•change  in  the  peripheral  resistance,  will  cause  a  rise  or  a  fall 
in  the  blootl-pressure.  But  if  a  slowing  of  the  heart  is  accom- 
pcuitc<l  hy  an  mcrcase  in  the  peripheral  resistance,  or  a  dilatation 
|«>f  the  arterioles  by  an  increase  in  the  activity  of  the  heart,  the 
one  change  may  be  partially  or  completely  balanced  by  the  other, 
au>d  llic  pressure  may  vary  witliin  narrow  limits  or  not  at  all. 

Not  only  is  the  mean  pressure,  as  measured  in  a  large  artery, 

tolerably  constant,  but  if  recorded  simultaneously  in  two  arteries 

iBt  different  tlistances  from  the  heart,  it  is  seen  to  decrease  very 

[^itdually  so  long  as  the  arteries  remain  large  enough  to  hold  a 

IcannuJa.     It  is  nearly  as  high,  (or  instance,  in  the  crural  artery 

ti  a  dog  a>:  in  tin-  r.irolid.     It  is  easy  lo  see  that  this  must  be 
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SO,  for  the  resistance  of  the  arteries  between  the  point  w 
the  arterioles  are  given  off  and  the  heart  is  only  a  small  fraction 
of  the  total  resistance  of  the  vascular  path  ;  and  we  hav^e  said 
(p-  ^>5)  that  the  lateral  pressure  at  any  cross-section  of  a  system 
of  tubes  through  which  liquid  is  flowing  is  proportional  to  the 
resistance  still   to  he  overcome.     This  is  also  the  reason  why 
the  pressure  is  always  much  lower  in  the  pulmonary  artery  and  M 
right  ventricle  than  in  the  aorta  and  left  ventricle  (only  one-  ■ 
third  to  one-sixth  as  great),  for  the  total  resistance  of  the  vas- 
cular j>ath   through   the  lungs  is  much  less  than   that  of  the 
systemic  circuit.     In  dogs  with  natural  respiration  the  pressure 
in  the  pulmonary  artery  was  found  to  vary  between  14  and  ■ 
26  mm.  of  mercury,  averaging  about  20  mm.  f 

The  Velocity-pulse. — We  have  seen  that  the  bU>od  is  |>ro- 
pelled  tfirough  the  arteries  in  a  series  of  waves  that  travel  from 
the  heart  towards  the  periphery.  The  particles  m  the  front  of 
the  pulse-wave  are  constantly  changing,  but  since  every  section 
of  the  arterial  tree  is  successively  distended,  every  section  con- 
tains more  blood  while  the  pulse-wave  is  passing  over  it  than 
it  contained  immediately  before.  And  since  there  is  always  a 
fairly  free  passage  for  this  blood  towards  the  ]jerii>hcry,  there 
is  a  bodily  transfer  on  the  whole  of  a  certain  quantity  with 
every  wave. 

The  translation  of  the  blcKxl,  instead  of  being  entirely  inter- 
mittent, as  it  would  be  in  a  rigid  tube  or  m  an  elastic  system 
with  a  slow  action  of  the  central  pump,  is  to  some  extent  con- 
stantly going  on  ;  for  a  ]>ortion  of  a  Itlood-wave  is  always  passing 
through  every  section  of  the  arterial  channel.  Thus,  we  arrive 
at  the  same  distinction  as  to  the  onward  movement  of  the  blood 
itself  as  we  jHeviously  reached  in  regard  to  the  blood- pressure, 
the  distinction  l>etween  the  constant  or  ]>ermanent  factor  of 
the  velocity  and  the  jieriodic  factor,  which  we  may  call  the 
velocity-pulse. 


The  Velocity  of  the  Blood.  —By  the  velocity  ur  rate  nf  flow  of  a  river 
we  should  mean,  if  the  flow  were  unifonn  throughuut  the  whole 
cross-section,  the  rate  of  movement  of  any  given  j-iortiou  or  particle 
of  the  water.  If  we  could  identify  a  portion  of  the  water,  we  could 
determine  the  velocity  by  measuring  the  distance  travelled  over  by 
that  portion  in  a  given  time.  If  the  velocity  was  uniform  over  the 
channel,  we  could  predict  the  actual  time  which  would  be  reqtiircd 
to  traverse  any  fractional  part  of  the  measured  distance.  If,  how- 
ever, the  velocity  of  tlic  current  changed  from  \Hi\nX  to  point,  then 
we  could  only  deduce  from  our  observation  the  mean  rate  of  the  river 
for  the  measured  distance.  To  determine  the  actual  rate  for  any 
given  portion  of  this  distance  over  which  the  r.ate  was  imiform,  we 
shoidd  have  to  make  a  separate  observation  for  this  |x»rtion  alone. 

But  as  soon  as  we  pass  from  an  ideal  frictionless  river  to  an  actual 
stream,  in  which  the  water  at  the  bottom  and  near  the  banks  flows 
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more  slowly  than  that  in  the  middle  and  on  the  surface,  wc  arcjn 
^♦vrry  case  restricted  to  the  notion  of  mean  velocity.  We  may 
hstiuguish  between  the  velocity'  of  ditterent  parts  of  the  current, 
itwecn  that  of  llic  mid-strciim  and  the  side  current,  the  bottom  and 
tllic  surface  layers  ;  but  wlien  we  consider  the  nver  as  a  whole,  wc 
ce  cognizance  only  of  the  mean  or  a\'crago  velocity.  And  at  any 
[Croft»*«ection  this  may  be  defined  as  the  volume  of  water  passing  j>cr 
lour,  or  whatever  the  unit  of  time  may  be,  divided  by  the  cross- 
ettion  of  the  current.  It  is  eWdcnt  that  this  does  not  enable  us  to 
Ictcrmine  the  actual  velocity*  of  any  given  particle  of  tlie  water  at  any 
i\-cn  moment  within  a  measured  interval  ;  nor  docs  it  tell  us  whether 
not  the  average  velocity  of  the  current  hiis  itself  undergone 
kriations  within  the  period  of  observation. 

We  have  dwelt  uj^wn  this  jx>int  because  the  measurement  of 
the  velocity  of  the  bhMxl,  to  which  wc  must  m)w  turn,  involves 
he  siinif  considerations.  Within  the  smulier  arteries,  as  the 
iicroscoj^e  shows  us,  and  as  wc  should  in  any  case  cx|jcct  from 
lut  wc  know  of  fluid  motion,  tiie  blood-current,  apart  from 
ic  jjcriodical  variations  in  its  velocity,  due  to  the  action  of  the 
ic-art,  varies  in  speed  from  point  to  point  of  the  same  cross- 
m.  The  layer  next  the  periphery  of  the  vessel,  Uie  so- 
|>enpheral  ]>lasma-layer  or  Poiseuille's  space,  moves  more 
iy  than  the  ccntnil  iK)rlion,  the  axial  stream.  In  fact,  we 
lOst  suppose  tliat  in  the  large  as  well  as  in  the  small  vessels 
IC  layer  just  in  contact  witli  the  vessel-wall  is  at  rest,  while  the 
ttratum  internal  to  this  slides  on  it  and  has  its  velocity  diminished 
ty  the  friction.  The  next  layer  again  slides  on  the  last,  but 
(incc  tins  is  already  in  motion,  its  velocity  is  not  so  much 
Immushed,  and  so  on.  The  velocity  must  therefore  increase 
we  p.i»s  towards  the  axis  of  the  bloodvessel,  and  reach  its 
laximuiu  there  (p.  157). 

Again,  the  velocity  must  be  altered  wherever  an  alten^Ipn 
in  the  width  of  the  btnl,  that  is,  in  the  total  oross-sectipn 
tf  the  vascular  system  :  for  suice  as  much  bhxKl  comes  back 
a  given  time  to  the  right  side  of  the  lieart  as  leaves  the  left 
idc.  the  same  quantity  must  piiss  in  a  given  time  tln"ough  every 
ross-scction  of  the  circulation.  Wherever  the  total  section  of 
vascular  tree  increases,  the  blood-current  must  slacken  ; 
rherever  it  diminishes,  the  current  must  become  more  rapid. 
<ow,  the  total  section  increases  as  we  pass  from  the  lieart  along 
le  brancliin^  ariories,  and  reaches  its  maximum  in  the  capillary 
It  gradually  diminishes  again  along  the  veins,  but 
l>econies  so  small  as  ui  the  arterial  tract.  We  must, 
dorc,  expect  the  mean  velocity  to  be  gro;itest  in  the  large 
tcrics.  less  in  the  veins,  and  least  in  the  arterioles,  capillaries 
id  wnules. 

.\lthoagh  in  strict  ur«»,s  we  arc  only  at  present  concerned  with  the 
'terioa,  it  wdl  be  well  to  consider  here  wliat  a  cluinge  »f  velocity  at 
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any  part  of  the  vascular  channel  really  implies.  To  say  that  when 
the  channel  wdens  the  velocity  diminishes,  is  not  to  explain  the 
meaning  of  this  diminution.  A  diminution  of  velocity  implies  a 
diminution  of  kinetic  energy,  and  it  is  necessary  to  know  wliat 
becomes  of  the  energy  that  disappears.  The  stock  of  energv  im- 
parted by  the  contraction  of  the  heart  to  a  given  mass  of  blood 
constantly  diminishes  as  it  passes  round  from  the  aorta  to  the  right 
side  of  the  heart,  for  friction  is  constantly  being  overcome  and  heat 
generated.  This  energy,  as  we  have  seen,  exists  in  a  moving  hquid 
in  two  forms,  potential  and  kinetic,  the  former  being  measured  by  the 
lateral  pressure,  the  latter  v.arying  directly  as  the  square  oi  the 
velocity.  Whenever  the  velocity,  and  therefore  the  kinetic  energy, 
of  a  given  mass  of  the  blood  is  diminished  without  a  corresponding 
increase  in  the  (M)tentiiil  energy,  some  of  the  total  stock  of  energy 
must  liavc  been  used  up  to  overcome  resistance  (p.  65). 

In  a  uniform,  rigid,  horizontal  tube,  as  has  been  already  remarked, 
the  velocity  (and  consequently  the  kinetic  energy)  is  the  same  at 
every  cross-section  of  the  tube,  while  the  potential  energy,  repre- 
sented by  the  lateral  pressure,  diminishes  regularly  along  the  tube. 
When  the  calibre  of  the  tube  varies,  it  is  different.  Suppose,  for 
instance,  tliat  the  lit^uid  passes  from  a  narrower  to  a  wider  part,  the 
velocity  must  dimimsh  in  the  latter.  The  kinetic  energy  of  visible 
motion  which  Iws  disappeared  must  have  left  somctliing  in  its  room. 
Here  there  arc  tliree  possibilities:  (i)  The  kinetic  energy  that  has 
disiijuxrared  may  be  just  enough  to  overcome  the  extra  friction 
in  the  wider  part  of  the  tube  due  to  eddies  and  consequent  cliange  of 
direction  of  the  hnes  of  flow  ;  in  this  case  the  potential  energy  of  a 
given  mass  of  the  hquid  will  be  the  same  at  the  beginning  of  the 
wider  part  as  in  the  narrower  part.  The  lost  kinetic  energy  will 
have  been  transformed  into  heat,  (j)  The  kinetic  energy  which  has 
disap]>cared  may  be  greater  than  is  enough  to  overcome  the  extra 
resistance  ;  a  portion  of  it  must,  therefore,  have  gone  to  increase  the 
potential  energy,  and  the  lateral  pressure  will  be  greater  in  the  wide 
than  in  the  narrow  part.  (3)  The  lost  kmclic  energy  may  be  less 
than  enough  to  overcome  the  extra  resistance  ;  in  tliis  case  both  the 
lateral  pressure  and  the  velocity  will  be  less  in  the  wide  tlian  in  the 
narrow  part.  It  has  been  experimentally  shown  that  when  a  narrow 
portion  of  a  tube  is  succeeded  by  a  considerably  wider  [wrtinn,  and 
tliis  again  by  a  narrow  part,  case  (2)  holds  ;  and  the  liquid  may. 
under  these  conditions,  actually  flow  from  a  place  of  lower  to  a  place 
of  higher  lateral  pressure. 

In  the  vascular  system  the  conditions  are  not  the  same.  The' 
widening  of  the  bed  which  takt»s  i>iace  as  we  proceed  in  the 
direction  of  the  arterial  current  is  not  due  to  the  widening  of  a 
single  trunk,  but  to  the  liranching  of  the  channel  into  smaller 
and  smaJler  tubes.  In  the  larger  arteries  the  increase  of  resist- 
ance is  so  gradual  that  both  the  [lotential  and  the  kinetic  energy 
diminish  only  slowly,  and  the  lateral  pressure  and  velocity  are 
not  much  less  in  the  femoral  aitury  than  m  tlie  aorta  or  carotid. 
But  in  the  capillary  region  the  fnclion  increases  so  greatly  that 
although  the  velocity,  and  tlierefore  the  kinetic  energy,  is  much 
less  than  in  the  arteries,  the  amount  of  kinetic  energy  lost  is  not 
ujKin   the  whole  t*quivalcnt    Lo   the   energy  consumed  in  over- 
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coming  the  extra  resistance ;  the  potential  energy  of  the  blood 
i"^  als*j  drawn  upon,  and  the  lateral  pressure  falls  sharply  in  the 
rapillary  region,  as  well  as  the  velocity.  Where  the  capillaries 
c){)en  into  the  veins,  the  lateral  pressure  again  sinks  abruptly, 
while  Ihe  velocity  lx*gins  to  Increase,  till  in  the  largest  veins  it 
\-i.  probably  alx)ut  half  as  great  as  in  the  aorta. 

Where  does  the  extra  kinetic  energy  ^f  the  blood  in  the  veins 

come  from  ?     To  say  that  the  vascular  channel  again  contracts 

as  the  blood  passes  from  the  capillaries  into  the  veins,  and  that. 

since  the  same  quantity  must  flow  through  every  cross-section 

ol  the  channel,  the  velocity  must  necessarily  he  greater  in  the 

narrower  than  in  the  wider  part,  does  not  answer  the  question. 

Tht^  greater  portion  of  the  kinetic  energy  of  the  arterial  hino  1 

KhIs,  as  we  have  seen,  destroyed,  or.  rather,  changed  into  an  un- 

^1  available  form,  into  heat,  in  the  capillary  region.    The  mean 

I       velocity  of  the  blood  in  the  capillaries  is  not  more  than  jj^y  to 

!.,  of  the  velocity  in  the  aorta  ;  the  kinetic  energy  of  a  given 

11-  of  blood  in  the  capillaries  cannot  therefore  bie  more  than 

^     .►**•  or  4uirt«  ^^  i's  kinetic  energy  in  the  aorta.     In  the  veins. 

i.tKing  the  velocity  at  half  the  arterial  velocity,  the  kinetic  energy 

f  the  mass  would  he  one-fourth  of  that  in  the  aorta,  or  at  least 

o.ooo   times  as  great  as   in   the  capillary  region.     This  extra 

inetic  energy  comes  partly  from  the  transformation  of  some 

f  ihe  {)otential  energy  of  the  blood.     The  resistance  in   the 

eins  is  very  small  comj^red  with  that  in  the  capillaries ;  less 

f  the  ]>otential  energy  represente<l  by  the  lateral  pressure  at 

c  end  of  the  capillary  tract  is  required  to  overcome  this  re- 

istance.  and  some  of  it  is  converted  into  the  kinetic  energy  of 

siblr  motion,   the  lateral   pressure  at   the  same   time   falling 

mewhat  abruptly.     Contributory  sources  of  kinetic  energy  in 

he  VL'ins  are  the  aspiration  caused  by  the  respiratory  move- 

cnts  and  the  pressure  caused  by  muscular  contraction  in  general, 

hich,  thanks  to  the  valves,  always  aids  the  flow  towards  the 

•art.     From  these  two  stnirces  new  energy  is  supplied,  to  rein- 

rcc  the  remnant  due  to  the  cardiac  systole  (p.  107). 

McASurement  of  the  Velocity  of  the  Blood.^i.   Direct  Ohsari'atton. 

{J)  This  method  can  be  applied  to  Iraiispareat  parts  by  observing 

iL-  rate  of  flow  of  the  corpuscles  under  the  microscope.     But  it  is 

ly  where  the  blood  iiio\es  slowly,  as  in  tlie  capillaries,  that  the 

lolhtxl  is  of  use.     (6)  Part  of  the  i>ath  of  tlie  blood  throuRh  a  large 

pcsael  may  be  artificiaily  rendered  transparent  by  the  introduction 

a  gL\»s  tube,  of  approximately  the  same  bore  a^  the  vessel  (Volk- 

laan).     The  tube  is  tilled  with  salt  solution,  and  the  blood  admitted 

lans  of  a  stojvcock  at  the  moment  of  observation.     The  time 

the  blood  takes  to  pass  from  one  end  of  the  tube  to  the  other 

ted.  and  the  length  divided  by  the  time  gives  the  velocity  of  the 

[blood  in  the  tube.     If  the  caUbre  of  the  tube  is  the  same  as  that  of  the 

irtcry,  Uiis  i&  also  the  velocity  in  the  vesecl  ;  but  if  the  caUbre  is 
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2.  Lutiwif^''i   Siromnhr. 


different,  a  correction  would  have  to  be  made.  The  method  is  not  a 
Rood  one.  for  the  reason,  among  others,  that  the  long  tube  introduces 
;in  c.xUfi  resistance. 

Phis  instrument  measures  the  *iuantily 
of  blood  which  passes  iu  u  given  time 
throitgli  the  vessel  at  the  cross-section 
where  it  is  inserted.  It  consists  of  a 
U-shaped  tubc.w-iththcHmbs  widened 
into  bulbs,  but  narrow  at  the  free  cnds» 
which  arc  connected  with  a  metal  disc, 
Hy  rotating  the  instrument,  these 
ends  can  be  placed  alternately  in 
communication  with  a  cannula  in  the 
central,  and  another  in  the  i^ripheral 
portion  of  a  divided  artery  ;  or  they 
can  be  placed  so  that  none  of  the 
t>lood  passes  through  the  bulbs,  but 
all  goes  by  a  short-cut.  One  limb  of 
the  instrument  is  filled  with  oil.  and 
the  other  with  defibrinated  blood. 
The  limb  containing  the  oil  is  first 
put  into  communication  with  the 
central  end.  and  that  containing  the 
blood  with  llic  ]>eripheral  end  of  the 
i'.rtery.  The  blood  from  the  artery 
rushes  in  ami  displaces  the  oil  into 
the  other  limb,  the  defibrinatcd  blood 
passing  on  into  the  circulation.  .\s 
soon  as  t  he  blood  has  reached  a 
certain  height,  indicated  bv  a  mark, 
the  instrument  is  reversecC.  and  the 
oil  is  again  displaced  into  the  limb  it 
originally  occupied.  This  process  is 
repeated  again  and  again,  the  time^ 
from  beginning  to  end  of  an  experi- ■ 
ment  being  carefully  noted.  The 
number  of  limes  the  blood  has  filled 
a  bulb  in  that  period,  the  capacity  of 
the  bulb  and  the  cross-section  of  the 
vessel  being  known,  all  the  data  ■ 
required  for  calculiiting  the  velocity  ■ 
of  the  blood  in  the  vessel  have  been  ■ 
obtained. 

Suppose,  lor  example,  that  the 
capacity  of  the  bulb  up  to  the  mark 
is  5  c.c,  and  that  it  is  filled  t^velve 
times  in  a  minute,  the  quantity 
flowing  through  the  cross-section  of 
the  arterv'  is  i  c.c,  or  1,000  cub.  mm. 
per  second.  Let  the  diameter  of  the 
vc^sselbe  3  mm.,  then  its  sectional  area 

is  »>*(j)  —  =7*o6  sq.  mm.     The  velocity  is     ._/l==M*  vaia, 

per  second. 

Various  improvements  in  this  method  have  been  made,  such  as  a 
graphic  registration  of  the  reversals  of  the  stromuhr. 


Fig.  34. — Stromuhr  of  Lvdwic. 
AND  Dor.iEL. 
A,  B,  ^Xasi  liuths  ;  a,  a  metal 
disc,  to  which  A  und  G  are  at- 
tached, iuid  which  can  be  rotated 
00  the  di4c  b :  H,  F.  cannuLi! 
attached  Ic  6,  and  ronncrted  wilh 
lb<^  peripheral  and  crntr  1  end . 
of  a  divided  blcxKlvesBcI.  At  the 
N^ginninK  of  th*^  cxprrinient.  A 
and  the  junction  between  A  and  B 
are  filled  with  oil  ;  B  is  tilled  with 
ph;stologi<ral  s-lt  solution  or  de- 
fibriuated  blood  -  a  b<.MUK  turned 
into  the  pQSitiun  sh  wn  tn  the 
figure,  the  blood  passes  through  F 
and  D  into  A,  and  the  oil  js  forced 
into  B.  PiS.  soon  as  ibe  blood  has 
re-ichp  1  the  mark  m.  the  dlic  a, 
wilh  the  bulbs,  is  rapidly  rotated. 
so  that  C  is  now  opposite  F.  The 
Mood  now  passes  into  B.  and  the 
oil  is  aftaiu  driven  into  A.  When 
the  oil  has  re.iched  D.  reversal  is 
again  made,  and  so  on. 
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3.  A  tube  or  box.  in  which  swings  a  small  pendulum,  is  inserted 
the  course  of  the  vessel.     The  pi'iuhilum  is  deflected  by  the  blood, 

ind  the  Amount  of  ttic  dencctiuii 
ilKMrs  A  rcUtu»n  to  the  velocity 
»f  the  stream  (V'ierordt's  htrma- 
tachometer ;  Chauveau  and 
:trtet's  much  more  jwrfect 
homograph)  (Fig.  36). 

4.  Pttot's     Tubes.  —  If     two 
rcrtical  tubes,   a  and  h,  of   the 

jliirm  <ihown  in  Fig.  35,  be  inserted 

[into  a  horizontal  tube  in   which 

iijuid  Is  flowing  in  the  direction 

»f   the   arrow,   the  level  will   be 

itl^hcr  in   a  than  would  be   the 

uwe    in    an   ordinary    side-tube 

(without  an  elbow  ;  in  h  it  will  t>c  lower.     For  the  moving  liquid  will 

lexcrt  a  push  on  the  column  m  a,  and  a  pull  on  that  in  /).     The 

^■mount  of  tlii*  push  and  pull  will  vary  with  the  velocity,  so  that  a 

fchainge  in  the  latter  will  correspond 

^ir^n  alteration  in  the  difference  of 

"^ '  "  in  the  two  tubes.    Instrument-- 

ioa    thi»    principle  luivc  been   cou- 

l»tructed  by  Marey  and  Cybulski.  the 

[former  registering  the  movements 

of   the   two  columns   of    blood   by 

t  'If;   the   tubes  to  tambours 

with   writing   levers,   the 

l.»u«-i  by  photography  (Fig-  30). 

5.  Tht  eUctrical  meMnrf.  dcscrilx'd 

on  p.  \tyti,  for  the  measurement  of 

the   circulation   time,   can   also    be 

applied  to  the  estimation  of  the 
^mcan  velocity  of  the  blood  between 
'two  cross -sectmas  of  the  artenal 
ipath  which  are  separated  by  a 
^But&cicnt  distance.  For  example. 
jttalt  dilution  can  t>e  injected  into 
[the  left  ventricle  or  the  beginmng 

\i  the  aorta,  and  the  interval  which 
takes  to  reach  a  pair  of  electrodes 
in  contact  with.  say.  the  femoral 
artrr>'  determined.  Knowing  the 
distance  between  the  point  of  injcc- 
jtion  and  the  electrodes,  we  can  then 
fcakulato  the  mean  velocity. 

Of  these  methods,  3  and  4  are 
lone  suited  for  the  study  of  the 
^elocity-pulse,  that  is,  the  change 
if  velocity  occurring  with  every 
\t  of  the  heart.  The  curves 
led  by  Chauveau**;  dromo- 
^gmph  show  a  general  agreement 
Mrxxl- pressure  tracmgs  taken 


.HAUVKAU  S 
GIIAPtf. 


DkOHO' 


A.  tube  connected  with^blood- 
veu*>l  :  B,  metal  cylindrr  in  rrrni- 
rnuiur.-itioa  with  A.  The  upper  end 
of  B  has  a  hule  in  Ihf"  centre,  which  is 
rovered  by  a  nicnibr.ine,  m.  through 
which  a  lover,  C,  passes  ;  C  has  a 
stiiall  disc  f*.  at  its  end.  whirh  pro- 
jects into  the  lumeQ  of  A,  and  is  de- 
flected in  the  direction  of  the  blood* 
stream  throuxh  A-  The  deflection  is 
registered  by  a  recordinj;  lanabour  in 
communicatioD  by  the  tube  E  with  a 
tumbour  L),  the  flexible  membrana 
of  which  is  connected  with  the  lever 
or  pcnduliuii  C. 
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by  a  spring  manometer,  and  with  records  of  the  externa]  pulse 
obtained  by  a  sphyj^inn^rajiii.  There  is  a  primary  increase  of 
velocity   corresponding   witli    tho    vt-ntricular    systole,    and    a 


1 

o  ''    ,..           ^"— -^ 

Sp/jyc^jnocfj  ^ani 

Fig. 


Fiu. 


J, .  J lu.  38. 

Fig.  3r. — The  highest  of  ibe  three  curves  is  a  plethysinngraphic  record  taken 
frofn  I  he  band  :  the  sccoud  curve  is  a  sphygmograni  takcu  simultaneously  from 
the  corresponditiK  r.idiaJ  artery  ;  the  lowest  (interrupted)  curve  is  the  curve  of 
velocity  deduced  from  a  comparison  of  the  first  two  (Kick). 

Fiu.  38. — Simultaneous  plcthysmographic  and  sphygmographio  tracings. 

secondary  increase  coiTesponding  with  the  dicrotic  wave  (Fig.  40). 

Like  all  the  other  pulsatory  phenomena,  the  velocity-pulse  disap- 
pears in  the  capillaries, 
and  is  only  present 
under  exceptional  cir- 
rums  tances  in  the  veins. 
Fick,  from  a  com- 
\  tar ison  o f  sph ygmo- 
l^rapjhic  and  plcthys- 
mographic tracings 
(p.  103),  taken  simul- 
taneously from  the 
radial  artery  and  the 
hand,  has  demon- 
strated that  in  man 
\\\o  velocity-pulse  ex- 
hiliits  tlie  same  general 
characters  as  in 
animals  (Figs.  37  and 
38).  And  V.  Kries  has 
confirmed  Fick's  con- 
clusions by  actual  re- 
cords of  the  velocity- 
pulse  obtained  by 
means  of  an  arrange- 
ment called  a  gas 
tachograph  (Fig.  41). 


Fig.    3'). — Cvftur-sKi's    AKRANoEMtxt    for    Re- 

CORCINC    VaRIATICs-S    IK    THE    VELOCITY    OP 

THB  Blood. 
A,  tube  connected  with  central,  B  \^-ith  peri- 
pheral end  of  divided  bloodvessel.  The  blood 
stands  higher  in  the  tube  C  than  in  P.  A  beam  of 
light  passing  through  the  meniscus  in  both  tubes  is 
focussed  by  the  lens  L  on  the  travpLling  photo- 
graphic plate  E.  The  velocity  at  any  moment  if 
deduced  from  tho  height  ol  the  meoiscus  in  the  two 
tubes  C  and  D. 
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This  consists  of  a  plethysmograph  connected  with  the  tube  ol  a 
jjas-bitrncr.  Wlien  the  part  enclosed  in  the  plethysmo^aph  cx- 
p(inds.^air  issues  fron^  the  connecting  tube,  and  causes  an  increase 
m  the  height  of  the  flame.  When  the  part  shrinks  during  diastole, 
air  is  drawn  in  from  the  flame,  which  is  depressed.     Since  the  sjMjed 


llG.     411. — itlMVI-TAVHn   ..       lnA<|V(.-S     OT     TMIt      V'm.ih.ITV     (UpPER     CVKVL)     AND 
I'RCSSl'RE    (LOWCR    CuRVEj    (LoKTJT). 

T\\-  taken  from  the  cAnHid  artery  ol  ti  horse.     The  curve  o! 

VK-lo  i  by  thr  dromojjraph.     The  dicrotic  wave  is  marked  on  it. 

The  %ini.itMt  ...i^.-.i  •rrdtiuit<*4  drawn  thruugh  the  curve*  indicate  corrr^ponding 

of  the  blooil  in  the  veins  may  be  considered  constant  during  Ihc  time 
oi  an  experiment,  the  rale  at  which  the  volume  of  the  part  alters  at 
any  moment  is  a  measure  of  the  puls^Mory  chin^c  of  velocity  in  the 
arlcncs  of  the  pai^.  And  by  photographing  the  movements  of  the 
ilamu  on  a  travelling  sensitive  surface,  the  velocity -pulse  is  directly 
(fdcd. 


41-— PiioTOGHAPiiic    KnroKn  or   riiE   Velocii v-pulsk  obtained   iiv  tml 
Gas  Tachograph  (v.  Kries). 

Tbc  upper  curve  b  the  photographic  representation  of  the  movements  of  the 
Rad  corretponds  to  the  curve  of  velocity. 

The  mean  velocity,  like  the  mean  hlood-pressure,  is  more 
'ai'iable  in  the  large  arteries  near  the  heart  than  in  the  smaller 
ind  more  distant  arteries.  Dogiel  found  in  measurements  taken 
I'ilh  the  stTomtihr  (a  good  instrument  for  the  estimation  of  mean 
speed).  withtJi  a  iwiiotl  of  two  minutes,  velocities  ranging  from 
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over  200  mm,  to  under  loo  mm.  per  second  in  the  carotid  of  the' 

rabbit,  and  from  over  500  mm.  to  less  than  250  mm.  in  the 
carotid  of  the  dog.     Chauveau,  with  the  dioniograph,  found  the 
velocity  in  the  carotid  of  a  horse  to  be  520  mm.  per  second  during 
systole,  150  mm.  during  diastole,  220  mm,  during  the  period  of  .m 
the  dicrotic  wave,  f 

It  is  f)robable,  however,  that  if  tliese  numbeis  are  at  all  accu- 
rate for  bloodvessels  in  the  immediate  neighbourhood  of  the 
heart,  there  must  be  a  rapid  diminution  in  the  velocity  even  .■ 
while  the  arteries  are  still  of  considerable  calibre.  For  it  has  ™ 
been  found  by  the  electrical  method  that,  in  an;ESthetized  dogs 
at  any  rate,  as  is  shown  in  the  following  table,  the  mean  velocity 
between  the  origin  of  the  aorta  and  the  crural  artery  in  the 
middle  of  the  thigh  is  usually  less  than  loo  mm.  per  second. 


No,  of  I  nixlv- 
Knperi-  wciuM 
rncDI.     in  Kitrs. 


I. 
II. 

HI. 
IV. 

V. 


34-55 

17*5 

14-99 

IO*J2 

7*165 


UUuincc  between 

Point  oflnjeclioti 

ami  K(rctr<xlrv 

in  Millinivircs. 


Av«ra(ieTiine  be-  A^empe          Avf-rajc 

Itreirn  Injei;tit>n  Avem^tc       '    Vdotity         IH'tat'CC 

aitd  Amv.il  nf  the  Pulsc-mic      'perSrctitxI.  tr,tver-M:J  pef 

Salt  Solution,  tn  per  Minute.        Jn  Milli-     Hf-nri-Lieal.  ii 

Seconds  Bietrcs^       Millimclro. 


i 


42c 

495 
400 
470 
330 


4*62 

57 
5-0 

7-12 

r^3 


105 
69 

102 

90"9    ' 

86*8 

80 

74-5 
(weak  brat) 

72-9 
42-1 

51-9 

7S'4 
47'o 
58*7 
54"  S 


In    I.    the   injecting   cannula  w.-.s   in   the  ilcsccmiing  part  of  the 
thoracic  aorta,  in  V.  at  the  very  origin  oi  the  aorta,  and  m  II.,  Ill,, 


and  IV.  in  the  left  ventricle. 


As  to  the  speed  of  the  bloixl  in  llie  arteries  of  man,  our  data 
:e  insufficient  for  more  than  a  loose  estimate.     But  it  does  not 

;m  likely  that  the  mean  velocity  of  a  particle  of  blood  in 
tnoving  from  the  heart  to  the  femoral  artery  can  exceed  150  mm. 
per  second  for  the  whole  of  its  path.  This  would  correspond  to 
rather  more  than  a  third  of  a  mile  per  hour.  In  the  arch  oi  the 
aorta  the  average  speed  may  be  twice  as  great.  '  The  rivers  of 
the  blood  '  arc,  even  at  their  fastest,  no  more  rapid  than  a 
sluggish  stream.  A  red  corpuscle,  even  if  it  continued  to  move 
with  the  velocity  with  which  it  set  out  through  the  aorta,  would 
only  cover  about  15  miles  in  twenty-four  hours,  and  would 
require  five  years  to  go  round  the  world. 

The  Volume-pulse. — When  the  pulse-wave  reaches  a  part  it 
distends  its  arteries,  increases  its  volume,  and  gives  rise  to  what  _ 
may  be  called  the  volume-pulse.  ■ 

This  may  tse  rcitlily  recorded  by  means  of  a.  pletliysmograph,  an 
instrument  cunsisting  essentially  oi  a  chamber  with  rigid  walls  which 
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cncloao  the  organ,  the  iatervening  space  being  filled  up  witli  liquid 
(Fig,  42).  The  movements  of  the  liquid  arc  transmitted  cither 
through  a  tube  hllod  with  air  to  a  recording  tambour,  or  directly  to 
A  piston  or  float  acting  ui>on  a  writing  lever.  SjKcial  names  have 
been  given  to  plcthysmographs  adapted  to  j>articular  organs  ;  for 
cxAmplc,  Kny's  oncometer  for  tho  kidnry.  The  method  has  been 
successfully  applied  to  the  investigation  of  circulatory  changes  in 
man,  a  finger,  a  liand  or  an  entire  limb  being  enclosed  in  the  plethys- 
mograph  With  a  fairly  sensitive  arrangement,  every  beat  of  the 
heaul  us  represented  on  the  tracing  by  a  primary  elevation  and  a 
dicrotic  wave. 

Tho  general  ap|>caranre  of  the  curve  h  very  similar  to  that  ol 
an  ordinary  pubc-tracing,  though  there  are  some  differences  of 
detail*  csj>ecially  in  the  time  relations.  A  volume-pulse  has 
l>een  actually  observed  not  only  in  limbs  and  portions  of  limbs, 
but  also  (in  animals)  in  the  spleen,  kidney  and  brain,  and  other 


Kht.    42.^l^Lt  f  MVSMnr.liCAPlI    fOH     ArM. 

P.  float  attached  by  A  to  a  lever  which  records  v  iri  ttions  of  lirvcl  (*f  the  water  t  t 
B>  and  therefore  van  itoas  in  the  vnlunic  of  the  ann  in  the  glass  vessel  C.  Or  IIh.* 
ptotbTfUMf^ph  mav  be  (-miiirt'tml  lu  d  rcc«jr(hng  tanibfMir.  The  tubuJurr  at  tbe 
t«rt  of  C  Is  clii«cd  when  the  iradiig  is  bciuif  lakcji. 


organs,  and  in  the  orbit.  In  the  soft  tissues  of  the  mouth  and 
pharynx,  too.  a  volume-p\dse  (the  so-called  cardio-pneumatie 
movement)  can  be  detected  by  chanjies  in  the  pressuie  of  the 
air  in  the  rc«ipiratory  passages,  which  may  even  reveal  them- 
selves by  a  variation  with  each  In-at  of  the  heart  in  the  intensity 
of  a  note  prolonged  in  singing,  esj>ecially  after  fatigue  has  set 
in  (Practical  Exercises,  p.  17a). 

Doubtless  the  weight  of  an  organ  would  also  show  a  pulse  corre- 
*p<ini]m-  !..  the  beat  of  the  heart,  if  it  couhl  be  isolated  from  the 
fcut  tissues    (except    for    its    vjiscular    connections),    and 

alt  ,  a  recording  balance,  as  could  jTrobably  be  done  with  a 

Iddnry. 

Further,  it  is  jHjssiWe  that  the  temjieraturc,  at  least  of  the  super- 
ficial parts.  IS  iiUercd  with  every  Ic;-!  of  the  her.rt.  f'or  the  amount 
of  he«t  given  olf  by  the  blood  to  the  skin  increases  with  its  mean 
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velocity,  and.  therefore,  although  the  difference  may  not  in  general 
be  measurable,  more  heat  is  presumablv  given  off  during  the  systoUc 
increase  of  velocity  than  during  the  cfiastolic  slackening.  In  fact, 
with  a  very  sensitive  instrument  (bolometer,  or  resistance  thermo- 
meter, p.  583)  applied  directly  to  an  exposed  artery,  indications  of 
a  change  of  temperature  <tf  the  vcsscl-wall  with  each  beat  of  the 
heart  liavc  been  observed.  And  this,  alonf;  with  other  considerations, 
suggests  that,  at  any  rate  in  certain  situations  and  imdcr  certain 
conditions,  there  mav  even  l>e  a  pulse  of  chemical  change  ;  that  is, 
a  slight  and  as  yet  doubtless  inappreciable  ebb  and  flow  of  meta- 
bolism corresponding  to  the  rhj'thm  of  the  heart. 

The  Circulation  in  the  Capillaries. — From  the  arteries  the 
blood  passes  into  a  network  of  narrow  and  thin-wallot!  vessels, 
the  capillaries,  which  in  their  turn  are  cunnertcti  wilh  llie  finest 
rootlets  of  the  veins.  Physiologically,  the  arterioles  and  venules 
must  (or  many  [lurposes  Ik^  included  in  the  capillary  tract,  but 
the    ^eat    anatomical    difference — the    presence    of    circularly- 


FiG.  43. — Plkthvsbiograpii  Tracing  fkum  Arm. 

The  tradng  was  takeu  by  means  uf  a  taitihuur  connected  with  the  pleth\'Mno- 
graph.     The  dicrotic  wave  is  distinctly  marked. 

arranged  muscular  fibres  in  the  artt-rioles.  their  absence  in  the 
capillaries — has  its  physiological  correlative.  The  cahbre  of  the 
arterioles  can  be  altered  by  contraction  of  these  fibres  under 
nervous  influences  ;  the  calibre  of  the  capillaries,  although  it 
varies  passively  with  the  bldod-piessure^  and  is  possildy  to  some 
extent  afiected  by  active  contraction  of  the  endothelial  cells, 
cannot  be  under  the  control  of  vaso-motor  nerv^es  acting  on 
muscular  fibres  (but  see  p.  140). 

Harvey  had  deduced  fioin  his  obser\'ations  the  existence  of 
channels  between  the  arteries  and  the  veins.  Malpigbi  was  the 
first  to  observe  the  capillary  blood-stream  with  the  microscope, 
and  thus  to  give  ocular  demonstration  of  the  truth  of  Harvey's 
brilliant  reasoning.  He  used  the  lun^s,  mesenlciy  ami  bladder 
of  the  frog.  The  web  of  the  frog,  the  tail  of  the  tadpole,  the 
wing  of  the  bat,  the  mesentery  of  the  rabbit  and  rat,  and  other 
transparent  parts,  have  also  been  frequently  employed  for  such 
investigations.     From  the  apparent  velocity  of  the  corpuscles 
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and  the  degree  of  magnificaUon,  it  is  easy  to  calculate  the 
velocity  of  the  capillary  blood-stream.  It  has  been  estimated 
at  from  0'2  to  o-8  mm.  per  second  in  different  parts  and  different 
tanimals. 

The  comparative  slowufss  o(  tlie  currrnt  and  the  disapj^ar- 

ice  ol  the  jmlsc  are  the  chief  characteristics  o(  the  capillary 

irculation.     The  explanation   we   have   already   found   in    the 

vai    resistance    of    the    narrow    and    much -branched    vessels. 

[Although   the   average  diameter  of  a   capillary   is  only  about 

lo  ^  (5  to  20  fi  in  different  parts  of  the  body),  the  number  of 

^branches   is  so  prodigious   that   the   total   cross-section  of   the 

l\*stemic  rai>illary  tract  has  been  estimated  at  500  to  700  times 

liat  of  the  aorta. 


I<k.  1 1* — DlAGIUll  ru  ILLUSTKATE  THK  SloI'E  OF  PRIC&SUKE  ALUNu  TME  Va.SCL'LAR 

S     STEM. 

A.  Brtftal :  C,  capillary  :  V,  venous  tract.    The  interrupted  line  reproMots  the 
of  niftan  preMttrc  in  the  .-irtuno,  the  wavy  line  indicatinK  that  ihr.  prfssiire 
The  line  pa&scs  fcwilow  the  absciss.i  axis  (lint*  of  zcnj 
kbc  vrjiis.  indicating  that  at  the  end  of  the  venom 
negative 

The  total  cross-section  of  the  vascular  channel  gradually 
idcns  as  it  passes  away  from  the  left  ventricle.  In  the  capillary 
ri^ion  if  unrlerg<^)cs  a  great  and  sudden  increase.  At  the  venous 
id  ol  this  region  the  cross-section  is  again  somewhat  abruptly 
mtfiictctl,  and  then  gradually  lessens  as  the  right  side  of  the 

irt  is  approached  ;  hut  the  united  sectional  area  of  the  large 
lie  veins  is  greater  tlian  that  of  the  aorta. 

The    blood-pressure   in    the   capillaries   has   been    measured   by 

•irhtini^  a  small  jiUtc  nf  glass  laid  on   the   back   of   one   of   the 

iind  the  nail,  until  tlic  capillaries  arc  just  cmpliwi,  as  shown 

linK  o(  the  sktn  (v.  Knes),  or  by  obscn-ing  the  height  of  a 

^luiuu  (jt  liquid  that  just  sto|>s  the  circulation  in  a  trdns}>arent  part 

iKoy  and  Graham   l^row-n).     The  Uist-nanicd  observers  found  that 

picjisuic  of  100  to   150  mm.  of  water  (about  7  to  1 1    mm.  of  Hk) 

needed  to  bring  the  blood  tu  a  standstill  in  the  capillancs  and 

of  the  frog's  web  ;  that  is,  about  a  third  of  the  blood-pressuro 
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lu  the  frog's  aortii.      1  he  pressure  in  the  capillaries  at  the  root  ol 
the  nail  in  man  varies  from  30  to  50  mm.  of  mercury.  ^| 

Under  certain  conditions  the  jnilse-wave  may  pass  into  the 
capillaries  and  appear  heyond  tliem  as  a  venous  pulse.  Thus, 
we  shall  see  that  \vhe:i  the  small  arteries  of  the  submaxillary 
gland  are  widened,  and  the  vascular  resistance  lessened,  by  the 
stimulation  oi  the  chorda  tympani  nerve,  the  pulse  passes  through 
to  the  veins.  And,  normally,  a  pulse  may  be  seen  in  the  wide 
capillaries  of  the  nail-bed — especially  when  ihey  are  partially 
ein|)tied  l)y  pressure — as  a  flicker  of  pink  that  comes  and  goes 
with  every  l>eat  of  the  heart. 

We  have  seen  that  the  lateral  pressure  at  any  point  of  a  uniform 
rigid  tube  through  which  water  is  flowing  is  proportional  to  the 
amount  of  resistance  in  the  portion  of  the  tube  between  this  isoint 

I'.nd  the  outlet.  In 
anv  system  of  luLcs 
the  sum  of  the  [lo- 
tcntiai  and  kinetic 
cncrg>'  must  di- 
minish in  the  direc- 
tion of  the  flow  ; 
and  although  the 
problem  is  compU- 
catcd  in  the  vascu- 
lar system  by  the 
branching  of  the 
channel  and  the 
variation  in  the 
totiil  cross-section, 
yet  theory  and  ex- 
jierimcntagree  that 
i  \\  the  larger  arteries 
the  lateral  pressure 
diminishes  but 
slowly  from  the  heart  to  the  periphery,  the  resistance  bcinR  small 
compared  with  the  resistance  of  the  whole  circuit.  In  the  capillary 
region  the  vascular  resistance  ahniptlv  increases  ;  the  velocity  (and 
therefore  the  kinetic  energy)  abruptly  diminishes,  and  the  lateral 
pressure  falls  much  more  steeply  between  the  be^^inuing  and  the  end 
of  this  region  than  between  the  heart  and  its  commencement.  In 
the  veins  only  a  small  remnant  of  resistance  remains  to  be  overcome, 
and  the  lateral  pressure  must  sink  again  rather  suddenly  about  the 
end  of  the  capillary  tract.  Fig.  45  shows  by  a  rough  diagram  the 
manner  in  which  the  pressure,  velocity  and  cross-section  probably 
change  from  part  to  part  of  the  vascular  system. 

The  Circulation  in  the  Veins, — The  slope  of  ]>rcssure,  as  we 
have  just  explained,  must  fall  rather  suddenly  near  the  be^nning 
and  near  the  end  nf  the  capillary  tract.  It  continues  falling  as 
we  pass  along  the  veins,  till  the  heart  is  again  reached.  In  the 
right  heart,  and  in  tiie  thoracic  i)ortions  of  the  great  veins  wliich 
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KKLATins  OF  ULoon-PRESSirRK,  Vflocitv, 
AND  Cross-section. 


Thr  riirvcs  P.  V.  and  S  represent  the  blood -pressure, 
vclorityof  thf  Mood,  and  total cross-scrtitm respectively 
tn  the  iirtcries  A,  capillaries  C.  and  vetm  V. 
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enter  il,  the  pressure  may  l>e  negative — that  is,  less  than  tlic 
atmospheric  pressure.  And  since  nowhere  in  the  venous  system 
is  the  pressure  more  than  a  small  fraction  of  that  in  the  arteries, 
its  measurement  in  tlic  veins  is  correspondingly  difficult,  l)ccau5C 
any  obstruction  to  the  normal  flow  is  apt  to  arttticially  raise  the 
pressure.  A  manometer  containing  some  lighter  liqtiid  than  mer- 
cury, such  as  water  or  a  solution  of  sodium  citrate  or  magnesium 
sulphate,  is  usually  employed,  so  thai  the  difference  of  level  may 
l>e  as  great  as  possible.  In  the  sheep  the  pressure  was  found 
to  lie  3  mm.  of  mercury  in  the  brachial,  and  about  ii  mm.  in 
Ihe  crural  vein  ;  in  the  dog's  portal  vein  about  lo  mm. 

Tlie  venous  pressure  l>eing  so  low,  or,  in  other  words,  the 
potential  energy  which  the  systole  of  the  heart  miparts  to  the 
blood  being  so  greatly  exhausted  before  it  reaches  the  veins, 
other  influences  begin  here  appreciably  to  affect  the  bhxKl- 
slrcam  : 

I.  Contfiution  of  the  MuscUs. — Tliis  compresses  the  neighbour- 
ing veins,  and  since  the  blood  is  compelled  by  the  valves,  if  it 
moves  at  all,  to  move  towards  the  heart,  the  venous  circulation 
is  in  this  way  helped. 

a.  Aspiration  of  the  Ihorax. — In  inspiration  the  intrathoracic 
pressure,  and  therefore  the  pressure  in  the  great  thoracic  veins, 
ii  diminished,  and  bk>od  is  drawn  from  ttie  more  peripheral  parts 
of  the  venous  system  into  the  right  heart  (p.  2J5). 

y  Aspiration  of  the  //^<zr/.— When  the  heart,  after  its  contrac- 
tion, suddenly  relaxes,  the  endocardiac  pressure  Incomes  nega- 
tive, and  blood  is  sucked  into  it,  just  as  when  the  indiambber 
ball  of  a  syringe  is  cfjmpressed  and  then  allowed  to  expand. 
But  we  cannot  attribute  any  great  importanrn  to  this  ;  and, 
of  course,  it  is  only  the  relaxation  of  the  right  ventricle  which 
could  directly  affect  the  venous  circulation. 

4.  Every  change  of  position  of  the  limbs,  as  in  walking,  aids 
the  venous  circulation  (Braune),  and  this  indejiendently  of  the 
muscular  contraction.  When  the  thigh  of  a  dead  body  is  rotated 
outwajds,  and  at  the  same  time  extended,  a  manometer  con- 
nected with  the  femoral  vein  shows  a  negative  pressure  of  5  to 
10  mm.  of  water.  When  the  opposite  movements  are  made, 
the  pressure  becomes  positive. 

It  follows  from  the  number  of  casually-acting  influences  which 
affect  the  blood-flow  in  the  veins  that  it  cannot  be  ver>'  regular 
or  constant.  We  have  seen  that  in  the  great  arteries  there  is  a 
r-onsidcr;ibIe  N'ariation  of  velocilv  -ind  of  pressure  with  every 
t  of  the  heart  ;  and  although  this  variation  is  absent  (rom 
veins,  since  normally  the  ptilse  does  not  ptiietratt-  into  them. 
the  venous  llow  is,  nevertheless,  as  a  matter  of  fact,  more  irregu- 
lar than  the  arterial.     So  that  if  it  is  difhcult  to  give  a  useful 
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definition  of  the  term  '  velocity  of  the  biood  '  in  tlie  case  of  the« 
arteries,  it  is  still  more  ditlicult  to  do  so  in  the  case  of  the  veins. 
Where  voluntary  movement  is  prevented,  one  potent  cause  of 
variation   in    the  venous  flow   is  eliminated;  and   in   curarized 
animals  curtain  obsor\'frs  have  found  hut  littlr  difference  lx?twecn 
the  mean  veltKity  in  ihe  veins  and  m  the  Lurrcsponding  arteries. 
Others  have  found  the  velocity  in  the  veins  considerably  less^ 
which  is  indeed  what  we  should  expect  from  the  fact  that  the' 
average  cross-section  of  the  venous  system  is  greater  than  that 
of  the  arterial  system.     Opitz,  by  means  of  a  strumuiir.  obtained 
a  mean  velocity  of  147  mm.  per  second  in  the  external  jugular 
vein  of  a  ij;-kilo  dog. 

To  sum  up.  we  may  conclude  ihat,  upon  the  whole,  the  blood 
passes  with  gradually-diminishing  vel<^city  from  the  left  ventricle 
along  the  arteries  ;  it  is  greatly  and  somewhat  suddenly  slowed 
in  the  broad  and  branching  ca]>illary  bed  ;  but  the  stream 
gathers  force  again  as  it  ln'comcs  more  and  more  naiTowed  in 
the  venous  channel,  although  it  never  acquires  the  speed  which 
it  has  in  the  aorta. 

Venous  Pulse. — To  comjilcte  the  account  of  the  circulation 
in  the  veins,  it  must  be  addo<i  that,  in  addition  to  the  venous 
pulse  descri)>ed  on  j>.  106,  which  travels  through  widened  arteri- 
oles and  capillaries  from  the  arteries  into  the  veins,  a  so-called 
venous  \mUi\  tiavellmg  bom  llie  heart  af^ainst  the  blood-stream 
and  dejK'nding  on  variations  of  pressure  in  the  right  auricle, 
may  hv  seen  in  the  jugular  vein  in  some  healthy  f>ersons,  but 
more  frequently  and  more  distinctly  in  cases  of  incompetence 
of  the  tricuspi<l  valve.  In  animals  a  venous  jndse  of  tliis  nature 
has  been  demonstrated  in  the  vena;  cavae,  the  jugular  vein,  and 
with  a  delicate  manometer  even  in  the  large  veins  of  the  limbs. 
It  moves  with  a  speed  of  i  to  3  metres  a  second  (Morrow).  The 
changes  of  pressure  in  the  great  veins  due  to  the  respiratory 
movements  (p.  236)  are  also  sometimes  spoken  of  as  a  venous 
pulse,  but  they  are  produced  in  an  entirely  different  way.  ^m 

The  Circulation- time. — Hcring  was  the  first  who  attempted  tdW 
measure  the  time  required  by  the  blood,  or  by  a  blood-corpuscle,  to 
complete  the  circuit  of  the  vascular  system.  He  injected  a  solution 
of  potassium  ferrocyanide  into  a  vein  (generally  the  jugular),  and 
collected  blood  at  intervals  from  the  corresponding  vein  of  the  opix)- 
site  side,  .\fter  the  blood  liiid  clotted,  he  tested  for  the  ferrocyanide 
by  addition  of  ferric  chloride  to  the  serum.  The  first  of  the  samples 
that  gave  the  Prussian  blue  reaction  corresponded  to  the  time  when 
the  injected  salt  tiad  just  completed  the  circulation.  This  method 
was  improved  by  Vicrordt.  whu  arranged  a  number  of  cups  on  a 
revolving  disc  below  the  vein  from  which  the  blood  was  to  be  taken. 
In  these  cu|>s  samples  of  the  l»Ii_»od  were  received,  and  the  rate  of 
rotation  of  the  rlisc  bciiig  knuwn,  it  was  jKissible  to  mc.isure  the 
interval   between   the   injection   and   appearance   of   the   salt   witU 
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coosiderable  accuracy.  Hermann  made  a  further  advance  by 
allowin^r  Uic  blood  to  play  upon  a  revolving  drum  covered  with  a 
paper  swikcd  in  feme  chlonde.  and  by  using  the  less  poisonous 
sodium  fcrrocyanide  for  injection. 

Rvem  as  thus  modified,  the  method  laboured  under  serious  defects. 
It  was  not  nossiblo  to  make  more  tlian  a  single  observation  on  one 
animal,  at  leivst  without  allowing  a  considerable  interval  for  the 
elimination  of  the  fcrrocyanide,  and,  further,  the  mtthod  was  un- 
sutted  for  the  estimation  of  the  circulation  time  in  individual  organs. 
In  ImuIi  (if  these  respects  the  more  recently  intnuluctd  electrical 
method  presents  considerable  advantages  ;  for  by  its  aid  we  can  not 
only  obUiin  satisfiictory  measurements  of  the  circulation  time  m 
such  organs  .is  the  lungs,  liver,  kidney,  etc..  but  we  can  repeat  them 
an  indefinite  number  of  times  on  the  same  animal. 

.\  cannula,  connected  with  a  burette  (or  a  Mariotte's  bottle,  or  a 
syringe),  containing  a  solution  of  sodium  chloride  (usually  a  1*5  to 
2  ^»er  cent,  solution),  is  tied  into  a  vessel — say,  the  jugular  vein, 
SupiHJW  that  the  time  of  the  circulation  from  the  jugular  to  the 
cirotid   is  required  -  that   is,  practically  the  time  of  the  lesser  or 
pulmonary  circulation.     A  small  portion  of  one  carotid  artcr>'  is 
isolated,  and  laid  on  a  pair  of  hooksha|x;d  platinum  electrodes.* 
covcretl,  except  on  the  concave  side  of  the  hook,  with  a  layer  of 
inoculating  varnish.     To  further  secure  insulation,  a  bit  of  very  thin 
f»hcct-indiarubher  is  sUpped  between  the  arter\'  and  the  tissues.     By 
means  of  the  electrodes  the  piece  of  artery  l>'ing  between  them, 
'with  the  blood  that  flows  in  it,  is  connected  np  as  one  of  the  resist- 
in  a  WheaLstone's  bridge  (p.  .SJ7).     The  secondary  coil  of  a 
tnductorium.  arranged  for  giving  an  interrupted  current,  and 
1th  a  single  Danicll  or  drv  cell  in  its  primary,  is  substituted  for  the 
iifcatlcr>',  and  a  telephone  for  the  galvanometer,  accordmg  to  Kohl- 
's well-known  method  for  the  measurement  of  the  resistance 
:trolytcs.      It  is  well  to  have  the  induction  machine  set  up  in  a 
tratc  room  and  connected  to  the  resistance-box    by  long  wires, 
that   the  noise  of  the   Ncef's  hammer  may  be  inaudible.     The 
{c  IS  balanced  by  adjusting  the  resistances  until  the  sound  heard 
telephone  is  at  its  minimum  intensity,  the  secondary  coil  being 
at  such  a  distance  from  the  primar\'  that  there  is  no  sign  of 
tiation  of  muscles  or  nerves  in  the  neighbourhood  of  the  cXcc- 
when  the  current  is  closed.     A  definite,  small  quantity  of  the 
^solution  is  now  allowed  to  run  into  the  vein  by  turning  the 
:ock  of  the  burette.      It  moves  on  with  the  velocity  of  the  blood, 
reaching  the  artery  on  the  electrodes  causes  a  diminution  of  its 
•IcctriciU  resistance*  (p.  kj).     This  disturbs  tlie  balance  of  the  bridge, 
md  tJie  sound  in  the  telephone  becomes  louder.     The  time  from  the 
jbcuiumng  of  the  injection  to  the  alteration  in  the  sound  is  the  circula- 
jtum-timc  between  jugular  and  carotid,  and  it  can  be  read  off  by  a 
Itup-w.ilch.  or  more  accurately  by  an  electric  time-maker  writing  on 
klvmg  drum  (Fig.  47 ).     Instead  of  the  telephone  a  galvanometer 
'be  used,  the  equal  and  oppositely  directed  induction  shocks  being 
'  by  a  weaJk  voltaic  current  and  the  platinum  by  unpolarizable 
ss  (p.  ^45).     But  this  is  less  convenient. 
TLs  circalation-timc  of  an  organ  like  the  kidney  can  be  measured 
adjusting  a  pair  of  electrodes  under  the  renal  artery  and  another 

■  Til*  rlerlrotleS  can  ensllv  be  made  by  beating  out  one  end  of  a  piece 
thick  platinum  wire  to  11  breadtli  of  5  or  6  ninu.  and   Uien  bviidiuK  the 
'flattened  purt  into  a  hook,  or  by  bending  pieces  of  stout  platinum  foil. 
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under  the  renal  vein,  and  reading  off  the  interval  required  by  the 
salt  solution  to  pass  from  the  point  of  injection  first  to  the  artery  and 
then  to  the  vein.  The  dificrencc  is  the  circulation-lime  through  the 
kidney. 

For  ccrtam  inir|)o8es.  and  particularly  for  measurements  on  small 
animals  like  the  r<\bbit,  or  an  organs  whose  vessels  are  too  delicate  to 
be  placed  on  electrndes  without  the  risk  of  serious  interference  with 
the  circulation,  another  method  may  be  employed  with  advantage. 
It  depends  on  the  injection  of  a  pigment,  like  methylene  blue,  which 
at  first  overpowers  the  colour  uf  the  blood  and  shows  tlirough  the 
walls  of  thf  blf«>dvesscls,  but  is  soon  reduced  to  a  colourless  sub- 
stance, methylene  white  (Fig.  4'>)-  1  lie  details  of  the  method  are 
given  in  the  Pra':tic.Al  Exercises  (p.  iXt). 


7  lliT*»*e"^ 


Fio.  4fj. — Mkasurement  or  tue  Pulmonary  Circulatiok-tiiie  in  Kabbit  dv 
Injection  or  Methylene  Blue. 

It  maybe  said  in  general  terms  that  in  otic  and  the  same  animal 
the  time  of  ihc  lesser  circulation  is  short  as  compared  with  the  total 
circtdatioH-limc,  relatively  constant,  and  but  tittle  affected  by  changes 
of  temperature.  In  animals  of  the  same  species  it  increases  with 
the  size,  but  more  slowly^  and  rather  in  proportion  to  the  increase 
of  surface  than  to  tfie  increase  of  weight. 

Thus  a  doR  weighing  2  kilogrammes  had  an  average  pulmonary 
circulation-time  of  4  05  secomls,  while  that  of  a  dog  weighing 
11*8  kilos  was  tJ7  seconds,  and  tliat  of  a  dog  with  a  tK)dy-weLght 
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if  1 8*3  kilos  only  to'4  soconds.  It  is  probable  that  in  a  man  the 
pulmoosirv  circulntion-time  is  not  usually  much  less  than  12  seconds, 
ir  much  mure  thin  1  5  sccunds. 

The  circulation  lime  in  the  kidney,  spleen  and  liver  is  rela- 
llively  long  and  much  more  varialilc   than   that  of   the  lungs^ 

•ing  easily  affected  l>y  exposure  and  changes  of  tcin[>erature 
[{increased  by  cold,  diminisljed  by  warmth). 

In  a  dog  of  13-3  kilos  weight  the  average  circulation- time  of 
Ihe  spleen  was  lo  t^5  seconds  ;  kidney,  133  seconds  ;  lungs, 
8-4  seconds.    The  circulation-time  of  the  stomach  and  intes- 
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Flo.    47.— TlHK    Of    THE     LCSSZR     ClRCI'IATIOK.      CaT    ANASTHCTIZFD 
WITH     liTHBR. 

Timislrare,  seconds.     The  line  above  the  limc-lrate  wa<  writtm  by  an  clerlro. 

idsnrtip  «i(pial.  thr  circuit  of  which  was  rtnsed  .it  the  monient  when  injertiun 

ni^thylrive    liliir    inlu    the   jtigiilar    vrin     was    tti^gun.    niiil    (iiientil    at     the 

>imrnt  wfarn  the*  th^tngr  of  colour   in   Ihe  carotid  w.ts  observrd.       I.  nnnnal 

tliDV ;     11.    ( iri  uliitlun    time     after    portion    of    bulh     v*^\    (much 

l)i   MI.  circululiufi  time  during  <ttimuUtiun  of   the  pcnphrral  rrul  u( 

<inurh  (licrcascdh 


is  (in  the  rabbit)  comparatively  short,  not  exceeding  very 
'eatly  that  of  the  Iungs»  but  it  is  Icngthcnctl  by  exposure.     The 
iTculation-tinie  of  the  retina  and  that  of  the  heart  (coronary 
rui-uLitidti)  are  the  shortest  of  all. 

The  total  circulation-time  is  properly  the   time  required  for  the 
rbolie  of  the  bltxid  to  complete  the  round  of  the  pulmonary  and 
k-siemir-  circulation.     But  tliere  are  many  routes  open  to  any  given 
"d  in  making  its  systemic  circuit.     If  it  passes  from  the 
the  coronan,'  circulation  it  takes  an  exceedingly  short 
li  It  pa.«vscs  through  the  intestines  and  bvcr.  or  through  the 
try,  or  through  tiie  lower  liinbs.  it  takes  a  long  route.     So  that 
»nc  the  total  circulation-time  bv  direct  measurement  we 
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must  know  (i)  the  quantity  of  blood  that  passes  on  the  average  by.] 
each  path  in  a  given  time,  and  {z)  the  average  circulation-time  of; 
each  path.  If  the  average  weight  of  blood  in  each  organ  be  repre-* 
sentud  by  if,,  a'^.  w-^,  etc.  ;  and  the  average  circuiatian-times  by 
/p  ^a»  's'  ^tc.  ;   and  t  be  the  total  systemic  circulation-time  ;  then 

w.-,  tpj  .  w  -,  etc.,  will  represent  the  quantity  of  blood  passing 

h  h  h 
through  each  organ  in  /  seconds,  since  in  the  average  circulation- 
time  of  an  organ  the  whole  of  the  blood  in  it  at  the  beginning  of 
the  period  of  observation  will  have  been  exchanged  for  fresh  blood. 
Rut  the  whole  of  the  blood  in  the  body,  which  we  may  call  W. 
passes  once  round  the  systemic  circulation  in  /  seconds.     "Vhercfore, 

w.    ^w.    +  «'„ .  etc..  -  W.      In   this    equation  evervthing  can    be 

determined  by  experiment  except  /,  and  therefore  t  can  be  calculated 
Adding  /  to  the  pulmonary  circulation-time,  we  arrive  at  the  total 
circulation-time. 

Although  our  experimental  data  arc  as  yet  too  meagre  to  make  the 
calculation  more  than  a  rough  approximation,  it  appears  probable 
that  in  cerLiiu  animals  the  total  circnlation-tiuie  is  live  or  six  times 
as  great  as  the  pulmonar\'  circulation-time.  If  the  same  ratio  holds 
good  in  man,  the  total  circulation-time  is  unlikely  to  be  much  less  ^_ 
than  a  minute  or  much  greater  than  a  minute  and  a  quarter.  We^| 
shall  see  directly  that  this  estimate  is  confirmed  by  data  derived  from  ^B 
a  different  source.  In  the  meantime,  we  may  use  it  provisionally  to 
calculate  the  work  done  by  the  heart.  Let  us  take  for  simplicity*  the 
total  circulation-time  as  1  minute  in  a  70-kiio  man.  the  quantit\'  of 
blood  as  4i  kilos.*  and  the  mean  pressure  in  the  aorta  as  2txj  mm, 
of  uiercury.  Up  tu  the  time  when  the  semilunar  valves  arc  0]>cncd, 
the  work  done  by  the  left  ventricle  is  spent  in  raising  the  intra- 
ventricular pressure  till  it  is  suflicient  to  overcome  the  pressure  in 
the  aorta.  If  a  vertical  tube  were  connected  with  the  left  ventricle, 
the  blood  would  rise  till  the  column  was  of  the  same  weight  as  a 
column  of  mercury  of  eijual  section  and  acm  mm.  high.  This  column 
of  blood  would  be  about  2'(,6  metres  in  height.     If  a  reservoir  were 

C laced  in  communication  with  the  tube  at  this  height,  a  quantity  of 
lood  equal  to  that  ejected  from  the  ventricle  would  at  each  systole 
pass  into  the  reservoir  :  and  the  work  which  the  blood  thus  collected 
woukl  be  capable  of  doing,  if  it  were  allowed  to  fiill  to  the  level  of 
the  heart,  would  be  equal  to  the  work  expended  by  the  heart  in 
forcing  it  up.  Thus,  in  i  minute  the  work  of  the  left  ventricle  would 
be  equal  to  that  done  in  raising  4A  kilos  of  bkiod  to  a  height  of 
2*(;6  metres — that  is,  about  !  r^  kilogramme-metres  ;  in  24  hours  it 
would  be.  say.  i6,6o<">  kilogramme-metres.  Taking  the  mean  pressure 
in  the  pulmonary  artery  at  one-third  of  the  aortic  pressure,  wo  get 
for  the  daily  work  of  the  right  ventricle  about  5,500  Idlogrammc- 
nictres.  The  work  of  the  two  ventricles  is  thus  about  22,000 
kilogramme-metres,  which  is  enough  to  raise  a  weight  of  6  ()ounds 
from  the  bottom  of  the  dee[>est  mine  in  the  w^orld  to  the  lop  of  its 
highest  n\ountaia,  or  to  raise  the  man  himself  to  twice  the  height  H 
of  the  spire  of  Strasburg  Cathedral,  or  three  times  the  height  of  ^| 
the  loftiest  '  skyscraper '  in  New  York.  By  friction  in  the 
bloodvessels  this  work   is  almost  all  changed   mto  its  equivalent 

•  The  mean  of  the  5}  kilos  given  by  most  writers,  and  of  the  3^  kilos 
obtained  by  iialdanc  and  Smith  (p.  41). 
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of  heat,  more  tlian  50,000  small  calories  (p.  4g}1).  Further,  since  the 
contraction  of  the  heart  is  al^^-ays  maximal  (p.  t24),  and  there  is 
reason  to  believe  that  the  quantity  of  blood  ejected  at  a  single  systole 
by  the  left  ventricle  (being  dependent  upon  the  inflow  from  the  pul- 
mooanr  veins,  and  therefore  upon  the  mnow  into  the  right  side  01  the 
heart  from  the  systemic  veins)  varies  widely,  some  of  the  mechanical 
effect  of  the  contraction  must  be  wasted  when  the  quantit>-  is  less 
than  the  ventricle  is  capable  of  expelling. 

Output  of  the  Heart. — If  4^  kilos  of  blood  pass  through  the  heart 
m  I  mmule  with  the  average  pulse-rate  of  72  per  minute,  the  quantity 

ejected  by  cither  ventricle  with  every  systole  will  bc'''^      =  62*5  grra., 

or  a  Uttle  less  than  60  c.c.  This  is  much  less  than  the  amount 
assigned  by  Vierordt,  which  has  gained  the  greatest  vogue  in  physi- 
ological text-books,  but  all  recent  ob3er\'crs  who  have  directly 
measured  the  output  are  agreed  that  Vicrordt's  estimate  is  too  high. 
Thns,  in  a  scries  01  experiments  on  more  than  twenty  dogs,  ranging  in 
weight  from  5  to  nearly  35  kilos,  it  has  been  shown  that  the  output, 
or  contraction  volume,  as  it  is  sometimes  called,  of  the  left  ventricle 
per  kilo  of  body-weight  diminishes  as  the  size  of  the  animal  in- 
creases ;  and  the  relation  between  body-weight  and  output  is  such 
that  in  a  man  weighing  70  kilos  we  can  hardly  suppose  that  the 
ventricle  discharges  more  than  105  grm.  of  blood  per  second,  or 
87  grm.  (So  c.c.)  per  heart-beat  with  a  pulse-rate  of  72.  Putting  this 
result  along  with  that  deduced  from  the  circulation-time,  wc  can 
pretty  safely  conclude  that  the  average  amount  of  blood  thrown  out 
Dy  each  ventricle  at  each  beat  is  not  more  than  70  or  80  ex.  Zuntz, 
from  the  quantity  of  oxygen  absorbed  by  the  blood  in  the  lungs,  has 
estimated  the  output  at  60  c.c.  But  according  to  him  this  may  be 
doubled  during  severe  muscular  work,  when,  as  a  matter  of  fact,  by 
the  aul  nf  the  RdntKcn-rays  or  by  pcrcussioti  of  the  chest,  the  volume 
of  the  heart  may  be  shown  to  be  considerably  increased.  In  the 
rmddle  of  the  eighteenth  century.  Passavant  calculated  the  output 
at  46*5  grm.»  which  is  almost  certainly  too  low. 


The  Relation  of  the  Nervous  System  to  the  Circulation. 

So  far  wc  have  been  considering  the  circulation  as  a  purely 
|)hy^ical  problem.  We  have  sixiken  of  the  action  of  the  heart 
as  that  of  a  force-pump,  and  to  a  small  extent  that  of  a 
suction-pump  too.  We  have  spoken  of  the  bloodvessels  as  a 
system  of  more  or  less  elastic  tubes  through  which  the  blood  is 
propdled.  We  have  spwkcn  of  the  resistance  which  the  blood 
experiences  and  the  pressure  which  it  exerts  in  this  system  of 
tubes,  and  we  have  considered  the  causes  of  this  resistance,  the 
interpretation  of  this  pressure,  and  the  physical  changes  in  the 
vasciilar  system  that  may  lead  to  variations  of  lx)th.  But  so 
far  we  have  not  at  all,  or  only  incidentally  and  very  briefly, 
deaJt  with  the  physiological  mechanism  through  which  the 
physical  changes  are  brought  about.  We  have  now  to  see  that 
although  the  heart  is  a  piuiip,  it  is  a  living  pump  ;  that  although 
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the  vascular  system  is  an  arrangement  of  tubes,  these  tubes 
alive  ;  and  that  bnth  heart  and  vessels  are  kept  constantly  in 
the  most  delicate  jjoise  and  balance  by  impulses  passing  from 
the  central  nervous  system  alon^i^  the  nerves.  ■ 

In  many  respects,  and  notably  as  regards  the  influence  of  ' 
nerves  on   it,  wc  may  look  upon   the    heart  as  an  expanded, 
thickened    and    rhythmical ly-rantractile    bloodvessel,    so    that 
an  account  of  its  innervation   may  htly  precede   the  descrip- 
tion of  vaso-motor  action  in  f^cneral. 

The  Relation  of  the  Heart  to  the  Nervous  System. — A  very 
simpli*  experiment  is  sufficient  to  prove  that  the  beat  of  the 
heart  does  not  dci>end  on  its  connection  with  the  central  ner\-ous 
system,  for  an  excised  frog's  heart  may.  under  favourable  con- 
ditions, of  which  the  most  important  aic  a  niwleratcly  low 
temperature,  the  presence  (jf  oxygen  and  the  prevention  of 
evaporation,  continue  to  beat  lor  days.  The  mammalian  heart 
also,  after  removal  from  the  body,  beats  for  a  time,  and  indeed,  — 
if  detibrinatcd  blood  be  artificially  circulated  through  the  coronary  ■ 
vessels,  for  several  or  even  many  liours.  Hut  although  this 
proves  that  the  heart  can  beat  when  separated  from  the  central 
nervous  system,  it  does  not  ]>r(>ve  that  nervous  influence  is  not 
essential  to  its  action,  tor  in  the  cardiac  substance  ncr\'ous 
elements,  both  cells  anil  ribres,  are  to  be  found. 

The  Intrinsic  Nerves  of  the  Heart. — In  the  heart  ol  the 
frog  numerous  nerve-cells  occur  in  the  sinus  venosus,  especially 
near  its  junction  with  the  right  auricle  (Remak's  ganglion}. 
A  branch  from  each  vagus,  or  rather  from  each  vago-sympathetic 
nerve  (for  in  t!ie  frog  the  vagus  is  joine<l  a  little  below  its  exit 
from  the  skull  by  the  sympathetic),  enters  tlie  heart  along  the 
superior  vena  cava  (pp.  126,  162). 

Running  through  the  sinus,  with  whose  gangUon-cclU  the  true 
vagus  fibres,  or  some  of  them,  are  believed  to  make  physiologir.d 
junction  (p.  148).  the  nerves  pursue  their  course  to  the  nijncular 
septvmi.  Here  they  iorm  an  intricate  plexus,  sluddctl  witli  ganyUon- 
ceSls.  From  the  plexus  nervc-fibrcs  issue  in  two  main  bundles, 
which  pass  down  the  anterior  and  posterior  bordei-s  of  the  septum, 
to  end  in  two  ciunii^>s  of  nerve-cells  (Bidder's  gant^Iia),  situated  at 
the  auriculo-ventritular  groove.  These  ganglia  in  turn  give  off 
fine  nerve-bundles  to  the  ventricle,  which  form  three  plexuses — one 
under  the  pericardium,  another  under  the  endocardium,  and  a  third 
in  the  muscular  wall  itself,  or  myocardium.  From  the  last  of  these 
plexuses  numerous  non-mediiUate<l  fibres  run  in  among  the  muscular 
fibres  and  end  in  close  relation  with  Ihcin.  Similar  plexuses  of 
nerve-fibres  exist  in  the  mammahan  ventricle.  But  while  scattered 
ganglion-cells  are  fcund  in  the  upper  part  of  the  ventricular  wall. 
most  observers  have  been  unable  to  demonstrate  any  cither  in  the* 
mammal  or  the  fro^  in  the  apical  half.  In  the  rat's  heart,  according 
to  the  careful  recent  observations  of   Schwartx,  true  ganghon-ccUs 
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m  confined  to  an  area  on  the  posterior  surface  of  the  auricles, 
lying  always  under  the  visceral  |wricardmm.  Other  writers,  how- 
ever, have  stated  that  ganglion-cells  do  exist  in  the  apex  both  of  the 
cat's  and  of  the  frog's  licart,  and  m  connection  with  the  whole 
question  it  must  be  borne  in  mind  that  in  other  organs  improved 
lustotogical  methods  have  brought  typical  nerve-cells  to  light  in 
situations  where  they  were  not  suspected  or  were  denied  to  exist, 
A&d  further,  that  all  investigators  arc  not  agreed  upon  the  histological 
"tcria  by  which  gting lion-colls  arc  to  be  distinguished. 

Cause  of  the  Rhythmical  Beat  of  the  Heart. — Scarcely  any 

ysiological   question   has   excited   greater   interest    for   many 

than  the  mechanism  of  the  heart-beat.     Several  pro|)erties 

the  cardiac  tissue  ought  to  be  distinguished  in  discussing  this 

estion  :  (i)  Its  iintomatism — j"y.,  its  power  of  beating  in  the 

lue  uf  external  stimuli  ;  (2)  ils  rhythiniiily—i,c\,  ils  puwer  i)f 

>l>onding  to  continuous  stinmlation  l>y  a  series  of  rhythmically 

jx-atctl  contractions  :   (j)   its  conductivity— i.e.^   its  |X)wcr  of 

nductmg  the  contraction  wave  or  the  impulse  to  contraction 

ce  It  has  been  set  up  ;  and  (4)  the  i>ower  of  co-ordination,  in 

uc  of  which  the  various  jiarts  of  the  heart  beat  in  a  regular 

uence. 

That   the    heart-beat   is  automatic,  is   suflkiently  shown   by 
e   fact    that,   as   already   mentioned,   an   excised   and   empty 
heart  will  go  on  beating  for  a  time,  for  many  hours  or  even 
for  day^   in   the  case   of   cold-blooded  animals.     When  blood, 
or   c\'cn  a  suitable  solution  of  such   inorganic  salts  as   exist 
m  scnim.  is  ca\ised  to  circulate  through  the  coronary  vessels  of 
the  excised  heart  of  a  warm-blooded  animal,  it  also  continues 
to   contract    for    a    long    time.     But    where   the  cause   of   the 
automatism  resides,  in  the  muscular  tissue  or   in  tlie  intrinsic 
nervous   apparatus,    cannot    be   decided    offhand,    l>ecause    in 
k^rarly  all  animals  hitherto  investigated   tlio  muscular   tissue, 
^^■anglion -cells,   and    nervc-fibres    are  inseparably   inlci  mingled. 
^^Hi  Lmiulus,  however,  the  honscsluK  or  king  crab,  the  cardiac 
P^angl  ion -celts  appear   to  be  collected  in  a  nerve-cord  running 
[      longitudinally  in  the  median  line  along  the  dorsal  surface  of  the 
strgmcntcd  heart,  and  sending  off  at  intervals  branches  to  two 
lateral  cords,  and  also  brandies  wliich  enter  the  heart  muscle 
directly  (Fig.  48).    When  the  median  nerve-cord  is  removed, 
as    can    be    done    without    injuring    the    muscle,    the    heart 
ceases  for  ever  to  beat  sjKintancously.     It  still  contracts  when 
directly  stiniidatcd.  mechanically  or  electrically,  but  the  con- 
traction never  outlasts  the  stimtilation.     The  automatic  power 
ercforc  resides  in  the  ner\*e-cord  alone,  and  not  in  the  muscle, 
e  same  is  true  of  the  rhythmical  |>ower,  for  excitation  of  the 
rves  that  pass  from  the  median  cord  to  the  muscle  pro<lnres» 
ot  a  rhytluiiical  scries  ui  beats  m  tlie  resting,  and  an  acceleru- 
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tion  of-the  rhythm  in'  the' pulsating  heart,  but  a  tetanus  closely 
resembling  that  produced  in  skeletal  muscle  on  stimulation  of  a 
motor  nerve  "  (Carlson).     Conduction  and  co-ordination  are  also 
effected    in    this    heart   through    the   nervous   mechanism,  and 
essentially  through  the  median  nerve-cord ;   for  section  oi  lhe« 
longitudinal  ncr\*es  in  any  segment  of  the  heart  abolishes  thef 
co-ordination  of  the  two  ends  of  the  heart  on  either  side  of  the 
lesion,   while  division  of  the  muscle  m  any  segment  does  not 
aiiect  the  co-ordination.     It  is  not  permissible  to  transfer  these 
results  wholesale  to  higher  hearts,  and  especially  the  conclusions - 
as  to  rhythm,  conduction,  and  co-ordination.     But  in  the  casofl 
of  the  higher  animals  also  facts  may  be  adduced  in  favour  of  the 
neurogenic  origin  of  the  beat.     The  isolated  aiuicular  appendices 
of  the  mammalian  heart,  in  whicli  no  ganghon-cells  have  been 
found,  refuse  to  beat  spontaneously.     If  in  the  frog  we  divide 
the  sinus,  which  is  conspicuously  rich  in  ganglion-cells,  from  the 
lower  portion  of  the  heart,  it  continues  to  pulsate.     A  fragment 


Fig.  48. — The  Heart  a^d 


Ti.E  Heart  Nekves 
(Carlson). 
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ithc  brort  is  figured  one-haU  tt-c  n.itiiral  size  of  a  Ur^e  specimen.)  ^ 

Aiitrrior  artery  ;  ia.  lateral  arteries :  Jn.  laterat  nerves;  nwc. median  nerve- 
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from  the  base  of  the  ventricle  will  go  on  contracting  if  it  includes^ 
Bidder's  ganglion,  but  not  otherwise.  We  cut  off  the  lower 
two-thirds  of  the  frog's  ventricle,  the  so-called  ajwx  preparation, 
wliioh  either  contains  no  ganglion-cells  or  is  relatively  ytoor  in 
them,  and  it  remains  obstinately  at  rest.  Further,  if.  without 
actually  cutting  off  the  apex,  we  dissever  it  physiologically 
from  the  heart  by  crushing  a  narrow  zone  of  tissue  midway 
between  it  and  the  auriculo-ventricuJar  groove,  we  appear  to 
abolish  for  ever  its  ]X)wer  of  rhythmical  contraction.  The  frog 
may  live  for  many  weeks,  but  in  general  the  ai">ex  remains  in 
permanent  diastole,  ll  can  be  caused  to  contract  by  an  artificial 
stimulus,  but  it  neither  takes  part  in  the  spontaneous  contraction 
of  the  rest  of  the  heart,  nor  does  it  start  an  independent  beat  o^ 
its  own.     .  ■ 

What  can  be  simpler   Uian   to  assume  that  the  sinus  beats 
because  it   has  numerous  ganglion-ceils  in  its  walls,  and  that 
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the  apex  refuses  to  beat  because  it  has  comparatively  few  or 
Bone  ?  Could  wc  pick  out  the  nerve-cells  from  the  sinus,  without 
hjuring  the  muscular  tissue,  as  easily  as  wo  can  extirpate  the 
inedian  nerve-cord  in  Limulus  we  may  well  supjwse  that  it  would 
lose  its  power  of  automatic  contraction.  And  altliou^h.  if  we 
)mrsue  our  investigations  a  little  farther,  facts  may  emerge  which 
seem  to  contradict  the  neurogenic  hypothesis,  the  contradiction 
is  usiially  only  apparent.  Let  us  inquire,  for  instance,  what 
liapi^iens  to  the  auricles  and  ventricle  of  the  frog's  heart  when 
the  sinus  is  cut  off.  The  answer  is  that,  as  a  rule,  while  ttu-  sinus 
goes  on  beating,  the  rest  of  the  heart  comes  to  a  standstill,  in 
s]>ite  of  the  numerous  ganglion-cells  in  the  auricular  scptunv  and 
llie  auriciUo- ventricular  groove.  Not  only  so,  but  if  the  ventricle 
Ijc  now  severed  from  the  auricles  by  a  section  carried  through 
the  groove,  it  is  the  former,  poor  in  nerve-cells  though  it  be, 
which  will  usually  first  begin  to  beat.  We  shall  again  have  to 
discuss  this  experiment  (p.  134).  It.  at  any  rate,  cannot  he 
interpreted  as  proving  that  the  automaticity  of  the  heart  does  not 
depend  upon  the  presence  of  ganglion-cells.  For  allliough  a 
portion  of  the  heart  rich  in  ganglion-cells  may,  under  the  cir- 
cumstances mentioned,  refuse  for  a  time  to  beat,  there  is  good 
evidence  that  this  is  due  either  to  a  jwculiar  condition  called 
inhibition  into  which  the  muscular  tissue  or  the  nerve-cells  of 
the  lower  jwrtions  of  the  heart  have  been  thrown  by  the  first 
section,  or  to  the  loss  of  the  accustomed  impulses  from  the  sinus 
which  normally  give  the  signal  for  the  auricular  contraction.  A 
stronger  argument  in  favour  of  the  myogenic  theory  is  the  fact 
that  the  embryonic  heart  beats  with  a  regular  rhythm  at  a 
when  as  yet  no  ganglion-cells  have  settled  in  its  walls. 
tut  It  may  well  be  that  this  jirimitive  automatic  power  of  the 

irdiac  muscle,  absolutely  necessar\'  at  first,  since  the  early 
itabhshment  of  the  circulation  is  essential  for  the  development 
it  the  tissues  in  general  and  of  the  nervous  system  in  particular, 
JU  into  abeyance  when  the  intrinsic  cardiac  nervous  mechanism 
completed,  or  at  least  becomes  subordinated  to  the  latter. 

\c  adv(x-ates  of  the  myogenic  theory  further  state  tltat  the 

>lated  bulbus  aortas  of  the  frog,  and  even  tiny  fragments  of  it, 
rill  pulsate  spontaneously*  and  that  the  same  is  true  of  small 

irtions  of  the  great  veins  which  open  into  the  sinus.  The 
rhythmical  contraction  of  the  veins  of  the  bat's  wing  has  also 
Ix^en  considered  an  argument  in  favour  of  myogenic  automatism. 
In  none  of  these  cases,  however,  can  the  complete  absence  of 
[lion-cells  \ye  considered  satisfactorily  demonstrated.      The 

.teraent  that  a  jxirtion  of  the  apex  of  the  dog's  ventricle 
itinues  for  a  considerable  time  to  beat  with  a  rhythm  of  its 

•n  when  connected  with  the  rest  of  the  heart  by  notlung  but 
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its  bloodvessels  and  the  narrow  isthmus  of  visceral  pericardium 
and  ronnectivc  tissue  in  which  they  lie  has  not  l)ccn  confirmed 
l>y  all  observers.     But  even  if  it  he  accepted,  it  can  hardly  be  m 
used  as  a  decisive  argument  against  the  neurogenic  theory  soS 
long  as  the  absence  of  ganglion-cells  from  such  a  ventricular  strip 
has  not  been  demonstrated. 

The  fact  that  under  the  influence  of  a  constant  stimulus 
portions  of  the  heart  can  be  made  to  beat  rhythmically  has 
been  sometimes,  though  erroneously,  brought  foi'ward  as  evidence 
of  myogenic  automatism.  Thus  the  supix)sedly  ganglion-free 
a]x'x  of  the  frog's  heart,  Hfeless  as  it  seems  when  left  to  itself, 
can  be  c-aused  to  execute  a  long  and  faiiltless  series  of  pulsations 
when  its  cavity  is  distended  witli  deril)rinated  ]>lood  or  serum, 
or  certain  artificial  nutritive  fiuids,  or  even  j)hysiological  salt 
solution.  The  passage  of  a  constant  current  through  the 
preparation  may  also  start  a  regular  rhythm,  Bnl  apart  from 
the  question  whether  nei'vous  elements  would  not  be  subjected 
to  the  constant  stimulus  im|iartially  with  the  muscular  elements 
(and  nerve-fibres,  at  any  rate,  arc  acknowledged  to  be  present), 
the  beat  here  produced  ought  not  to  be  considered  as  an  auto- 
matic  beat,  but  as  a  contraction  evoked  by  an  external  stimulus.:B 
Such  experiments,  in  fact,  throw  no  Ught  upon  the  automatism  ■ 
of  the  heart,  but  prove  clearly  its  rhylhmicity — i.r,,  its  power  of 
responding  to  a  continuous  stimulus  by  regularly  recurring 
contractions.  While  we  are  hardly  at  present  in  a  position  to 
discriminate  sharply  lietween  tlie  inlluence  of  constant  stimula- 
tion upon  the  nervous  and  upon  the  muscular  elements  of  the 
heart,  and  certainly  not  in  a  position  to  deny  to  the  nervous 
elements  the  power  of  responding  to  such  stimulation  by  rhyth- 
nucai  discharges,  it  can  hardly  be  doubted  that  the  cardiac 
muscle  itself  possesses  rhytlnnical  power,  a  property  wliich  also 
belongs  to  the  smooth  muscle  of  such  tul>es  as  the  ureter,  whose 
rhythmical  contraction  is  affected  by  distension  much  as  that  of 
the  heart  is,  and  in  a  smaller  degree  even  to  ordinary  skeletal 
muscle,  which  can  contract  with  a  kind  of  rliythm  under  the 
stimulus  of  a  certain  tension  and  in  certain  saline  soUUions. 
But  just  as  the  primitive  automatism  of  the  cardiac  muscle  may 
have  become  suhnrdinatcd  in  the  course  of  development  to  the 
automatism  of  the  nervous  elements,  so  the  primitive  rhythmical 
jx>wer  of  the  muscle  may  imder  ordinary  conditions  remain  in 
abeyance  and  yet  be  capable  of  asserting  itself  in  favourable 
circumstances,  and  when  the  normal  rhythmical  impulses  from 
the  nervous  apparatus  are  withdrawn.  In  any  case,  in  the 
normally  beating  heart  the  opportunity  for  the  exercise  of  the 
rhythmical  jwwer  of  the  muscle  does  not  arise,  at  least  in  the 
case  of  the  lower  portions  of  the  heart.     For  the  impulses  which 
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(in  tlic  frog's  heart)  descending  from  the  sinus.  liberate  the 
contrartinn  of  the  auricles,  and  the  impulses  which,  descending 
from  the  auricles,  IU>era1e  the  contraction  of  the  ventricle  ap^war 
to  l>^^  discrete,  and  not  continuous :  in  other  words,  tlio  lower 
portions  ni  the  heart  do  not  receive  from  the  ujijier  jx»rtions  a 
continuous  stream  of  stimuU  to  which  they  res|.)ond  by  rhyth- 
mi(  a!  contractions,  but  a  series  of  rhythmically  rejH-ated  impulses, 
each  of  which  evokes  a  single  contraction.  One  of  the  best 
proofs  of  this  is  that,  if  the  sinus  is  heated  the  ventricle  beats 
uch  more  rapidly  in  unison  with  the  rapidly  beating  sinus  and 
riclfs.  while  il  the  ventricle  itself  is  heated  no  change  takes  place 
m  Its  rhythm.  Now,  il  the  ventricle  responds  to  a  <onstant 
stimulus  by  rhythmical  beats,  the  condition  of  the  ventricular 
tissue  ouftht  to  affect  the  rate  of  its  beat.  In  the  mammalian 
art,  too,  an  alterati<m  in  the  temperature  of  a  definite  area  of 
c  wall  of  the  ri^ht  auricle  lying  between  the  mouths  of  the 
cava*,  produces  a  change  in  the  rate  of  the  whole  heart, 
no  effect  is  caused  by  altering  the  temj^rature  of  any  other 
portion  of  the  heart.  It  has  already  l>een  stated  that  the 
impulses  from  the  nerve-cord  which  maintain  the  rhythm  in  the 
imuius  heart  are  also  discontmuous. 

Conduction  and  Co-ordination. — The  question  of  tlie  con- 
ducti(»n  of  the  excitation  over  the  heart  and  the  co-ordination 
f  its  (>arts  is  in  the  same  position  as  the  question  of  the 
utomatism  and  rhythmicity.  In  the  horseshoe  crab,  as  already 
remarked,  the  mechanism  apj^>ears  to  be  a  nervous  one.  In 
ighcr  hearts,  on  the  other  hand,  facts  have  been  discovered 
hich  favour  each  of  the  rival  hy[x>theses.  In  the  frog's 
irt  the  probability  that  the  contraction  wave  is  propagated 
om  fibre  to  fibre  ol  the  muscle  without  the  intervention 
f  ner\'es  hits  K-en  much  insisted  upon,  since  the  muscular 
although  ]iresenting  certain  variations  in  its  character 
the  different  divisions  of  the  heart  and  at  their  junctions, 
rms  a  practically  continuous  sheet  over  the  whole  organ  from 
to  apex.  In  supjxirt  of  this  view  has  been  brought  forward 
c»l>ser\'ation  that  the  delay  of  the  wave  at  the  auriculo- 
ntncidar  groove  is  much  greater  than  it  ought  to  lie  if  the 
citation  were  transmitte<l  by  nerves,  since  the  velocity  of  the 
rrvr-impulse  is  cxcetxlingly  great  (p.  605)  :  and  the  further 
il»servalion  thai,  when  the  ventricle  is  caused  to  contract 
artificial  stimulation  of  the  auricle,  this  delay  is  appreciably 
when  the  stimulus  is  applied  as  far  from  the  ventricle 
ible  than  when  it  is  applied  as  near  to  »t  as  possible.  The 
has  been  attributed  to  the  *  embryonic  '  character  of  the 
snilar  tissue  at  the  junction  of  the  sinus  with  the  auricles 
1!  ..f  the  :uirirles  with  the  ventricles.     But  it  has  never  been 


issue. 
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demonstrated  that  muscular  fibres  with  the  histological  characters  V 
described  do,  as  a  matter  of  fact,  conduct  the  contraction  wave 
so  much  more  slowly  than  the  other  cardiac  muscular  til)res.     It  ^ 
is  just  as  probable,  and  indeed  more  so,  that  whether  the  con-  ■ 
traction  travels  in  any  particular  division  of  the  heart  directly 
from  nmsclc-fihre  to  muscle-tibre  or  not»  the  impulse  to  contrac- 
tion is  transferred  from  each  division  o(  the  heart  to  the  next  by 
a  nervous  mechanism  whose  action  is  timed  with  the  very  object 
of  securing  a  certain  interval  between  the  systoles  of  successive 
divisions.     In  any  case,  since  we  know  that  the  velocity  of  the 
nerve-impulse  is  very  different  in  different  varieties  of  nerves,  tht 
question  cannot  he  decided  by  general  arguments  of  this  kiml. 
In  Limulus,  ^  a  matter  of  fact,  the  velocity  in  the  intrinsic 
heart  ner\'es  is  only  one-tenth  as  great  as  in  the  ordinary  motor 
(limb)  nerves  of  the  animal  {Carlson'. 

!n  the  mammalian  heart  the  alleged  absence  of  muscular  con- 
nection between  the  auricles  and  ventricles  has  led  to  a  very 
general  belief  that  the  link  is  a  nervous  one.  Certainly  there 
is  no  dearth  of  nerves  which  might  serve  as  such  a  bridge. 
But  recent  investigations  have  shown  that  in  the  mammalian 
heart,  too,  a  slender  band  of  muscular  fibres,  arising  on  the 
right  side  of  the  interauricular  septum  below  the  fossa  ovalis, 
passes  forwards  and  downwards  through  the  fibrous  ring  between 
the  auricles  and  ventricles  to  blend  with  the  musculature  of  the 
interventricular  septum.  These  fibres  are  narrower  than  the 
other  fibres  of  the  auricles,  very  rich  in  nuclei,  and  only  slightly 
difterentiated  into  fibrillar.  Their  resemblance  to  embryonic 
fibres  suggests  that  they  may  have  retained  the  primitive 
capacity  of  the  mesodermic  tissue  of  the  embryonic  heart  to 
conduct,  and  even  to  originate,  the  rhythmical  contraction.  But 
while  there  is  no  good  evidence  that  they  constitute  an  automatic 
cardio-motor  centre,  as  some  authors  have  sup]x>sed,  they,  or  at 
least  the  narrow  bridge  of  tissue  in  which  they  lie,  do  seem  to 
play  an  important  part  in  the  conduction  of  the  contraction  from 
the  auricles  to  the  ventricles.  For  compression  of  the  band 
produces  a  block,  just  as  the  pressure  of  a  clamp  in  the  auriculo- 
ventricular  groove  does  in  the  frog's  heart.  With  a  certain 
degree  of  pressure  the  ventricle  beats  only  once  for  two  beats  of 
the  auricle,  with  greater  pressure  only  once  for  three  auricular 
beats,  while  with  a  still  greater  pressure  conduction  is  abolished, 
and  the  ventricle  cither  remains  at  rest  for  a  time,  as  in  the 
frog's  heart,  or,  what  is  much  more  common,  immediately 
starts  beating  with  an  independent  rhythm,  which  is  slower  than 
that  of  the  auricles  (Krlanger).  While  it  can  hardly  be  con- 
sidered certain  that  in  these  observations  nerves  may  not  have 
been  involved  in  the  pressure-block  as  well  as  the  muscle  of  the 


THE  CtnCVLATlON  OF  THE  BLOOD  AND  LYMPH        121 


auriculo- ventricular  band,  it  is  unlikely  that  all  the  nerves 
capable  of  conducting  tlie  impulses  to  contraction  should  be 
pathrrcd  into  such  a  narrow  compass,  and  therefore  the  oxixri- 
nicnt  stion^ly  sup|>cnts  tin-  view  that  the  conduction  is  carried 
out  in  the  muscular  tissue.  And  if  the  conduction  o)  the  excita- 
tion from  auricles  to  ventricles  is  accomi»lishccl  by  a  muscular 
connection,  it  is  natural  to  supjx>se  that  the  co-ordination  of 
symmetrical  portions  of  the  heart  on  either  side  of  the  longi- 
tudinal axis,  the  co-ordination  in  virtue  of  which  the  two  auricles 
contract  together  and  the  two  ventricles  together,  is  also  achieved 
by  the  passage  of  impulses  through  the  muscular  tissue.  In 
accordance  with  this,  it  has  been  shown  that  the  ventricles  in 
the  dog  and  cat  continue  to  beat  in  luiison,  after  the  attempt 
has  Iwen  made  to  sever  any  nerves  connecting  them  by  extensive 
zigjcag  incisions,  so  long  as  they  are  united  by  a  narrow  bridge 
of  muscle  (Porter). 

In  the  case  of  tlie  warm-blootled  heart  a  complete  breakdown 
of  co-ordination  occurs  under  certain  circumstances,  protlucing 
the  phenomenon  known  as  fibrillary  contraction,  or  delirium 
cordis,  a  condition  in  which  each  minute  portion,  perhaps  each 
fibre,  of  the  whole  heart,  or  a  ]x>rtion  of  it,  goes  on  contracting 
in  a  disorderly  manner,  quite  independently  of  the  rest.  The 
condition  is  often  seen  in  a  heart  that  has  been  exposed  for  some 
lime,  particularly  in  the  ventricle,  and  can  l>e  induced  by  stimu- 
lating it  with  strong  induction  shocks  or  by  ligation  of  the  coronary 
arteries.  There  is  no  reason  to  believe  that  fibrillary  contraction 
is  connected  with  the  loss  of  impulses  from  any  special  co-ordinat- 
ing centre,  for  it  is  not  i>eculiar  to  the  heart,  but  is  typically  seen 
in  the  tongue  when  the  circulation  after  a  long  interruption  is 
restored.  The  iK'culiar  '  boiling  '  movement  is  exactly  similar 
lu  that  observed  in  the  heart. 

Without  entering  further  into  a  discussion  of  the  rival  hypo- 
theses, we  may  sum  up  by  saying  that  for  one  heart  {that  of 
Limuius)  the  automatism  and  the  rhythmical  power  have  been 
cU^rly  shDwn  to  reside  in  the  local  nen^ous  apparatus  ;  for  the  hearts 
of  other  animals  full  and  formal  proof  of  the  neurof^enic  theory^  so 
far  as  those  two  properties  of  the  cardiac  tissue  are  concerned,  has 
not  he-en  giirw.  //  is  probable,  but  not  proven.  As  regards  the 
conduction  and  co-ordination  of  the  conlraciion,  the  bulk  of  the 
evidence  {leaving  the  Limulus  heart  oni  of  account)  points  to  the 
muscular  tisnue  as  the  channel  through  which  the  effective  impislses 
pass.  The  normal  order  or  seqtunce  in  which  the.  different  parts 
of  the  heart  contract  depends  upon  the  fact  that  the  automatism  of 
the  upper  pcjrtions  is  more  pronounced  than  that  of  the  lower,  so 
thiS  under  striith  physiological  conditions  the  contraction  is  only 
Propagated,  and  not  origituited,  by  the  lawer  parts  of  the  heart.  When, 
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however,  the  sipnal  to  ciintraction  normally  ^iven  by  the  basal 
region  is  jiievenleil  Ihmu  reaching  the  lower  parts,  an  independent 
automatic  rhythm  of  the  latter  may  l>e  developed,  as  in  the  case 
of  the  mammalian  ventricle  mentioned  above.  Here  we  may 
suppose  tliat  tin-  automatic  merhanism  of  the  lower  portions  of 
the  heart  disrhari^es  itself  as  soon  as  a  sutTicient  accumulation 
of  energy  l^^i-s  taken  [tlace  in  it.  althoui^h  it  requires  a  longer  time 
to  reach  the  point  of  discharge  ttian  the  automatic  mechanism 
of  liigher  parts,  and  therefore  is  normally  discharged  from  above. 
Under  certain  conditions  the  normal  sequence  can  be  reversed. 
In  the  heart  of  tlie  skate  it  is  easy,  by  stimulating^  the  bulbus 
arteriosus,  to  cause  a  contraction  passing  from  Imlbus  to  sinus. 
The  power  of  propafT'iting  the  contraction  may  also  be  artificially 
altered.  As  already  rnentionrd,  it  may  l^e  diminished  or  abolished 
by  pressure.  The  same  effuct  may  be  produced  by  fatigue  or 
cold,  while  heating  a  portion  of  the  heart  in  general  increases  its 
power  of  conducting  the  contraction. 

Chemical  Conditions  of  the  Beat. — When  \vv  have  localized 
the  essential  mechanism  of  the  rliytlmiical  beat  in  the  nervous 
or  in  the  muscular  elements,  the  question  may  still  be  asked 
what  the  chemical  and  physical  conihtions  are  which  are 
necessary  to  its  maintenance.  While  it  is  known  that  a  supi>ly 
of  arterial  blood  at  or  near  body-temperature,  and  imder  a 
sufficient  pressure,  is  required  for  permanent  cardiac  contrac- 
tion, much  simpler  solutions  will  suffice  to  maintain  the  activity 
even  of  the  isolated  mammalian  heart  for  a  considerable 
time.  One  of  the  best  of  these  rs  a  solution  containing  sodium 
chloride,  potassium  chloride,  calcium  chloride,  and  sodium  bicar- 
bonate in  the  projiortJons  in  which  they  exist  in  bJood-scrum, 
with  the  addition  of  a  small  quantity  of  dextrose  (Locke).  When 
this  solution,  properly  oxygenated  and  warmed,  is  circulated 
through  the  coronary  vessels  of  an  excised  rabbit's  or  cat's 
heart,  strong  and  regular  beats  mav  be  *)l)served  for  many  hours. 
Some  investigators  have  claimed  for  sodium  chloride,  and  even 
for  sodium  ions,  others  for  calcium  salts  or  calcium  ions,  a 
special  r6le  in  the  origination  or  maintenance  of  the  rliythmical 
beat.  There  is  no  doubt  that  strips  from  the  ventricle  of  the 
tortoise  or  turtle,  which  after  isolation  never  contract  automati- 
cally, and  if  left  to  themselves  in  a  moist  chamber  do  not  develop 
rhythmical  contractions,  begin  after  a  while  to  beat  when  im- 
mersed in  or  irrigated  with  a  solution  of  sodium  chloride  or  a 
solution  of  cane-sugar  containing  a  little  of  that  salt.  They 
refuse  to  beat  in  any  solution  which  does  not  contain  sodium 
chloride  (Lingle).  The  addition  of  calciiun  chloride  to  the 
sodium  chloride  solution,  or  preliminary  treatment  of  the  strip 
with  a  solution  of  a  calcium  salt  l)e[ore  its  immersion  in  the 
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sodium  chloride  solution  hastens  the  onset  of  the  contractions, 
and  increases  the  length  of  time  for  which  they  are  kept  up 
(Erlanger).  It  is  unquestionable  that  for  the  normal  beat  of  the 
heart  the  presence  of  both  salts  is  one  of  the  necessary  conditions, 
but  there  is  no  solid  foundation  for  the  view  that  either  the  one 
or  the  other  acts  as  a  s|>ecial  chemical  excitant  of  the  automatic 
contraction. 

Resuscitation  of  the  Heart. — Not  only  ran  the  beat  of  the 
freshly-excised  mammalian  heart  be  long  maintained  by  artificial 
circulation,  but  many  hours  or  even  days  after  somatic  death 
jnilsation  may  Ix*  restored  by  the  jxrfusion  of  such  a  solution  of 
inorganic  salts  as  Locke's  {]■.  122)  through  the  coronar>*  vessels. 
Knliabko  in  this  way  was  able  to  restore  a  rabbit's  heart  which 
liad  been  kept  forty-four  hours  in  the  ice-chest.  Even  after  an 
interval  of  three  to  five  da>'s  from  the  death  of  the  animal,  in  other 
experiments,  pulsation  returned  in  certain  parts  of  the  heart,  while 
twenty  hours  after  death  from  do\ible  pneumonia  the  heart  of  a 
boy  three  months  old  was  restfired,  and  went  on  beating  for  over 
an  hour.  He  obtained  also  more  or  less  complete  restoration  of 
the  beat  in  the  hearts  of  persons  dead  from  bronchitis  combined 
with  peritonitis  or  meningitis,  and  from  cholera  infantum,  but  was 
unsuccessful  in  cases  of  diphtheria  complicated  with  septicaemia 
or  eiysipelas,  and  in  cases  of  pleurisy  with  effusion.  It  is  to  be 
remarked,  however,  that  although  l>eats  of  a  kind  can  be  obtained 
a  long  lime  after  death,  they  are  either  confined  to  the  auricles 
or  to  portions  of  them,  or,  if  they  involve  the  ventricles  too.  they 
are  only  shallow  and  hx*al  contractions,  csj>ecially  seen  in  the 
neightK>urhood  of  the  larger  coronary  vessels,  and  are  utterly 
inadequate  to  the  maintenance  of  an  efficient  circulation.  The 
heart  ran  also  be  resuscitated  in  situ  for  some  time  after  complete 
stopjKige  without  the  injection  of  any  solution  by  clamping  the 
aorta  in  the  thorax  and  practising  direct  cardiac  massage,  the 
lower  end  of  the  animal  at  the  same  time  being  elevated  to  allow 
blood  to  pass  out  of  the  engorged  abdominal  veins  to  the  right 
auride.  The  clamping  of  the  aorta  |>ermits  a  sufficient  pressure 
to  be  attained  for  the  filling  of  the  coronary  arteries.  Tlie 
injection  of  adrenalin  into  the  blood  has  also  l>een  recom- 
mended as  a  means  of  raising  the  blood-pressure  by  constricting 
the  small  arteries,  and  stimulating  the  action  of  the  cardiac 
mxiscle.  The  possibility  of  restoration  of  the  mammalian 
heart  many  hours  after  somatic  death  has  been  considered  by 
some  a  strong  argument  for  the  myogenic  theory  of  cardiac 
automatism,  since,  they  say,  it  is  improbable  that  ganglion-cells, 
elsewhere  such  physiologically  fragile  structures,  should  in  the 
heart  retain  their  vitality  for  so  long  a  time.  But  it  is  easy  to 
overdo  this  argument,  and  we  must  not  assume  without  proof 
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that  ganglion -eel  Is  in  all  parts  of  the  body  have  an  equal  capacity 
of  siir\Mval.  Indeod,  we  know  that  tliere  are  great  differences, 
the  nervous  mechanism  concerned  in  respiration,  t'.^.,  being 
capable  of  restoration  when  the  circulation  is  renewed  after 
total  artiemia  of  the  brain  and  cervical  cord  lasting  for  as  much 
as  an  hour  {in  cuts),  while  the  nervous  mechanism  concerned 
in  voluntary  movements  cannot  be  completely  restored  after 
sucli  an  interval  ((iiithrie  and  Stewart).  It  is  very  probable 
that  the  cardiac  ganglia,  if  the  all-imjwrtant  automatic  function 
of  the  heart  depends  upon  them,  are,  like  the  cardiac  muscle, 
endowed  with  exceptifmal  powers  of  resistance  to  those  changes 
which  constitute  death  The  }>ossibility  also  must  not  be  over- 
looked that  the  contractions  obtained  after  such  long  intervals 
arc  not  truly  liutomatir,  but  similar  rather  to  the  rhythmical 
beats  developed  under  the  influence  of  pressure  in  the  frog's  apex 
preparation  or  by  immersion  in  salt  solutions  of  tortoise  ventricle 
strips. 

In  addition  to  its  marked  power  of  rhythmical  contraction, 
the  cardiac  muscle  is  distinguished  from  ordinary  skeletal 
muscle  by  other  peculiarities.  The  most  striking  of  these  is 
that  '  it  is  everything  or  nothing  with  the  heart  ';  in  other 
words,  the  heart  muscle,  when  it  contracts,  makes  the  best 
effort  of  which  it  is  capable  at  the  time  ;  a  weak  stimulus,  if 
it  can  just  produce  a  beat,  causes  as  great  a  contraction  as  a 
strong  stimulus.  Another  peculiarity  is  that  a  true  tetanus 
of  the  cardiac  muscle  cannot  be  obtained  at  all,  or  only  under 
very  s]>ecial  conditions.  When  the  ventricle  of  a  normally 
beating  frog's  heart  is  stimulated  by  a  rapid  series  of  induction 
shocks,  its  rate  is  generally  increased,  but  there  is  no  definite 
relation  between  the  number  of  stimuli  and  the  number  of 
beats.  Many  of  the  stimuli  are  ineffective.  In  the  same  way 
a  portion  of  the  heart,  such  as  the  apex  of  the  ventricle,  when 
stimulated  in  the  q\nescent  condition  by  an  intcniipted  current, 
responds  by  a  rhythmical  series  of  beats,  and  not  by  ^t  tetanus. 
It  is  evident  that  the  cardiac  muscle,  like  ordinary  striped 
muscle,  is  for  some  time  after  excitation  incap>ab]e  of  responding 
to  a  fresh  stimulus — i.e.,  there  is  a  refractory  period.  But  this 
is  immensely  longer  in  cardiac  than  in  skeletal  muscle.  When 
the  phenomenon  is  analyzed,  it  is  found  that  a  stimulus  failing 
into  the  heart  muscle  between  the  moment  at  which  the  con- 
traction begins  and  the  moment  at  which  it  reaches  its  maximum, 
produces  no  effect — is,  so  to  speak,  ignored.  When  the  stimulus 
is  thrown  in  at  any  point  between  the  maximum  of  the  systole 
and  the  Iwginning  of  the  next  contraction,  it  causes  what  is 
called  an  extra  contraction.  The  extra  contraction  is  followed 
by  a  longer  pause  than  usual — a  so-called  compensatory  pause 
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— which  just  restores  the  rhythm,  so  that  the  succeeding  systole 
falls  in  the  curve  where  it  would  have  fallen  had  there  been  no 
extra  contraction  (Fi^.  49J.  The  refractory  iHiritxl  is  shorter 
for  stronger  than  for  weak  stimuli,  and  is  markedly  diminished 
by  raising  the  lcmi>erature  of  the  heart.  So  that  stimulation  of 
the  heated  heart  with  a  scries  of  strong  ii^duction  shocks  may  cause 
a  tetaniform  condition,  if  not  a  typical  tetanus.  'ITie  contraction 
of  the  normally  Ixiating  heart  is  really  a  simple  contraction,  and 
not  a  tetanus.  The  capillary  electrometer  shows  only  the 
electrical  changes  corresponding  to  a  single  contraction  (p.  645) ; 
and  when  the  nerx'c  of  a  nerve-muscle  preparation  is  laid  on 
llie  heart,  the 
muscle  re- 
s|)onds  to  each 
heat  h  y  a 
simple  twitch. 
and  not  by 
tetanus  (p, 
i68). 

Like  ordi- 
nary skeletal 
muscle,  the 
cardiac  muscle 
is  at  first  lx*ne- 
ftted  by  con- 
traction, so 
that  when  the 
apex  is  stimu- 
latedatregular 
intervals,  each 
contraction  is 
somewhat 
stronger    than 

the  preceding  one.  To  this  phenomenon  the  name  of  tlie  stair- 
case or  *treppe'  has  been  given  from  the  appearance  of  the 
tracings  (p.  569). 

The  Extrinsic  Nervous  Mechanism  of  the  Heart. — While, 
as  we  have  seen,  the  essential  cause  of  the  rhythmical  beat  of 
the  heart  rt»sides  in  the  tissue  of  the  heart  itself,  it  is  constantly 
affected  by  impulses  that  reach  it  from  the  central  ner\ous 
system,  the^e  imjmlses  are  of  two  kinds,  or,  rather,  produce 
two  distinct  effects  :  inhibition,  or  diminution  in  the  rate  or 
force  of  the  heart-beat,  and  aupncntation ,  or  uicreasc  in  the 
rate  or  forte.  Both  tlie  inhibitory  and  the  augmentor  impulses 
arise  m  the  medulla  oblongata,  and  i>erhaj>s  a  narrow  zone  of 
the  neighbouring  |»ortion  of  the  cord  ;  and  they  can  Ix*  arliticially 


FiC.    4    .  — KfpKACTOHV  PimOD   ASfP    COHFtHSATOIIY   pACSK 

(Mari-v). 
A  frQK'«  heart  was  stiinulaled  At  a  point  corresponding  tu 
the  nirk  in  \ht  horizontal  line  beluw  pacb  curve.    In  1  and  3 
there  was  no  response ;  in  3  and  4  there  was  an  extra  con- 
traction, succcrded  by  a  compensatury  pause. 
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excited  by  stimulation  in  this  region.  They  pursue  their  course 
to  the  heart  by  fibres  which  may  in  certain  animals  be  mingled 
togetlier,  but  are  anatomirally  distinct.  We  inuy,  therefore, 
divide  the  extrinsic  or  externa!  nervous  meclianism  of  the  heart 
into  a  cardio-inhibitory  centre  with  its  efferent  inhibitory  nerve- 
ftbres  and  a  cardio-augmentor  centre  with  its  efferent  accelerator 
or  augmentor  fibres.  Both  of  those  centres,  as  we  shall  see, 
have  also  extensive  relations  with  afferent  nerve-fibres  from  all 
parts  of  the  body,  including  tlie  heart  itseU. 

It  was  in  the  vagus  of  the  frog  that  inhibitory  nerves  were 

first  discovered  by  the  brothers 
Weber  more  than  fifty  years  ago, 
iind  even  now  our  knowledge  of  the 
Lardiac  nervous  mechanism  is  more 
comi)lele  in  this  atiinuil  than  in  any 
other.  We  shall,  therefore,  first 
describe  the  phenomena  of  nihibition 
and  augiueutation  as  we  sec  them  in 
the  heart  of  the  frog,  and  then  pass 
on  to  the  mammal. 


In  tho  froR  the  inhibitory  fibres  leave 
'.he  medulla  oblongata  in  the  %-agus 
nerve.  The  augmentor  fibres  comr  of! 
from  the  iipjx^r  p?.rt  of  the  spinal  cord 
by  a  branch  from  the  third  nerve  to  the 
third  sympathetic  ganglion,  and  thence 
find  their  way  alonu  the  sympathetic 
cord  to  its  junction  with  the  vagus,  in 
which  they  run,  min^lpd  with  the  in- 
hibitorv  fibrt'S,  down  to  the  heart. 


Fig.    5: 


DiAOKAM     OP     Itx- 
TRINS1C     NkKVES     of     FrOC's 

Heart  <AFTtH  Fosteb). 

III.  3rd  spinal  nerve:  AV, 
annulus  of  Vicussens  ;  X.  re  "is 
of  x-agus  :  IX,  glowo-pharyngca' 
nerve  ;  VS.  combined  vy»riis  and 
symp.it  he  tic  ;  i,  ;.  and  \,  ihv  i«l, 
2iid,  iuid  ud  syiiipalhotir  gansi- 


Ua.  Tin*  dark  Iiiir  indirate*;  the 
course  of  Ihv.  sjTupathelir  filiros. 
The  arrows  show  the  direction 
of  the  augmentor  impulses. 

be,  any  marked  slowing. 


When    the    vago  -  sympathetic    in 
the   frog    or    toad    is    cut,    and    its 

})enpheral  end  stimulated,  the  heart 
in  the  vast  majority  of  cases  is 
stop]  led  or  slowed,  or  its  heat  is 
difitinetly  weakuiied  without,  it  may 
In  other  words»  the  rate  at  which 
the  heart  was  working  before  the  stimulation  is  greatly 
diminished,  or  reduced  to  zero.  Stich  an  effect,  a  diminution  of 
the  rate  of  working,  we  call  Inhibition.  What  precise  form  the 
inhibition  shall  lake,  whether  the  stopi)age  shall  bu  complete  or 
partial,  apjxjars  to  depend  partly  uj)on  the  strengtli  of  the 
stimulus  used  and  partly  upon  the  state  of  the  heart  itself. 
Some  hearts  it  may  be  im]_iossible  to  stop  with  weak  stimulation, 
although  other  signs  of  inhibition  may  be  distinct,  while  they 
arc  readily  stopi>ed  by  stronger  stimulation.     In  other  cases 
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the  strongest  stimulation  may  not  produce  complete  standstill. 
'Agam,  a  heated  heart  may  be  more  readily  brought  to  standstill 
by  stimulation  of  the  vagus  than  a  heart  at  the  ordinary  tem- 
perature or  a  cooled  heart. 

But  there  are  other  points  of  imj>ortancc  to  be  noted  in  regard 
to  Uiis  inhibition  :  (i)  It  does  not  begin  for  a  little  time  atter 
stimulation  has  begun.  In  other  words,  there  is  a  distinct 
latent  period  ;  and  the  length  of  this  latent  period  is  related  to 
the  phase  of  the  heart's  contraction  at  which  the  stimulus  is 
thrown  in,  and  to  the  rate  at  which  lliu  heart  is  beating.  As  a 
general  rule,  the  heart  makes  at  least  one  beat  before  it  stops. 


Fio.  51. — Tracinc,  prom  Froc/s  Heart.""* 

A.  AurktUar,  V,  vcitlriculir  tracing.  Siiiu«  stiiniiUted  (primary  coil  70  mm. 
lary).  Heart  at  tem|>crAturr  it -3^  C.  Complrte  standstill.  Tbc 
betwcrn  (he  curves  marks  intervals  of  two  seconds. 

(2)  Tlw   inhibition   docs  not   continue   indefinitely,   even   if 

>ttm\ilation  of  the   nerve   is  kept   up.       Sooner  or   later,   and 

[Usually,  in  (act,  after  an  interval  of  a  few  seconds,  the  heart 

flvgins  again  to  heat  if  it  has  been  completely  stopped,  or  to 

[quicken  its  beat   if  it  has  only  Ix'en  slowed,  or  to  strengthen 

it  if  the  inhibition  has  only  weakened  the  contraction,  and  it 

regains  its  old  rate  of  working.     Not  only  so,  but  very 

fcftm  there  follows  a  longer  or  shorter  period  during  which  the 

leart  works  at  a  gre-ater  rate  than  it  did  before  the  inhibition, 

this  greater  rate  of  working  may  be  manifested  by  increased 
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frequency  of  beat,  or  increased  strength  of  beat,  or  by  both. 
When  the  temperature  of  the  heart  is  low,  increased  frequency  ; 
when  it  is  high,  increased  strength,  is  generally  seen  diu^ing  this 
period  of  tuxtmdary  augmentation*  The  cause  of  this  secondary 
augmentation,  diid  of  the  primary  augmentation  sometimes  seen 
in  fresh  preparations  and  often  in  hearts  that  have  been  long 
exposed  (Fig.  54),  excited  much  speculation  before  it  was  known 
that  sympathetic  fibres  existed  in  the  vagus.  There  is  no  longer 
any  doulit  that  it  is  fUie  to  the  sf iniulation'of  these  accelerator 
or,  as  it  is  better  to  call  them  (smce  mere  acceleration  is  not  the 
only  consequence  of  their  stimulation),  atipnentor  fibres  in  the 


Fhog's   Heart:  Vagus  Stimulater. 


Tprupfrutuic  of  hcdrt  8"  C,  78  unit,  between  the  cuils.  Dintinutiou  in  force  of 
auric'e  and  ventricle,  bm  nut  complete  stand<ttill.  Time  tracing  shows  two-second 
intervals. 

mixed  nerve.  For  (i)  excitation  of  the  roots  of  the  vagus  proper 
within  the  skull,  and  therefore  above  the  junction  of  the  sympa- 
thetic fibres,  causes  no  secondary  augmentation,  or  very  little, 
and  the  inhibition  lasts  far  longer  than  when  the  mixed  trunk  is 
stimulated, 

13(2)  Excitation  of  the  upj->er  or  cephalic  end  of  the  sympathetic 
cord  before  it  has  joined  the  vagus  causes,  after  a  relatively  long 
latent  jx^riod,  marked  augmentation.  And  if  the  contractions 
of  the  heart  are  registered,  the  tracing  l>ears  a  close  resemblance 
to  the  curve  of  secondary  augmentation  following  excitation  of 

•  Augmentation  is  termed  *  secondary  '  when  it  i»  preceded  by  inhibi- 
tion. *  primary  '  when  it  is  not  so  preceded. 
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mixed  nerve  on  the  other  side  with  an  equally  strong  stimulus 
and  for  an  equal  time. 

(3)  \Vlien  the  vago-s>Tnpathetic  is  stimulated  weakly   there 
little  or  no  secondary  augmentation.     Now,  it  is  known  that 
»e  augmcntor  fibres  require  a  comparatively  strong  stimulus 
cause  any  effect  when  they  are  separately  excited,  whereas 
weak  stimulus  will  excite  the  inhibitory  fibres. 
The  question  arises  at  this  point,  why  it  is  that,  when  the 
libitory  and  augmentor  fibres  are 
imulated    together    in    the    mixed 
'c  (and  the  same  is  true  when 
ipathetic  on  one  side  and  the 
on  the  other  are  stimulated  at 
»e  same  lime),  the*  inhibitory  effect 
rays  comes  first,  when  there  is  any 
ihihitory  effect,  while  the  augmenta- 
>n  always  has  to  follow.  The  answer 
IS  sometimes  been  given,  that  the 
Ltent  peritKl  of  the  augmentor  fibres 
longer  than  that  of  the  inhibitory 
But  although  this  is  certainly 
case,  the   answer  is  insuJficient. 
f!cw  the  |)eriod  of  postponement  may 
much    greater    than    the    latent 
!ii*xi  of  the  s>Tnpathetic  fibres  when 
imulated  by  themselves.     The  in- 
ibition  apparently  runs   its  course 
ithout  being  affected  by  the  simul- 
icous    augmentor   effect,    which, 
ing  latent  until  the  end  of  the  in- 
itution,  then  bursts  out   and  com- 
:tcs  Its  own  curve.     It  is  not  Uke 
le   passing  of   two  waves   through 
:h  other,  but  rather  like  the  sto|>- 
of  one   wave  until  the  other 
passed    by.      It    seems    as    if 
lentation  cannot  develop  itself 
the  presence    of    inliibition — at 

it,   until   the   latter   is  nearly  spent.      Like  a  musical-box 
sviscd  to  play  a  series  of  melodies  in  a  fixed  order,  and  from 
lich  a  particular  tune  cannot  be  obtained  till  those  preceding 
have  been  run  through,  the  heart,  in  some  way  or  other, 
arranged,   in   the  presence  of  competing  impulses  from  its 
nerves,   to   play   the  tune  of    inhibition    before  the 
of  augmentation.     In  the  frog,  at  any  rate,  the  two  pro- 
can  hardly  be  considered  as  antagonistic,  in  the  sense 

9 


Fig.   .si. 

A  ia  a  curve  representing  in 
An  experiment  the  rate  of  the 
heart  tiefore  stimalation  of  the 
ftvinpatbettr,  and  B  the  m^ixi* 
mum  r:itr  after  stimulation,  the 
number  of  beats  pt-r  loo'  being 
laid  off  along  the  verliral.  the 
temperature  of  the  heart  ^Uong 
the  hnrizontal  axi&.  C  is  a 
curve  showing  the  ratio  of  the 
frequenry  after,  to  that  before 
stimulatioQ  of  the  sympathetic. 
D  shows  the  absolute  amount  of 
acceleration  at  the  various  tern- 
pcxatures,  the  ordinates  being 
the  excepts  of  the  rate  after,  over 
ttiat  before  stimulation. 
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that  a  definite  amount  of  augmentor  excitation  can  overcome 
a  definite  amount  of  inhibiluiy  excitation.  Nor  is  it  the  case 
that  when  tlie  heart  is  played  upon  at  tlie  i^jime  lime  by  im- 
pulses of  both  kinds,  it  pits  them  af,'ainst  each  other  and  strikes 
the  balance  accurately  between  them.  It  is  jxjssible,  however^ 
that  when  the  inhibitory  libres  are  very  weakly,  and  the  aug- 
mentor  fibres  very  strongly  stimulated,  the  amount  of  inhibi- 
tion may  be  somewhat  diminished.  In  mammals,  on  the  orher 
hand,  a  true  antagonism  seems  to  exist  ;  and  stimulatiou  u{  tite 


Fic. 


ll.VRT. 


.A,  auricular  ;  V,  ventricular  traciuK.     Ventricle  b&aling  very  feebly.     Vagus 
stimulated  (60  min.  bL'twct-n  cuiU).     Marked  augmentatinn  wf  vcutricular  beat. 

inhibitory  nerves   is   less  effective  when   the   augmentors  are 
excited  at  the  same  time. 

In  mammals  (and  in  what  follows  we  shall  restrict  ourseIve.s  to 
the  dog,  c;Lt,  and  rjibbit.  as  it  is  in  these  animals  that  the  subject 
lias  been  cliitfrtv  studied)  the  inhibitory  fibres  run  down  the  vagus 
in  the  neck  and  reach  the  lieart  by  its  cardiac  branches.  Thev  are 
derived  from  the  bulbar  roots  oi  the  spinal  accessory,  whose  inner 
brancli  joins  the  vagus.  The  aunmentor  fibres  leave  the  spinal  cord 
in  the  anterior  roots  of  the  second  and  third  thoracic  nerves,  and 
jmssibly  to  some  extent  by  the  fourth  and  hflh.     Through  the  corre- 
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Lg  white  rami  communicantcs  they  reach  the  sympathetic 

Icord,  and  running;;  up  through  the  stellate  ganglion  (first  thoracic), 

•and  the  .innuhis  of  Vicusscns,  which  surrounds  the  subclavian 
artery',  tn  the  inferior  cervical  ganglion,  they  pass  off  to  the  heart 
by  separate  '  accelerator  '  branches,  taking  origin  cither  from  the 
aumulus  or  from  the  inferior  cervical  ganglion.  Some  augmentor 
fibres  are  often,  if  not  always,  present  in  the  dog's  vago-sympathetic 
in  the  neck.  It  is  e6}>e>cially  easy  to  demonstrate  their  presence  five 
ur  six  days  after  section  of  the  nerve, 
when  the  excitability  of  the  inhibitory 
fibres  has  disappeared. 

In  the  dog  the  vagus  and  cervical 
svmpathotic  are,  in  the  great  majority' 

I  of  cases,  contained  in  a  strong  common 

jBhcath.  and  pass  together  through  the 

[Inferior  cervical  ganglion.     Upon  ojx^n- 

[in*;  this  sheath  they  may  with  care  be 

■separated,  the  fibres  running  in  distinct 
Btr.tnds.  and  not  mixed  together  as  in 
tlir  vago-sympalhetic  of  the  frog.     For 

(aimc  distance  below  the  superior 
rervical  ganglion  the  cervical  s\Tnpa- 

[thctic  is  not  connected  with  the  vagus. 
md  here  the  nerves  may  be  separately 

i»timuUtcd  without  any  artificial  isola- 
tion, but  the  electrodes   must  be  very 

iVcIl  ln«^ulated,  as  the  available  length 

;©(  ner\'c  is  small. 

In  the  rabbit,  cat,  horse,  and  some 

[other  mammals,  the  vagus  and  sym])a- 

Ithctjc  run  a  separate  course  in  the 
tccV. 


Flli.    5    .  —  DlACRAH   OP  CaHPIAC 
NCKVES    l\    THE     I-)00    (AFTER 

Foster). 

II.  III.  second  aiid  third  dor- 
5.^1  nerves  ;  S.\,  subcJavian  ar* 
terv  :  AV.  anntilus  i>(  Viciwsens  ; 
ICG.  inferior  cervical  K^n^lirm  ; 
CS,  rervicaJ  s^inpdthetic  ;  1.  firnl 
thoradr  or  stellate  KaagUon  ttf 
the  synipathrtir  ;  2,  second 
thoracic  gangliuu  ;  Ac,  accele- 
rator or  augmentor  fibres  pass* 
iag  off  towards  the  heart  :  X. 
roots  of  vagus:  \I.  roots  of 
spinal  accessory :  JG,  jugular 
ganRliun  :  GTV,  ganglion  trund 
vagi ;  In.,  inhibitory  fibres  pass< 
ing  of!  towards  the  heart. 

Tntriclc  take5  the  time  from  the 
iriclc.  The  strength  of  the  ventricular  contractions  is  not  at 
tl  diminished^  even  when  the  auricle  is  beating  very  feebly 
luring  inhibition.  When  the  auricle  is  completely  stopjKd, 
rhicli  d()es  not  occur  so  readily  as  in  the  frog,  the  ventricle 
stops  for  a  short  time,  but  soon  begins  to  beat  again  with 
ident  rhythm  of  its  own.     In  the  frog  the  ventricle 

9—2 


The  effects  of  stimulation  of  the 

'agus   or    vago-synipathetic    in   the 

lammal  are  very  much  the  same  as 

the  frog,  except   that   secondary 

tugmentation     is     in     general     less 

larked,    though    often    present    in 

ome  degree,  and  that  in  the  mammal 

the  inhibitory  fibres  have  no  direct 

ictton  on   the  ventricle.     It   indeed 

Lis  more  slowly  when  the  auricle 

is  slowed,  but  this  is  only  because 

in  the   normally  beating  heart   the 
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is  directly  affected  by  stimulation  of  the  vagus,  and  the  force 
of  its  boats  is  diminished  independently  of  the  inhibitory  effects 
in  the  auricles  (Practical  Exorcises,  i>p.  i()2,  167). 

The  iiihibitoiy  tibres,  then,  influence  the  heart  particularly 
through  the  auricles  ;  they  are  par  excdlencc  auricular  nerves. 
On  the  other  hand,  the  accelerantes  in  all  mammals  which  have 
been  investigated  not  only  extend  to  the  ventricles,  but  are 
even  mainly  distributed  to  them.  They  are  emphatically  ven- 
tricular tibres,  and  ia  accordame  with  its  greater  mass  the  left 
ventricle  receives  more  fibres  than  the  right. 

Stimulation  of  the  accelerator  nerves  in  the  dog  causes  an 
increase  in  the  force  of  both  Ihe  auricular  and  ventricular  con- 
traction, and,  as  a 
rule,  in  addition, 
some  increase  in  the 
rate  of  the  beat. 

As  to  the  nature 
of  the  physiological 
linkage  between 
the  cardiac  nerves 
and  the  muscular 
tissue  of  tlie  heart 
we  know  but  little. 
It  has  been  stipposed 
thatwithin  the  heart 
itself  there  may 
exist  peripheral 
nervous  mechanisms 
which  mediate  be- 
tween the  nerves 
and  the  muscle.  We 
have  already  given 
reasons  for  assign- 
ing to  the  intrinsic 
cardiac  nervous 
mechanism  an  imixirtant  share  in  the  maintenance  of  the  rhyth- 
mical beat.  If  this  be  the  case,  it  is  natural  to  assume  that 
the  extrinsic  nerves  act  on  the  heart  muscle  not  directly^  but 
through  the  ganglion-cells.  Some  of  these  cells  lie  on  Ihe  coiu^se 
of  the  vagus  fibres,  and  although  the  view  has  been  advocated 
that  they  are  simply  stations  where  the  inhibitory  impulses  pass 
from  medullated  to  non-mediiHated  tibres,  and  where  possibly 
other  imatomical  changes  and  reaiTangements  occur,  they  may 
just  as  well  be  important  intermediate  mechanisms  which 
essentially  modify  the  phy^^iological  impulses  falling  into  them, 
and  shape  the  visible  results  that  follow  those  impulses.     The 


Fig.  5'»- — Blood-pressuri;  Tracing:  Rabbit. 

Vagus  sUmulateJ   at    i.     Stimulus  stronger  in  B 
than  in  A  (Hiirthlc's  spring  Tnanomrter). 
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nem  accelerantes  arc  already  non-medullated  before  they  reach 
the  heart,  and  it  is  not  known  whether  they  make  connection 
with  intracardiac  ganglion-cells.  The  fact  that  the  action  of 
the  accelerantes  can  be  restored  by  perfusing  the  heart  with 
a  nutrient  solution  at  a  much  longer  interval  after  somatic  death 
than  the  action  of  the  v«agus  strengthens  the  suggestion  that 
gangli(m-cells  are  interposed  on  the  inhibitory  though  not  on 
the  augmentor  path,  without,  however,  proving  of  itself  that 
uch  a  difTerence  exists.  In  one  exj>erimcnt  the  heart  of  an 
anthropoid  ape  was  revived  when  three  successive  periods — viz.. 
four  and  a  half,  twenty-eight  and  a  half,  and  hfty-three  hours 
resjKsclively — had  elapsed  after  the  death  of  the  animal,  although 
thiring  the  last  period  the  heart  had  been  twice  frozen  hard.  The 
vaifus  was  shown  to  be  still  caj>able  of  causing  some  inhibition 
six  hours  after  death,  and  the  accelerans  some  augmentation  as 
late  as  fifty-three  hours  after  death  (Hering). 

In  the  discussions  that  have  arisen  over  the  relation  of  the* 
extrinsic  to  the  intrinsic  cardiac  nervous  apparatus  appeal  has 
equently  been  made  to  the  action  of  certain  poisons  on  the 
eart. 

Thus,  after  nicotine  has  been  injected  sulxutaneously,  or 
(»ainted  directly  on  the  heart  of  a  fr<:»g.  stimulation  of  the  vago- 
sym|»allietic  causes  no  inhibition  ;  it  may  cause  augmentation. 
But  stimulation  of  the  jimction  of  the  sinus  and  auricle  still 
causes  inhibition,  as  in  the  normal  heart.  Curara,  conin^y  and 
other  drugs,  resemble  nicotine  in  this  resj^ect. 

Atroptd  and  its  allies,  such  as  daiurine,  not  only  abolish  the 
hibit<»ry  etiecl  of  stimulation  of  the  vagus  trunk,  but  also  that 
of  stimulation  of  the  junction  of  sinus  and  auricle. 

Mttucarinf,  a  jwison  contained  in  certain  mushrooms  (p.  163), 

caosM  diastolic  arrest  of  the  heart,  which,  when  the  circulation 

is   intact,    becomes   swollen    and    engorged    with    blood.     This 

artinn  takes  place  in  a  heart  already  jxiisoned  with  nicotine  or 

ne  of  its  congeners,  but  not  in  a  heart  under  the  influence  of 

i;i  or  its  allien.     And  a  heart   brought  to  a  standstill  by 

rine  can  ))e   made   to   iK-at  again   by   the  application  of 

ia,  although  not  by  nicotine. 

These  facts  may  be  explained  as  follows :  Nicotine  paralyzes 

t  the  very  ends  of  the  vagus,  but  the  ganglia  through  which 

hbrcs  pass.     Stimulation  of  the  sinus,  which  is  praclic;dly 

ion  of   the  vagus  fibres  between  the  ganglion-cells  and 

-' ular  fibres,  is  therefore  effective,  although  stimulation 

the  ner\'e-lrunk  is  not  (L;mgley).     On  the  otlior  hand,  the 

'opia  group  paraly^Ees  the  nerve-endings  themselves,  so  that 

ither  stimulation  of  the  sinus  nor  of   the  nerve-tnmk  can 

inhibition.     Muscarine,  on  the  contrary,  stimulates   the 
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vagus  fibres  between  the  nerve-cells  and  the  muscle,  or  the 
actual  ncrve-cndings,  and  thus  keeps  the  heart  in  a  state  of 
permanent  inhibition,  which  is  removed  when  atiopia  cuts  out 
the  nerv'e-endiugs.  It  is  quite  in  accordance  with  this  that 
muscarine  has  no  effect  on  a  heart  whose  vagus  nerves,  as  occa- 
sionally happens,  have  no  inhibitory  power.  Pilocarpine  has 
very  much  the  same  action  as  muscarine. 

Some  observers  have  supposed  that,  although  muscarine  and 
pilocarpine  in  larpe  doses  do  act  on  the  nervous  structures  of 
the  sinus*  their  primary  and  chief  etTect  is  to  depress  the  rhyth- 
mical power  of  the  muscle,  wliich  atropia,  an  the  other  hand,  in- 
creases.    And  this  view  gains  a  certain  amount  of  support  from  the 

facts  that  muscarine 
and  atropia  act  very 
much  in  the  same  way 
1  >n  the  heart  of  the 
mammahan  cmbr\'o 
frat.  rabbit,  etc.)  l>e- 
fore  and  fitter  the 
development  ol  its  in- 
trinsic nervous  system, 
and  that  the  passage 
of  ;ui  interrupted  cur- 
rt*nl  through  the  heart 
of  very  ynung  embryos 
causes  distinct  inhibi- 
tion. But,  i'.s  h^s  al- 
ready bl^eu  [minted  out, 
it  is  not  legitimate  to 
transfer  witliout  jques- 
t  ton  to  the  muscleof  the 
fully  developed  heart 
thepraportiesoftheem- 
bryt>nic  cardiac  tissue. 
And.  on  the  other 
hand,  muscarine  fails  to 
affectthe heart  in  many 
invertebrate  animals 
— for  instance,  in  the 
Daphnia  (Pickering), 
Stannius*  Experiment. — Another  series  of  piicnomena,  intimately 
related  to  our  present  subject,  have  excited,  since  they  were  first 
made  known  by  Stannius,  an  enormous  amount  of  discussion.  The 
chief  facts  of  this  cla*^sical  experiment  we  have  already  mentioned 
(p.  ii7),  and  they  are  also  described  in  the  Practical  Exercises 
(p.  161).  They  arc  easy  to  verify,  but  difficult  to  interpret.  One 
explanation  of  the  standstill  caused  by  the  ftrst  lij^ature  is  tliat  the 
lower  portion  of  the  heart,  when  cut  oft  from  the  sinus  in  wliich  the 
beat  normally  originates,  needs  some  time  for  the  development  of 
its  automatic  power  to  the  point  at  which  an  independent  rliythm 
can  be  maintained.  The  effects  following  thi^  second  Stannius 
ligature  are  supj^voscd  to  be  duo  to  stimulali*m  of  the  muscular 
tissue  in  the  auriculo-ventricular  groo\'e  by  the  ligature. 

Another  view  is  that  the  first  ligature  stimulates  the  inhibitory 
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Fig.   57. — Fkoo's  HtAKT. 

Sympathetic  stimulatrd  (30  mm.  between  the 
coils).  Temperature  la*.  Marked  increase  in  force. 
Only  auriciilar  tracing  reprtxiuced.  Time  trace, 
two-scroiid  intervals. 
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nism  {vagus  fibres)  at  tl\e  junction  of  the  Mnus  and  right 
auricle,  a  ^wsition  in  which  it  is  specially  sensitive  to  stimuh.  This 
causes  inhibition  of  the  whole  of  the  heart  below  the  ligature.  The 
second  ligature  cuts  off  the  ventricle  from  the  inliibitory  impulses, 
while  leaving  the  auricle  still  under  their  influence.  The  Stiinnius 
experiment  does  not  succeed  in  the  mammalian  heart. 

Nature  of  Inhibition  and  Augmentation. — So  far  wo  have  been 
discussing  the  pheuumeua  of  inliibitiuu  and  augmentation  as  uUiinatc 
facts.  W'c  Iwvc  not  attempted  to  go  behind  them,  nor  t*)  ask  wliat 
it  is  th^t  really  hapix'os  when  inhibitory  impulses  fall  into  a  heart, 
which  from  the  first  days  of  embryonic  life  has  gone  on  beating  with 

regular  rhythm,  and  in  the  space  of  •  second  or  two  bring  it  to  a 
dstill.  The 
question  cannot 
fail  to  press  itself 
ajK>n  the  mind  of 
anyone     who     has 

evrr  vvitnrSSCd  thiS 

IT  itiful   of 

I  c:il      ex- 

periments ;  but  as 
yet  there  is  no 
swcr  except  in- 
ious  specula- 
bons.  The  most 
plausible  ol  these 
i»  the  trophic 
theory  of  Gaskcll. 
who  sc^  in  tlic 
vagus  a  nerve 
which  so  acts  u|inn 
the  chemical 
chingcs  going  on 
m  the  heart  as 
to  give  them  a 
phic.  or  ana- 
Uc  or  construc- 
tive turn,  and  thus 
to  lessen  for  the 
time  the  destruc- 
ti\*e  changes  under- 
l)nng  ttie  muscular 
contiactian.  The 
aagmentor  nerves,  on  the  other  hand,  are  su|>posrd  to  exert  a 
hmtabotic  inAuence.  and  to  favour  these  destructive  cliaugcs.  And 
*>-.  According  to  Gaskell.  the  natural  consequence  of  mlubition 
stjigc  ol  increased  efliciency  and  working  power  when  Uie 
^uuiit)\tion  has  passed  away,  the  natural  complement  of  augmentabon 
a  temporary*  exhaastioa. 

' -■-   ■•    must  be  refnemberrd  that  this  distinction  is  not  as  yet 

n  any  very  snlid   foundation  of   actually  observed  and 

;:..,. jpreted  facile  while  to  some  ol  the  facts  brought  forward 

favour  nadae  impovlauwa  has  been  given.     For  imitawcc,  a 

tfoctfical  vartatjoa  haa  beea  aaen  in  the  *in\fr^.c.i\\  auricle  of 

tortoise  o«  stimuUting  the  vagaa»  and  a  n  '  'O  in 

quiescent  toad's  %eatrkle  on  stuaulating  ^  <  apll- 


rfrcr'^ 


in 

^bol 


Fig.  s^. — EfFtcT  or  Stimulation  or  Fk^g's  Cakpiac 
Sympathetic  dchimc  Cowri-rTK  SrA^nsTiLt  or  rut 

HSAIIT    AT    Mi-i"   C. 

IJpp«T  trarlng.  auricle ;  lowrr.  vmtricle.     To  bn  read 
frofn  rixhl  to  left.     Tiioe  traop.  two-tecood  iot«rvaAi. 
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thetic.  neither  of  these  variations  apparently  being  accompanied 
with  any  sensible  mechanical  change.  It  has  been  argued  from  this 
(on  the  assumption  that  the  negative  variation  obser\'ed  when  most 
excitable  tissues— muscle  and  nerve,  for  example — are  stimulated,  is 
the  expression  of  destructive  metaboUc  changes  or  kataboUsm). 
that  the  vagus  txas  the  power  of  causing  constructive  (anabolic) 
changes,  and  the  augmentor  nerves  the  power  of  causing  destructive 
{katabolic)  changes,  apart  from  mechanical  effects.  But  all  that 
we  really  know  is  that  electrical  changes  and  chemical  changes  can 
both  be  evoked  in  living  tissues.  We  arc  quite  ippiorant  of  the  rela- 
tion between  the  two.  It  is,  moreover,  doubtful  whether  in  these 
experiments  a  change  of  tone  of  the  heart  muscle,  adequate  to 
account  for  the  obscr^■cd  electrical  effects,  might  not  have  escaped 
detection.  It  is  known  that  excitation  of  the  cardio-augmentor 
nerves  can  cause  rh\Mthmical  contractions  in  the  perfectly  qxiiescent 
heart  of  molluscs,  and  a  sudden  and  prolonged  outburst  of  beats  of 
great  force  in  the  frog's  heart,  which  has  been  brought  to  a  standstill 
by  cautiously  heating  it  to  40*  to  43°  C.  {Practical  Exercises, 
p.  158)  for  a  minute  or  two,  or  to  a  considerably  lower  temperature 
for  a  longer  time  (Fig.  58). 

The  Normal  Excitation  of  the  Cardiac  Nervous  Mechanism. 

— We  have  now  to  inquire  how  this  elaborate  nervous  mechanism 
is  normally  set  into  action.  And  we  may  say  at  once  that, 
striking  as  arc  the  effects  of  experimental  stimulation  of  the 
vagus  trunk  or  the  nervi  accelerantes  in  their  course,  it  is  only 
under  exceptional  circumstances  that  the  efferent  nerve-fibres, 
at  any  rate  before  they  have  entered  the  heart,  can  be  directly 
excited  in  the  intact  body.  In  certain  cases  the  pressure  of  a 
tumour  or  an  aneurism  on  the  nerve-tnmks,  or.  in  the  case  of 
the  accelerators,  I  lie  progress  of  a  pathological  change  in  the 
sympathetic  ganglia  through  which  the  fibres  pass,  has  been 
thought  to  bring  about  by  direct  stimulation  a  slowing  or  a 
quickening  of  the  pulse.  In  some  individuals  the  vagus  may  be 
excited  by  compressing  it  against  the  vertebral  column  or  against 
a  bony  tumour  in  the  neck.  But  it  is  from  the  cardio-inhibitory 
and  cardio-augmentor  centres  in  the  medulla  oblongata  that  the 
impulses  which  regulate  the  activity  of  the  heart  are  normally 
discharged.  Inhibitory  impulses  are  constantly  passing  out 
front  the  medulla^  for  section  of  botli  vagi  causes  almost  invari- 
ably an  increase  in  the  rate  of  the  heart,  at  least  in  mammals, 
althotigh  the  increase  is  less  conspicuous  in  animals  like  the 
rabbit,  whose  normal  pulse-rate  is  high,  than  in  animals  like 
the  dog,  whose  pulse-rate  is  comjiaratively  low.  Section  of  one 
vagus  usually  causes  only  a  comjiaratively  slight  increase,  for 
the  other  is  aide  of  itself  to  control  the  heart.  It  is  not  certainly 
known  whether  the  augmentor  centre  in  hke  manner  discharges 
a  continuous  stream  of  impulses,  or  is  only  roused  to  occasional 
activity  by  sjiecial  stimuli.  For  the  results  of  section  of  the 
nervi  acceleranles,  or  the  extirpation  of  the  inferior  cer\ucal  and 


4 


THE  CIRCULATION  OF  THE  BLOOD  AND  LYMPH       137 


stellate  ganglia,  are  dubious  and  conflicting.  But  if  it  does 
exert  a  tonic  influence  on  the  heart,  this  is  feebler  than  the  tone 
of  the  inhibitory  centre.  As  to  the  nature  of  this  inhibitory 
tone,  and  the  manner  in  which  it  is  maintained,  we  know  but 
little.  It  may  be  that  the  chemical  changes  in  the  nerve-cells 
of  the  inhibitory  centre  lead  of  themselves  to  the  discharge  of 
impulses  along  the  inhibitory  nerves.  But  there  is  some  evi- 
dence that,  in  the  complete  absence  of  stimulation  from  without, 
the  activity  of  the  centre  would  languish,  and  i>erhaps  be  ulti- 
mately extinguished.  For  when  the  greater  numt>er  of  the 
afferent  impulses  have  been  cut  off  from  the  medulla  oblongata 
by  a  transverse  section  carried  through  its  lower  border,  division 
of  the  vagi  producer  little  effect  on  the  rate  of  the  heart.  Be 
lliis  as  it  may,  we  know  that  the  activity  of  the  inhibitory  centre 
is  profoundly  influenced — and  that  both  in  the  direction  of  an 
increase  and  of  a  diminution — by  impulses  that  fall  into  it 
througli  afferent  ner\'es  and  by  stimuli  directly  applied  to  it. 
And'  we  may  assume  tliat  the  same  is  true  of  the  augmentor 
centre.  The  common  statement  that  stimulation  of  the  central 
end  of  one  vagus,  the  other  being  intact,  produces  distinct 
inhibition  is  incorrect  (for  auiesthctixed  dogs  at  any  rate), 
ometimes  this  is  the  case,  but  often  there  is  httlc  or  no 
inhibition,  or  even  augmentation.  Of  all  the  afferent  fibres  of 
the  ^^agus,  the  pulmonary  fibres  produce  the  most  marked  reflex 
inhibition.     The  cardiac  fibres  are  much  le^«  effective. 

These  pulmonary*  nerves  also  influence  the  respiratory  and 
vaso-nu)tor  centres.  The  respiration  is  temix>rarily  arrested, 
and  the  blood- pressure  falls  through  the  dilatation  of  the  small 
arteries  when  they  are  excited.  As  will  be  again  |>ointed  out 
in  connection  with  the  subject  of  death  during  the  administration 
of  anitsthetics,  the  afferent  vagus  fibre  scoming  from  the  alveoli 
of  the  lungs  can  be  chemically  stimulated  when  irritant  vapours, 
such  as  chloroform  or  ammonia,  are  inhaled  (p.  208). 

The  depressor  nerve,  a  branch  of  the  vagus,  wliich  is  easily 
found  in  the  rabbit  as  a  slender  nerve  nmning  close  to  the 
ipathetic  in  the  neck,  and  a  httle  to  its  inner  side,  but  in  the 
is  xisually  blended  with  the  vago-sympathetic,  falls  into  the 
^me  category  with  the  vagus  itsejf  as  regards  its  reflex  action 
j>n  Uic  heart,  to  which  it  l^ears  an  imjxjrtant  relation.  In  all 
some  of  its  fibres  end  in  the  wall  of  the  aorta,  but 
them  may  run  down  over  the  heart  to  the  ventricle, 
'Stimulation  of  its  peripheral  end  has  no  effect,  for  the  fibres  in 
it  which  influence  the  circulation  are  afferent,  not  efferent. 
But  excitation  of  its  central  end  catises  a  marked  fall  of  blood- 
pressure  (p.  151),  accompanied  by,  but  not  essentially  due  to, 
a  distinct  slowing  of  the  heart.     If  the  animal  is  not  anfesthetized. 
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there  may  be  signs  of  pain,  and  for  this  reason  the  depressor 
has  sometimes  been  sjiokeu  of,  somewhat  loosely,  as  the  sensory 
ner\'e  of  the  heart.  The  abdominal  sympathetic  (of  the  frog) 
also  contains  afferent  fibres,  through  which  reflex  inhibition  of 
the  heart  can  be  produced  when  they  are  excited  mechanically 
by  a  rapid  succession  of  light  strokes  on  the  abdomen  with  the 
handle  of  a  scalpel. 

On  the  other  hand,  when  the  centra]  end  of  an  ordinary 
peripheral  nerve  like  the  sciatic  is  excited  the  common  effect 
is  pure  augmentation,  which  sometimes  develops  itself  with 
even  greater  suddenness  than  when  the  accelerator  nerves  arc 
directly  stimulated.  Occasionally,  however,  the  augmentation 
is  abruptly  followed  by  a  typical  vagus  action.  Here  the  reflex 
inhibitory  effect  seems  to  break  in  upon  and  cut  short  the  reflex 
augmentor  effect. 

These  examples  show  that  cei  tain  afferent  nerves  are  especially 
related  to  the  cardio-inhibitory,  and  others  to  the  cardio-aug- 
mentor,  centre,  or  at  least  that  the  central  connections  of  some 
nerves  are  such  that  inhibition  is  the  usual  effect  of  their  reflex 
excitation,  while  the  opposite  is  the  case  with  other  nerves. 
But  it  is  improbable  that  the  effect  of  a  stream  of  afferent  im- 
pulses reaching  the  cardiac  centres  by  any  given  nerve  is  deter- 
mined solely  by  anatomical  relations.  The  intensity  and  the 
nature  of  the  stimulus  seem  also  to  have  something  to  do  with 
the  result.  For  when  ordinary  sensory  nerves  are  weakly  stimu- 
lated, augmentation  is  said  to  be  more  common  than  inhibition, 
and  the  opposite  when  they  are  strongly  stimulated,  And  while 
a  chemical  stimulus,  like  the  inhaled  vapour  of  chlijroform  or 
ammonia,  causes  in  the  rabbit  reflex  inhibition  of  the  heart 
through  the  fibres  of  the  trigeminus  that  confer  common  sensa- 
tion on  the  mucous  membrane  of  the  nose,  the  mechanical  ex- 
citation of  the  sensory  nerves  of  the  pharynx  and  oesophagus 
when  water  is  slowly  sipjx-d  causes  acceleration.*  The  stimula- 
tion of  the  nerves  of  special  sense  is  followed  sometimes  by  the 
one  effect  and  sometimes  by  the  other.  To  complete  the  cata- 
logue of  the  nervous  channels  by  which  impulses  may  reach  tlie 
cardiac  centres  in  the  medulla,  we  may  add  that  there  must  be 
an  extensive  connection  between  them  and  the  cerebral  cortex, 
since  every  passing  emotion  leaves  its  trace  upon  the  curve  of 
cardiac  action.  The  so-called  '  reflex  cardiac  death,'  which  is 
an  occasional  consequence  of  intense  psychical  influences  (anxiety, 
fright,  etc.),  may  l>e  due  to  the  prolonged  excitation  of  the 
rardio-inhibitory  centre,  as  well  as  to  the  disturbance  of  other 
centres  in  the  bulb  by  the  cortical  storm.     It  is  a  remarkable 

•   In  ^S  healthy  studfcits  the  average  pulse-ratf  (in  the  sitting  position) 
wa:>  increased  fruin  j}  tu  85  per  oiiuutc  by  sippiug  water. 
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(act,  too.  and  one  that  can  only  be  explained  by  such  a  con- 
nection, that  although  in  the  vast  majority  of  individuals  the 
will  has  no  influence  whatever  on  the  rate  or  force  of  the  heart, 
except,  perhaps,  indirectly  through  the  respiration,  some  persons 
have  the  jx)wcr,  by  a  vohintary  effort,  of  markedly  accelerating 
the  pulse.  In  one  case  of  this  kind  it  was  noticetl  that  [wr- 
spiralion  broke  out  on  Ihc  hands  and  other  parts  of  the  body 
when  the  heart  was  vuluntariiy  accelerated.  A  rise  of  blood- 
pressure  due  to  constriction  of  the  vessels  has  also  been  observed. 
The  effort  cannot  he  kept  up  for  more  than  a  short  time,  and 
the  pulse-rate  quickly  goes  back  to  normal.  It  has  been  recently 
shown  tl\;it  this  j»eculiar  |)ower  is  more  common  than  has  Iwen 
supposed,  and  that  where  it  is  present  in  rudiment,  it  can  Ix* 
cultivated,  although  it  is  a  dangerous  acquisition. 

As  an  example  of  the  direct  action  of  a  chemical  stimulus 
a  cardiac  centre,  we  may  cite  the  inhibition  produced  by 
jection  of  an  extract  of  the  suprarenal  capsule  into  a  vein 
(p.  180).  and  as  an  instance  of  the  direct  action  of  a  physical 
change,  the  skrtving  of  the  heart  in  asphyxia  as  the  blood- 
pressure  rises  (p.  152).  The  variation  in  the  pulse-rate  asso- 
ciated with  changes  in  the  position  of  the  body,  to  which  we 
tiavc  already  referred  (p.  S4),  is  brought  about  by  direct 
imulation  of  the  inhibitory  centre  by  the  increase  of  blood- 
essurc  in  the  medulla  oblongata  when  a  person  who  has  been 
tanding  assumes  the  supine,  or  even  the  sitting,  jKwture.  But 
is  also  due  m  pail  to  changes  in  the  anioimt  of  muscular 
ntraction,  since  muscular  exercise  causes  acceleration  of  the 
art  either  reflexly,  through  afferent  muscular  nerves,  or  by  a 
rect  effect  of  waste  products  of  the  metabolism  of  the  muscles 
I  the  cardiac  centres  in  the  bulb  or  on  the  heart  itself  (j).  -20j). 
Theoretically,  quickenmg  of  the  heart  might  be  caused  either 
by  a  diminution  in  the  inhibitory  tone  or  by  an  increase  in  the 
tivity  of  the  augmentor  centre  ;  and  slowing  of  the  heart 
ht  )>c  due  either  to  a  diminution  in  the  augmentor  tone,  if 
ch  exists,  or  to  an  mcrease  iu  the  activity  of  the  inhibitory 
trc.  So  that  it  is  not  always  easy  to  interpret  such  results 
wc  have  quoted  above.  But  it  would  apj>ear  that  under 
dinary  conditions  the  rate  of  the  heart  is  mainly  regulated 
the  inhibitory  centre,  which,  within  a  considerable  range, 
produce  variations  in  either  direction.  The  augmentor 
nism  is  perhai>s  merely  auxiliary  to  the  inhibitory,  being 
lied  into  action  only  in  emergencies. 
aso-motor  Nerves. — Just  as  the  muscular  walls  of  the  heart 
gnvi:nH<:l  by  two  sets  of  nerve-tibres,  a  set  which  keeps 
9,i\  the  rate  of  working  and  a  set  which  may  increase  it,  the 
iilar  walU  ol    tlio  vessels  are  under   the  tonlrol  of  nt-rves 
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which  have  the  power  of  diminishing  their  cahbre  {vaso-con^ 
stridor),  and  of  nerves  which  have  the  iH)wer  of  increasing  it 
{vasO'dilator),  All  nerves  that  affect  the  calibre  of  the  vessels, 
whether  vaso-constrictor  or  vaso-dilator,  are  included  under  the 
general  name  vaso-nioior.  These  vaso-motor  nerves,  like  the 
auginentor  and  inliibitory  fibres  of  the  heart,  are  connected 
with  a  centre  or  centres,  which  in  turn  arc  in  relation  with 
numerous  afferent  nerves.  It  is  convenient  to  distinguish  the 
afferent  nerves  which  cause  on  the  whole  a  vaso-constrictiou 
and  a  consequent  increase  of  arterial  pressure  as  pressor  nerves, 
and  those  which  cause  on  the  whole  vaso-dilatation,  with  fall 
of  pressure,  as  depn'ssor  nerves,  reserving  the  terms  vaso-con- 
strictor and  vaso-dilator  for  the  efferent  portions  of  the  reflex 
arcs.  It  is  through  this  reflex  mechanism  that  the  bloodvessels 
are  mainly  influenced,  although  the  endings  of  the  vaso-motor 
nerves  in  the  smooth  muscular  fibres  or  the  muscular  fibres 
themselves  are  sometimes  directly  affected  by  substances 
circulating  in  the  blood,  Alhumose,  for  instance,  causes  by 
peripheral  action  dilatation  of  the  vessels  and  a  fall  of  blood- 
pressure  {p.  179);  suprarenal  extract,  or  its  active  principle, 
adrenalin,  constriction,  with  a  rise  of  pressure  (p.  180).  Vaso- 
motor ncr\*es  control  chiefly  the  small  arteries.  They  have  no 
direct  influence  on  the  capillaries.*  Nor  has  the  existence  of 
an  effective  vaso-motor  regulation  of  the  calibre  of  the  veins, 
except  in  the  portal  system,  heou  provL-d  np  to  this  time  by  any 
clear  and  unamhif^uous  experiment,  although  tliere  are  grounds 
on  which  it  has  been  surmised  that  the  nervous  system  does 
influence  the  '  tone  '  of  the  whole  venovis  tract.  These  grounds 
will  he  mentioned  in  the  proi>er  place.  Meanwhile,  before  de- 
scribing the  distribution  of  the  best-known  tracts  of  vaso-motor 
fibres  and  defining  the  jmsition  of  the  vaso-motor  centres,  we  must 
glance  at  the  methods  liy  which  our  knowledge  has  been  attained. 

( I )  In  translucent  jwrts  inspection  is  sufficient.  P.ihng  of  the  part 
indicates  cimsirictit>n ;  flushing,  diUtation  of  the  small  vessels. 
This  method  has  bet-n  mvich  used,  sometimes  in  conjunction  with 
(2)  in  such  parts  iis  th»!  bulls  of  the  toes  of  dogs  or  cats,  the  car  of 
the  rabbit,  the  conjiiuctivii.  the  mucous  membrane  of  the  mouth 
and  gums,  the  web  of  tlie  frog,  the  wing  of  the  bat,  the  intestines,  etc 

•  It  is  usually  taufjUt  that  the  capillnries,  tjcing  devoid  oi  muscular 
fibres  in  their  walls,  are  not  supplied  with  vaso-motor  fibres,  and  that  the 
only  kind  of  active  contraction  of  which  they  are  capable  is  due  to  a  process 
anaJogous  to  the  turgcscence  of  vegetable  cella,  the  thickness  of  the  wall 
being  increase*!  at  the  expense  of  the  lumen,  while  the  total  cross -sectiim 
of  the  vesiiel  remains  unchangL*d.  It  has  recently  been  asserted,  however, 
tluit  a  true  coutraction.  in  which  Iwth  the  total  section  and  the  lumen  arc 
diminisheti.  may  be  caused  in  the  capillariL's  of  the  nictitating  membrane 
oi  the  frog  either  by  direct  stimulation  or  by  excitation  of  vaso-motor 
fibres  in  the  sympathetic  (Steinach  and  Kahn) 
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(2)  Observatioa  of  changes  in  tho  temperature  of  parts.     This 
etho<l  has  been  chiefly  employed  in  investigating  the  vaso-motor 
,crvcs  of  the  limbs,  the  thermometer  bulb  being  fixed  bet\v'een  the 
xrs.     In  such  i>erip!ieral   parts  the  temixsrature  of  the  blood  is 
rmAUy  less  than  that  uf  the  blood  in  the  internal  organs,  because 
he  opportumlies  of  cooling  arc  greater.     The  cffirct  of  a  freer  cir- 
culation of  blood  (dilatation  of  the  arteries)  is  to  raise  the  tempera- 
re  :  of  a  more  restricted  circulation  (constriction  of  tho  arteries), 
lower  it. 

(0  Measurement  of  the  blood-pressure.  If  we  measure  the 
ial  blood-pressure  at  one  point,  and  find  that  stimulation  of 
rtain  nerves  mcreases  it  without  affecting  the  action  of  the  heart, 
r  can  conclude  that  upon  the  whole  the  tone  of  the  small  vessels 
as  been  increiscd.  But  we  cannot  tell  in  whit  region  or  regions 
r  incrouse  his  taken  place  ;  nor  can  wo  tell  whetlier  it  has  not  been 
comjKinieil  by  diminution  of  tone  in  other  tracts. 
But  if  we  measure  simultaneously  the  blood-pressure  in  the  chief 
er\*  and  chief  vein  of  a  part  such  ns  a  limb,  we  can  tell  from  the 
anges  c^\use<l  by  section  or  stimulation  of  nerves  whether,  and  in 
hat  scn>ie,  the  tone  nf  the  small  vessels  uithin  this  area  has  been 
Itrrcd.  For  example,  if  we  found  that  the  lateral  ])ressure  in  the 
rtrfA'  was  diminished,  while  at  the  same  time  it  was  increased  in 
c  vein,  wc  should  know  that  the  '  resistance  '  between  artery  and 
n  had  been  lessened,  and  that  the  blood  now  found  its  way  more 
adily  from  the  artery  into  the  vem.  If.  on  the  other  hand,  the 
cQous  pressure  was  diminished,  and  the  arterial  pressure  simul- 
incrcasod.  wc  should  have  to  conclude  that  the  vascular 
in  the  part  was  greater  than  before.  If  the  pressure  both 
sHory  and  vein  was  increased,  we  could  not  come  to  any  con- 
u^mn  AS  to  local  changes  of  resistance  without  knowing  how  the 

rral  blood-pressure  had  varied. 
(4)  The  measurement  of  the  velocity  of  the  blood  in  the  vessels 
the  part.     This  may  be  done  by  the  stroniuhr  or  dromc^raph.  or 
y  allowing  the  blood  to  escape  from  a  small  vein  and  me.isuring  the 
tflow  m  a  given  time,  or.  without  opening  tho  vessels,  by  estimating 
circulation  time  (p.  100).     When  changes*  in  the  general  arterial 
re  are  eliminated,  slowing  of  the  blood-stream  through  a  i>art 
rrcspontls  to  increase  of  vascular  resistance  in  it  ;  increase  in  the 
te  ot  flow  implies  diminished  vascular  resistance.     Sometimes  tho 
colour  of  the  blood  issuing  from  a  cut  vein,  and  the  visible  pulse 
the  stream,  indicate  with  certainty  th:it  the  vessels  of  the  organ 
vc  been  dilated. 

(5>  Alturations  in  the  volume  of  an  organ  or  limb  are  often  taken 
^  of  changes  in  the  calibre  of  the  small  vessels  in  it. 
\^  'ty  seen  how  these  alterations  arc  recorded  by  means 

1  a  inntivsiiiograph  (p.  10;).     The  brain  is  enclosed  in  the  skull  as 
a  natural   plethysmogriph,  and  changes  in  its  volume  may  bo 
stered  by  connecting  a  recording  apparatus  with  a  trephine  hole. 
(6)   I'or   the   separation    of   the   effects   of   stimulation    of   vaso- 
ctor  and  vasodilator  fibres  when  they  are  mingled  together, 
e  case  in  many  nerves,  advantage  is  taken  of  certain  differences 
ri  them.     For  example,  the  vaso-constrictors  lose  their  excita- 
ler  than  Ihs  vaso-dilators  when  cut  of!  from  the  nerve-cells 
hey  Iwlong.     So  that  if  a  nerve  is  di\-ided,  and  some  days 
.  elapse  before  stimulation,  only  the  dilators  will  be  excited, 
dilators  arc  more  sensitive  to  weak  stimuh  repeatcnl  at  long 
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intervals  tlian  to  strong  and  frequent  stimuli,  and  the  opposite  is  trac 
of  the  constrictors.  When  a  nerve  containing  both  kinds  of  fibres  is 
heated,  the  excitabihty  of  the  vaso-constrictors  is  increased  in  a 
greater  degree  than  tliat  of  the  dilalors  ;  when  the  nerve  is  cooled, 
the  dilators  preserve  their  excitabihtit'^  at  a  temperature  at  which  the 
constrictors  have  ceased  to  respond  to  stimuhition  (Fig.  59 1- 

The  Chief  Vaso-motor  Nerves. — The  first  discovery  of  vaso- 
motor nerves  was  made  in  the  cervical  sympathdic.  \Mien  this 
ner\'e  is  cut,  the  corresponding  side  of  the  head,  and  especially 
the  ear,  become  greatly  injected  owing  to  the  dilatation  of  the 
vessels.  This  exj^eriment  can'  be  veryi,rcadily  performed  on  the 
rabbit,  and  the  changes  are  most  easily  followed  in  an  albino. 
The  ear  on  the  side  of  the  cut  nerve  is  redder  and  hotter  than 


IVSMOCRAUS:     HlND-MMB    OF    CAT    (AFTER    BdWDITCH    AND 

Warren). 

To  be  read  from  right  to  left.  Od  the  left  hand  is  shown  the  effect  of  slow  stimu-' 
Utinaof  the  sciatic  (i  per  second) ;  ou  the  right  hand  the  effect  of  rapid  stimula- 
tion (64  t>er  second).     In  thc'first  case  thr  limb  sw^ll'^d  i.>w)nt!  t>>  rxcitalio.t*of 
the  va&o-dilators :  lu  Ihi-  secoiul.  it  shrank' through  excitation  "f  the  vascron. 
strU  tors. 

the  other  ;  the  main  arteries  and  veins  are  swollen  with  blood, 
and  many  vessels  founerly  invisible  come  into  view.  The  slow 
rhythmical  changes  of  calibre,  which  in  the  normal  rabbit  are 
very  characteristically  seen  in  the  middle  artery  of  the  ear,  dis- 
api>ear  for  a  time  after  section  of  the  sympathetic,  although  they 
ultimately  again  become  visible  (Practical  Exercises,  p.  180). 

Stimulation  of  the  cephalic  end  of  the  cut  sympathetic  causes 
a  marked  constriction  of  the  vessels  and  a  fall  of  temperature 
on  the  same  side  of  the  head.  Fron^  these  facts  we  know  that 
the  cervical  sympathetic  in  mammals  contains  vaso-constrictor 
fibres  for  the  side  of  the  head  and  ear.  and  that  these  fibres  are 
constantly  in  action.     Certain  parts  of  the  eye,  and  the  salivary 
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lantls,  lar^'nx,  cesophagus,  and  th\Toid  gland,  are  also  supplied 
with  vaso-motor  (constrictor)   nerves   from   the  cer\'ical  sym- 
tlietic. 


It  has  been  asserted  that  the  cervical  sym|withclic  contains  some 
of  the  vaso-constrictor  fibres  that  supply  the  corresponding  half  of 
ic  brain  and  its  membranes,  but  this  has  Ix-'cn  disptitcd,  and  some 
ibscrvers  deny  that  tlic  vessels  of  the  brain  have  any  vasomotor 
crves.  Non-medullated  nerve-fibres,  however,  may  t»e  seen  in 
and  around  the  walU  of  the  cerebral  and  spinal  bloodvessels,  and 
it  in  difficult  to  boheve  that  these  have  not  a  vaso-motor  function. 
aUhuuRh  this  has  not  as  yet  been  clearly  demonstrated  by  cxperi- 
entAl  methods. 

It  his  sometimes  been  ari^uwl  that  we  ought  not  to  expect  the 

,'in  to  be  supplied  with  vasomotors.     For  it  is  enclosed  in  a  ripid 

X,  ;\nd  the  tjuantity  of  blood  in  it  can  be  increased  or  diminished 

*y  to  the  slight  extent  to  which  the  cerebro-spinal  liquid  can  be 

pliCed    into    the    vertebral    canal.      Important    changes   in    the 

ebral  blo<xI-3upply  are  therefore  brought  about,  it  is  s;iid.  not  by 

.-idt-ning  or  narrowing  of  the  cerebral  vessels,  but  by  an  alteration 

the  velocity  of  the  blood  in  them  as  a  result  of  a  rise  or  fall  of  the 

tcmic  arter'.il  pressure.     This  argument,  however,  leaves  out  of 

onnt  the  consideration  that  in  gcncr:\l  the  brain  doc3  not  function 

hole,  hut  that  certain  parts  of  it  may  often  l>ecomc  p.ctive  and 

ly  hyix-'ra-mic.  while  other  parts  are  inactive  and  relatively 

c.   and   thit   important   chances   in   the   distribution   of   the 

d  in  the  enccphdon  may  be  effected,  although  the  total  mass  of 

I  in  the  t>rgan  undergoes  little  or  no  alteration.     The  retina, 

ch  from  the  standiK>int  of  development  is  a  portion  of  tlic  brain. 

undoubtedly  supplied  with  vaso-constrictor  fibres  which  run  in 

?  cervical  sympathetic. 

That  the  cervical  sympathetic  contains  some  dilator  fibres  is 
rowd  by  the  fact  that  stimulation  of  the  cephalic  end  in  the 
)g  causes  t'.ushing  of  the  mucous  membrane  of  the  mouth  on 
le  same  siHe.  Further,  after  division  of  the  nen'e  on  one  side 
thr  rabbit  it  may  Ik;  observed  that  when  the  animal  is  excited 
the  vessels  of  the  car  whose  nerve  is  intact  may  become  still 
more  dilaletl  than  those  whose  constrictor  fibres  have  been 
|>araly2od.  The  only  explanation  is  that  vaso-dilators  are  being 
excited  from  the  central  nervous  system. 

The  vaso-motor  fibres  of  the  head  run  up  in  the  cervical  sym* 

thelir,  and  then  pass  into  various  cerebral  nerves,  of  which  the 

fth  or  trigeminus  is  the  most  important. 

The   trigeminus    nerve   contains   vaso-constrictor   nerves    for 

lHous  parts  of  the  eye  (conjunctiva,  sclerotic,  iris),  and  for 

le  mucous  membrane  of  the  nose  and  gums,  and  section  of 

is  followed  by  dilatation  of  the  vessels  of  these  regions.     The 

tguai  branch  of  the  trigeminus  supplies  vaso-motor  fibres  to 

the   tongue,   and  apparently  both  vaso-constrictor  and  vaso- 
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In  some  animals — the  rabbit,  for  instance — the  ear  derives  part 
of  its  vaso-motor  supply  directly  from  the  cerebro-spinal  system, 
through  the  great  auricular  nerve,  as  well  as  through  the  cervical 
sympathetic. 

Another  great  vaso-motor  tract,  the  most  influential  in  the 
body,  is  contained  in  t!u*  splanchmc  nerv^es,  which  govern  the 
vessels  of  many  of  the  abdominal  orgajis.  Section  of  these 
neiA'es  causes  an  immediate  and  sharp  fall  of  arterial  pressure. 
The  intestinal  vessels  are  dilated  and  overfilled  with  blood.  As 
a  necessary  consequence  of  their  immense  capacity,  the  rest  of 
the  vascular  system  is  underfilled,  and  the  blood- pressure  falls 
accordingly.  Stimulation  of  the  perijiheral  end  of  the  splanchnic 
nerves  causes  a  great  rise  of  blood-pressure,  owing  to  the  con- 
striction of  vessels  in  the  intestinal  area.  We  therefore  conclude 
that  in  the  splanchnics  there  are  vaso-motor  fibres  of  the  con- 
strictor type,  and  that  impulses  are  constantly  passing  down  them 
to  maintain  the  normal  tone  of  the  vascular  tract  which  they 
command.  The  presence  of  dilator  fibres  (for  the  intestines  and 
the  kidney,  for  example)  has  also  been  demonstrated  in  the 
splanchnic  ner\'es,  although  the  constrictors  predominate,  and 
special  methods  have  to  be  employed  for  the  detection  of  the 
dilators. 

The  same  is  true  of  the  nerves  of  ike  exiremiiies,  which  cer- 
tainly contain  vaso-dilator  fibres  in  addition  to  vaso -constrictors, 
although  the  difficulty  of  demonstrating  the  presence  of  the 
former  is  fuLy  as  great  as  it  is  in  the  splanchnics.  For  the 
investigation  is  complicated  by  the  fact  that  such  nerves  as 
the  sciatic  supply  with  vaso-motor  fibres  two  leading  tissues — 
skin  and  muscle  ;  and  these  arc  not  necessarily  affected  in  the 
same  direction  or  to  the  same  extent  by  stimulation  of  their 
vaso-motor  fibres.  The  vasoconstrictors  under  ordinary'  con- 
ditions prej>onderate,  so  that  section  of  the  sciatic  or  the  brachial 
is  generally  followed  by  flushing  of  the  balls  of  the  toes  and  rise 
of  temperature  of  the  feet,  stimulation  by  paling  and  fall  of 
temperature.  By  taking  advantage,  however,  of  the  unequal 
excitability  of  dilators  and  constrictors  in  a  degenerating  ner\'e, 
and  of  the  differences  between  the  two  kinds  of  fibres  in  their 
reaction  to  electrical  stimuli  (p.  141),  it  has  been  shown  that 
vaso-dilators  are  also  present,  and  come  to  the  front  when  the 
conditions  are  rendered  favourable  for  them  and  unfavourable 
for  the  constrictors. 

The  vaso-motor  fibres  for  the  fore-hmb  (dog)  issue  from  the  cord 
in  the  anterior  roots  of  the  third  to  the  eleventh  dorsal  nerves,  and 
for  the  hind-Hmb  in  the  anterior  roots  of  the  eleventh  dorsal  to  the 
third  lumbar.  Stimulation  of  most  of  these  roots  causes  con- 
striction of  the  vessels,  but  stimulation  of  the  eleventh  dorsal  may 
cause  dilatation  (BayUss  and  Bradford). 
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The  Vaso-motor  Ntn^es  of  Muscle. — When  the  motor  nerve  of  the 
thin  mylo-hyoid  muscle  of  the  frog,  whicli  can  be  observed  under  the 
microscope,  is  cut.  and  the  peripheral  end  stimulated,  the  vessels  are 
9een  to  dilate  distinctly,  and  this  effect  is  not  abolished  when  con- 
traction of  the  muscle  is  prevented  bv  a  dose  of  curara  insufficient 
to  paralyze  the  vaso-motor  ncr\'cs,  1'his  indicates  the  existence  in 
the  nerve  of  vaso-dilator  hbres.  But  we  must  be  cautious  in 
transferring  this  result  to  ordinar\'  skeletal  muscle,  for  the  mylo-hyoid 
is  more  closely  allied  to  the  muscles  o(  the  tongue  tliau,  for  example, 
to  the  muscles  of  the  limbs,  and  in  the  mammal  the  tongue  muscles 
arc  known  to  be  better  supplied  w\th  vaso-thlator  fibres  than  the 
hmb  muscles.  The  average  How  of  blood  through  a  mammalian 
muscle  is  mdced  increased  during  voluntary  contraction,  and  during 
rhythmically  repeated  artificial  tetanization  of  its  motor-nerve. 
The  outflow  of  blocxl  from  the  main  vein  of  one  of  the  muscles  used 
in  mastication  in  the  horse  was  found  to  be  tliree  times  as  great 
during  voluntarv  work  witli  it  (in  chewing)  as  in  rest.  But  as  no 
increase  in  the  blood-fiow  through  the  skeletal  muscles  of  a  com- 
pletely curari/ed  manm^al  during  excitation  of  their  nerves  has 
ever  been  satisfactorily  demonstrated,  we  must  conclude  that  they 
arc  very  scantily  proWded  with  vaso-dilator  fibres  or  not  at  all. 
It  is  uncertain  whether  they  are  supplied  witli  vaso -cons  trie  tors. 
The  undoubted  increase  in  the  blood-flow  in  contraction  may  there- 
for© be  connected  in  some  way  with  the  mechanical  or  cliemical 
changes  in  tiic  muscular  fibres  themselves. 

It  has  been  suggested  that  the  muscular  vessels  are  widened  by 
the  direct  action  of  the  acid  products  of  the  active  muscle,  since 
ver>'  dilute  acids  (Uictic  acid,  e.g.)  cause  general  diLit;ition  of  the 
small  vessels.  A  similar  explanation  has  been  extended  to  the 
dilatarion  of  the  vessels  of  the  brain  dunug  cerebral  actixitv  by  some 
of  those  who  deny  the  existence  of  vaso-motor  nerves  for  tfiat  organ, 
but  here  the  e\*idence  is  by  no  means  satisfactory.  The  vagus  has 
been  stated  to  contain  vaso-constrictor,  and  the  annutusof  Vieussens 
vaso-dilator,  fibres  for  the  coronary  arteries  of  the  heart. 

Vaso-motor  Nerves  of  the  Lungs. — There  hiis  been  much  discussion 
as  to  the  course,  and  even  as  to  the  existence,  of  vasomotor  fibres 
for  the  lungs.  The  problem  is  perh^im  the  most  diflficult  in  the 
whole  range  of  vaso-motor  tojx>gra[)hy.  lor  the  pulmonary  circulation 
is  so  reLited  to  other  vascular  tracts,  tlial  changes  produced  in  the 
vessels  of  dist^mt  organs  by  the  stimulation  or  section  of  nerves  may 
affect  the  quantity  of  blood  received  by  the  right  side  of  the  heart, 
and  therefore  tlic  quantity  pro[x?lled  through  the  lungs  and  the 
pressure  in  the  pulmonary  artery.  And  changes  in  the  systemic 
arterial  pressure  may  favour  or  hinder  the  discharge  of  the  left 
ventricle,  and  therefore  affect  the  pressure  in  the  left  auricle  and  the 
pulmonary  veins.  All  that  we  really  know  is  that  the  lungs  arc 
supplied  with  vaso-constrictor  fibres,  although  in  all  probability 
less  richly  than  most  other  organs.  These  fibres  pass  out  from  the 
upper  half  of  the  dorsal  spinal  cord,  and  some  of  them  can  be  detected 
nearer  their  destination  in  the  annuUis  of  Vieussens.* 

•  Brolic  am!  Pixon.  perfusing  Lwlated  '  sur^'iving  '  lungs  witli  blood 
under  constant  pressure,  and  measuring  the  outflow,  came  to  the  conclu- 
sion that  no  pulniouar)*  vaso-motor  fibres  exist,  since  adrcnaliu  causes  no 
vaATt-constniition.  They  assnmr  that  adrenalin  acts  u]X)n  vaso-motor 
nervr-cndings.  ami  not.  as  generally  supposed,  directly  upon  the  smooth 
maAcJ*-  ol   the  vessels,  and  that  m  organs  in  which  this  drug  docs  not 
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In  some  animals — the  rabbit,  for  instance — the  ear  derives  part 

of  its  vaso-motor  supply  directly  from  the  cerebro- spinal  system, 
through  the  great  aur  icular  nerve,  as  well  as  through  the  cervical 
symj)athetic. 

Another  great  vaso-motor  tract,  the  most  influential  in  the 
IwKiy.  is  contained  in  the  splanchmc  nerves,  which  govern  the 
vessels  of  many  of  the  abdominal  organs.  Section  of  these 
nerves  causes  an  immediate  and  sharp  fall  of  arterial  pressure. 
The  intestinal  vessels  are  dilated  and  overfilled  with  blood.  As 
a  necessary  consequence  of  their  immense  capacity,  the  rest  of 
the  vascular  system  is  underfilled,  and  the  blood-pressure  falls 
accordingly.  Stimulation  of  tbt*  |>oripheral  end  of  the  splanchnic 
nerves  causes  a  great  rise  of  l>lood-]^ressure,  owing  to  the  con- 
striction of  vessels  in  the  intestinal  area.  We  therefore  conclude 
that  in  the  splanchnics  there  are  vaso-motor  fibres  of  the  con- 
strictor type,  and  that  impulses  are  constantly  passing  down  them 
to  maintain  the  normal  tone  of  (he  vascular  tract  wliJch  Ihey 
command.  The  presence  ol  dilator  fibres  (tor  the  iiitestines  and 
the  kidney,  for  example)  has  also  been  demonstrated  in  the 
splanchnic  nerves,  although  the  constrictors  predominate,  and 
special  methods  have  to  be  employed  for  the  detection  of  the 
dilators. 

The  same  is  true  of  the  nerves  of  the  extremities,  which  cer- 
tainly contain  vaso-diiator  fibres  in  addition  to  vaso-constrictors, 
although  the  difficulty  of  demonstrating  the  presence  of  the 
former  is  fully  as  great  as  it  is  in  the  splanchnics.  For  the 
investigation  is  complicated  by  the  fact  that  such  nerves  as 
the  sciatic  supply  with  vaso-motor  fibres  two  leading  tissues — 
skin  and  muscle  ;  and  these  are  not  necessarily  affected  in  the 
same  direction  or  to  the  same  extent  by  stimulation  of  their 
vaso-motor  fibres.  Tlie  vaso-coiistrictors  under  ordinary  con- 
ditions preponderate,  so  that  section  of  the  sciatic  or  the  brachial 
is  generally  followed  by  flushing  of  the  balls  of  the  toes  and  rise 
of  temperature  of  the  feet,  stimyilation  by  paling  and  fall  of 
temi>eralure.  By  taking  advantage,  however,  of  the  unequal 
excitability  of  dilators  and  constrictors  in  a  degenerating  nerve, 
and  of  tlie  differences  between  the  two  kinds  of  fibres  in  their 
reaction  to  electrical  stimuli  (p.  141),  it  has  been  shown  that 
vaso-dilators  are  also  present,  and  come  to  the  front  when  the 
conditions  are  rendered  favourable  for  them  and  unfavourable 
for  the  constrictors. 

The  vaso-motor  fibres  for  th©  fore-limb  (dog)  issue  from  the  cord 
in  the  anterior  roots  of  the  third  to  the  eleventh  dorsal  nerves,  and 
for  the  hind-limb  in  the  anterior  roots  of  the  eleventh  dorsal  to  the 
third  lumbar.  Stimulation  of  most  of  these  roots  causes  con- 
striction of  ttie  vessels,  but  stimulation  of  the  eleventh  dorsal  may 
cause  dilatation  (Bayhss  and  Bradford}. 
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Tkf  Vaso^moUyr  Nerves  0/  Mtiscle, — When  the  motor  nerve  of  the 
thin  mylo-hyoid  muscle  of  the  frog,  which  can  be  observed  under  the 
microscope,  is  cut.  and  the  peripheral  end  stimulated,  the  vcss<»ls  aro 
seen  to  dilate  distinctly,  and  this  effect  is  not  abolished  when  con- 
traction of  the  muscle  is  prevented  by  a  dose  of  curara  inaufficiont 
ito  paralyze  the  vaso-motor  ner\'es.     'this  indicates  the  existence  in 

c  nerve  of  vaso-diJator  fibres.  But  we  must  be  cautious  in 
transferring  this  result  to  ordinary  skcletil  muscle,  for  the  mylo-hyoid 

more  closely  nllied  to  the  muscles  of  the  tongue  than,  for  example, 
to  the  muscles  of  the  limbs,  and  in  the  mammal  the  tongue  muscles 
arc  known  to  be  better  supplied  with  vaso-dilator  fibres  than  the 
timb  muscles.  The  average  flow  of  blood  through  a  mammalian 
muscle  is  indeed  increased  during  voluntary*  contraction,  and  during 
ThythmicAlly  rcjieated  artificial  tetanization  of  its  motor-nerve. 
The  outflow  of  blood  from  the  main  vein  of  one  of  the  muscles  used 
in  mastication  in  the  horse  was  found  to  be  tlu-ee  times  as  great 
during  voluntary  work  with  it  (in  chewing)  us  in  rest.  But  as  no 
increase  in  the  blood- tlow  through  the  skeletal  muscles  ol  a  com- 
pletely curari/,cd  mammal  during  excitation  of  their  nerves  has 
ever  been  satisfactorily  demonstrated,  we  must  conclude  tliat  they 
are  very  scantily  provided  with  vaso-dilator  fibres  or  not  at  all. 
It  is  uncertain  whether  they  arc  supplied  with  vaso-constrictors. 
The  undoubted  incre.v»c  in  the  blood-flow  in  contraction  may  there- 
fore be  connected  in  some  way  with  the  mechuiical  or  cKemical 
changes  in  the  muscular  fibres  themselves. 

It  has  been  suggested  that  the  muscular  vessels  are  widened  by 

^thc  direct  action  of  the  acid  products  of  the  active  muscle,  since 

cr>'  ddute  acids  (lactic  acid,  e.g.)  cause  general  dilatation  of  the 

mall    vessels.     A   similar   explanation   has   been   extended   to   the 

latation  ol  the  vessels  of  the  brain  during  cerebral  activity  by  some 
of  those  who  deny  the  existence  of  vaso-motor  nerves  for  that  organ, 
but  here  the  e\-idence  is  by  no  means  satisfactory.  The  vagus  has 
been  stated  to  contain  vaso-constrictor.  and  the  annnlusof  Vieussons 
vaso-dilator,  fibres  for  the  coronary  arteries  of  the  heart. 

Vaio-motor  Nerves  of  the  Lung'i. — ^Thcre  his  been  much  discussion 
35  to  the  course,  .ind  even  .is  to  the  existence,  of  v;iso-motor  fibres 
for  the  lungs.  The  problem  is  jxirhaps  the  most  difficult  in  the 
whole  ran^e  of  vasomotor  topography,  for  the  pulmonary  circulation 
IS  so  related  to  other  vascular  tracts,  that  clianges  produced  in  the 
vessels  of  distant  organs  by  the  stimulation  or  section  of  nerves  may 
affect  the  quantity'  of  blood  received  by  the  right  side  of  the  heart, 
and  therefore  the  cjuantitj'  propelled  through  the  lungs  and  the 
pressure  in  the  pulmonary  artery.  And  clianges  in  the  systemic 
arterial  pressure  may  favour  or  hinder  the  discharge  of  the  left 
vMitricle,  and  therefore  affect  the  pressure  in  the  left  auricle  and  the 
jMi'tnonary  veins.  All  that  we  really  know  is  that  the  lungs  are 
■  ;  I'lied  with  vaso-constrictor  fibres,  although  in  all  probabiUty 
I  M  'ih  than  most  other  organs.  These  fibres  pass  out  from  the 
I  !'U  of  the  dorsiil  spm.d  cord,  and  some  of  them  can  be  detected 
tiV'tuM  Uieir  destination  m  Itic  annuliis  uf  Vieussens.* 

•    Brodic  and   I>ixon.  pcrfu.sinR  isolntnl  '  sur\'ivinR  '  lungs  with  blood 

"t*  ''T  roastdnt  pressure,  ami  measuring  (he  outflow,  came  to  the  conclu- 

1    th;it  no  pulmouan.'  vat»o-motor  fibrcb  exist,  since  adrenalin  causes  no 

\  ix.-cnnMriction.      They   assume   that    adrenalin   acti   u]»on    voso-motoT 

iirrv«*-en<Jmg5,  ami  not.  as  generally  supposed,  directly  upon  the  smootli 

nt   tTir  vessels,  and  that  in  organs  in  which  this  drug  docs  not 
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which  vaso-cons  trie  tor  fibres  do  not  arise,  and  where,  therefore,  we 
have  not  to  contend  \vith  the  difficult^'  of  interpreting  mixed  effects. 
Vaso-dil^tors  for  the  external  generative  organs  and  the  mucous  mem- 
brane of  the  lower  end  of  the  rectum  pass  out  as  small  meduUatcd 
fibres  of  the  anterior  roots  of  certain  of  the  sacral  nerves  (mainly  the 
second  and  third  in  the  cat)  into  the  pelvic  nerve  (ncrvns  crigcns). 
They  end  in  relation  with  ganghon-cclLs  in  the  neighbourhood  of  the 
organs  which  they  supply.  The  seventh  and  ninth  cranial  nerves 
carry  vasodilator  fibres  which  are  distributed  by  way  of  the  hngual 
and  oUier  branches  of  the  iifth  to  the  salivary  glands,  the  tongue, 
the  mucous  membrane  of  the  Hoor  of  the  mouth,  and  part  of  the  soft 
palate.  Those  in  the  Ungual,  passing  through  the  chorda  tympani»  end 
in  ganglion-cells  near  the  submaxillar^'  and  sublingual  glands,  and  the 
axones  of  these  cells  continue  the  path  to  the  vessels  of  the  glands. 
It  is  supposed  that  the  vaso-dilators  distributed  in  other  branches 
of  the  fifth  also  have  ganglion-cells  on  their  course.  In  fact,  there 
is  good  evidence  that  ever\'  efferent  vasomotor  fibre  is  interrupted 
bv  one.  and  only  by  one.  ganglion -celi  between  the  cord  and  the 
bloodvessels.  The  remarkable  fact  has  been  recently  established 
that  for  certain  regions  of  the  body,  especially  the  limbs,  the  vaso- 
dilator nerves  are  contained,  not  in  the  anterior,  but  in  the  posterior 
roots.  And  these  arc  not  aberrant  efferent  fibres  which  liave  strayed 
in  the  course  of  development  into  the  wrong  roots,  but  true  posterior 
root-fibres  whose  cells  of  origin  lie  in  the  spinal  ganglia,  and  which  con- 
duct efferent  vaso-dila tor  impulses  in  the  WTong  direction,  so  to  speak, 
from  the  cord  to  the  j>eripher\' — *  anHdromic  '  impulses  (Bayliss). 

Effect  of  Nicotine  on  Nerve-cells. — -A  method  which  has  been 
found  most  fruitful  instudving  the  relations  of  sympathetic  ganghon- 
cells  to  the  vaso-motor  fibres,  as  well  as  to  tlie  pilomotor*  and 
secretory  fibres  which  in  certain  situations  are  so  intricately  mingled 
with  them,  must  hero  be  mentioned.  It  dei>cnds  upon  the  fact  that 
when  a  suitable  dose  of  nicotine  ( lo  milligrammes  in  a  cat)  is  injected 
into  a  vein,  or  a  solution  is  painted  on  a  ganglion  with  a  brush,  the 
passage  of  nerve-impulses  through  the  ganglion  is  blocked  for  a  time 
(Langley).  The  nerve-fibres  peripheral  to  the  ganglion  arc  not 
affected.  The  question  whether  efferent  fibres  are  connected  with 
nor\'e-ceIls  between  a  given  point  and  their  peripheral  distribution 
can,  therefore,  be  answered  by  observing  whether  any  effect  of  stimu- 
lation is  abolished  by  nicotine.  If,  for  instance,  the  excitation  of  a 
nerve  caused  constriction  of  certain  bloodvessels  before,  and  has  no 
effect  after,  the  application  of  nicotine  to  a  ganglion,  its  vaso-con- 
strictor  fibres,  or  some  of  thcm»  must  be  connected  with  nerve-celU 
in  that  ganghon. 

We  have  thus  traced  the  vaso-motor  nerves  from  the  cerebro- 
spinal axis  to  the  bloodvessels  which  they  control  ;  it  still  remains 
to  define  the  portion  of  the  central  nervous  system  to  which  these 
scattered  threads  are  related,  which  holds  them  in  its  hand  and 
acts  upon  them  as  the  needs  of  the  organism  may  require. 

Vaso-motor  Centres. — Now,  experiment  has  shown  that  there 
is  one  \'ery  definite  region  of  the  spinal  bulb  wliich  has  a  most 
intimate  relation  to  the  vaso-motor  nerves.     If  while  the  blood- 


•    Pilo-Diotor  nerves  supply 
contraction  causes  the  hair  to  ' 


the   smooth  arrector 
stand  on  end.' 


ptii  muscles 


THE  CIRCULATION  OF  THE  BLOOD  AND  LYMPH 


49 


pressure  in  the  carotid  is  being  registered,  say.  in  a  curarired 
rabbit,  the  central  end  of  a  peripheral  nerve  like  the  sciatic 
is  stimulated,  the  pressure  rises  so  long  as  the  bulb  is  intact, 
this  rise  being  largely  due  to  the  reflex  constriction  of  the  vessels 
in  the  splanchnic  area.  If  a  series  of  transverse  sections  be  made 
through  the  brain,  the  rise  of  pressure  caused  by  stimulation  of 
the  sciatic  is  not  affected  till  the  up|)er  limit  of  the  bulb  is  almost 
reached.  If  the  slicing  is  still  carried  downwards,  the  blood- 
pressure  sinks,  and  the  rise  following  stimulation  of  the  sciatic 
becomes  less  and  less.  When  the  medulla  has  Iwen  cut  away  to 
a  certain  level,  only  an  insifrnitirant  rise  or  nonf  at  all  can  be 
obtained.  The  {Kirtion  of  tin'  modulla  the  removal  of  which 
exerts  an  influence  on  the  blood -pressure,  and  its  increase  by 
reflex  stimulation,  extends  from  a  jwint  4  to  5  mm.  above  the 
point  of  the  calamus  scriptorius  to  within  i  to  2  mm.  of  the 
corpora  quadrigcmina.  Stimulation  of  the  medulla  causes  a 
rise,  destruction  of  this  portion  of  it  a  fall,  of  general  blood- 
pressure.  There  is  evidently  in  this  region  a  nervous  '  centre  ' 
so  intimately  related,  if  not  to  all  the  vaso-motor  nerves,  at 
least  to  such  very  important  tracts  as  to  deserve  the  name  of  a 
vaso-motor  centre.  Exi>eriment  has  shown  that  this  is  much 
the  most  influential  centre,  and  it  is  usually  called  the  chief  or 
general  vaso-motor  centre.  But  there  are  subsidiary  centres  all 
along  the  cord,  and  while  a  very  large  number  of  the  constrictor 
fiibres  are  related  to  the  chief  centre  in  the  medulla,  some  are 
either  normally  under  the  control  of  subordmate  centres,  or  may 
in  special  circumstances  come  to  be  dominated  by  them. 

Thus,  in  the  frog  it  is  possible  to  go  on  destroying  more  and 
more  of  the  cord  from  above  downwards,  and  still  to  obtain 
reflex  vaso-motor  effects,  as  seen  in  the  vessels  of  the  web,  by 
stimulating  the  central  end  of  the  sciatic  nerve.  Although  these 
effects  indeed  diminish  in  amount  as  the  destruction  of  the  cord 
proceeds,  yet  a  distinct  change  can  be  caused  when  only  a  small 
portion  of  the  cord  remains  intact. 

Similarly,  in  the  mammal  evidence  has  been  obtained  of 
the  existence  of  *  centres  '  at  various  levels  of  the  cord,  capable 
of  acting  as  vaso-motor  centres  after  the  chief  centre  in  the 
bulb  has  been  cut  off.  For  e.xample,  after  section  of  the  cord 
at  the  upper  limit  of  the  lumbar  region,  erection  of  the  penis, 
which  is  known  to  be  due  to  a  reflex  dilatation  of  its  arteries 
through  the  nervi  erigentes,  can  still  be  caused  by  mechanical 
stimulation  of  the  glans  penis,  so  long  as  the  afferent  fibres  of  the 
reflex  arc  contained  in  the  nervus  |nidendus  are  intact.  Destruc- 
tion of  the  lumbar  cord  abolishes  the  effect.  It  is  im^H>ssible  to 
avoid  the  conclusion  that  a  vaso-dilator  or  erection  centre, 
which  is  in  relation  on  the  one  hand  with  the  nervi  erigentes,  and 
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on  the  other  with  the  nervus  pudendus,  exists  in  the  lower 
portion  of  the  spinal  cord.  Vaso-motor  centres  for  the  hind* 
limbs  have  also  been  located  in  the  same  region.  When  the  brain, 
the  bulb,  and  The  upper  portion  of  the  cord  have  been  eliminated 
by  ligatiun  uf  all  the  arteries  from  which  blood  can  possibly 
reach  them,  a  sufficient  vascular  pressure  persists  to  permit  the 
circulation  to  go  on  in  the  lower  portion  of  the  body  for  hours. 
And  while  section  of  the  cord  in  the  lower  cer\'ical  region  causes 
a  marked  fall  of  pressure,  this  is  not  ])ermanent  if  the  animal  is 
allowed  to  sur\'ivc.  Forty-one  days  after  total  section  of  the 
cord  at  the  seventh  cervical  segment  in  a  dog  an  arterial  pressure 
of  130  mm.  of  mercury  was  found.  A  mechanism  for  the 
maintenance  of  vascular  tone  exists  even  lioyond  the  limits  of 
the  central  ner\'ous  system.  For  when  the  lower  i»ortion  of 
the  cord  is  completely  destroyed,  the  dilatation  of  the  vessels  of 
the  hind-limbs,  which  is  at  first  so  conspicuous,  passes  away 
after  a  time,  the  fimrtions  of  vaso-motor  centres  having  been 
assumed  by  the  sympathetic  ganglia  (GolU  imd  Ewald).  When 
the  lumbo-sacral  sntti pathetic  chain  is  extirpated,  there  is  a  further 
loss  of  vascular  tone  in  the  affected  region.  But  even  this  is  not 
irremediable.  After  a  time  recovery  again  occurs,  although  it 
may  be  more  partial  and  tardy  than  before.  This  must  take 
place  either  through  the  intervention  of  still  more  jwripheral 
ganglia,  or  through  the  development  of  a  certain  tonus  by 
the  muscular  fibres  of  the  vessels  when  abandoned  to  them- 
selves. 

Of  the  anatomical  relations  of  the  nerve-cells  that  make  up  the 
bulbar  nnd  spinal  vaso-mntor  centres,  little  more  is  known  than  may 
be  deduced  from  the  physiological  facts  wr  have  been  reciting.  It 
lias  been  surmised  that  certain  cells  of  small  sizi*  scattered  up  and 
down  the  cord  in  the  anterior  horn  and  inttrmedio-lateral  tract*  and 
cropping  out  also  in  the  bulb,  are  vasomotor  cells.  It  must  be 
assumed  that  their  axis-cylinder  processes  are  connected  with  the 
vaso-motor  hbres  which  we  have  already  discovered  emerging  from 
the  brain  in  certain  cranial  ner\'cs  and  from  the  cord  in  the  spinal 
roots.  And,  indeed,  there  is  reason  to  believe  thai,  in  the  case 
of  the  spinal  vaso-motor  cells  at  any  rate,  the  connection  is  made 
without  the  intervention  of  any  other  nerve-cells,  and  that  the  axis- 
cylinders  of  these  vaso-motor  fibres  are  the  axis-cylinder  processes  of 
the  vasomotor  cells.  So  that  the  simplest  efferent  path  along  which 
vaso-motor  impulses  can  pass  may  l>e  considered  as  built  up  of  two 
neurons,  one  with  its  cell-body  in  the  central  nervous  system,  and  the 
other  in  a  sympathetic  ganglion.  But  since  it  would  api>ear  that  the 
spinal  vaso-motor  centres  are  under  the  control  of  the  chief  centre 
in  the  bulb,  it  is  necessary'  to  suppose  that  the  axis-cylinder  processes 
of  some  of  the  cells  of  the  bulbar  centre  come  into  relation  with  the 
spinal  vaso-motor  cells,  and  that  impulses  passing,  let  us  say,  from 
the  bulb  to  the  vessels  of  the  leg,  would  have  to  traverse  three 
neurons  (sec  Chap.  XU.). 
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Vaso-motor  Reflexes. — We  have  already  seen  lliat  the  cardiac 
centres  are  constantly  intlueiiced  by  afferent  impiilses,  and  that 
in  the  direction  either  o(  augmentation  or  inhibition.  The  vaso- 
[motor  centre  in  the  buJb  is  equally  sensitive  to  such  impulses. 
They  reacli  it  for  the  most  ^lart  along  the  same  nerves,  and  by 
increasing  or  diminishing  its  tone  cause  sometimes  constriction 
and  sometimes  dilatation  of  the  vessels,  the  result  depending 
j>artly  upon  the  anatomical  connection  of  the  afferent  fibres, 
hut  apparently  in  part  also  upon  the  state  of  the  centre. 
^H  ^^  ^h^  afferent  nerves  that  cause  vaso-dilatation»  the  most 
^■important  Is  the  depressor,  whose  reflex  inhibitory  action  on 
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the  heart  has  been  already  described.  The  fall  in  the  arterial 
pressure  is  due  chiefly,  not  to  the  inhibition  of  the  heart,  but 
to  inhibition  of  the  vaso-motor  centre,  and  consequent  general 
dilatation  of  the  arterioles  throughout  the  body.  Stimulation  of 
the  nerve  produces  its  usual  result  after  section  of  the  vagi.  It 
has  been  suggested  that  the  fimction  of  the  depressor  is  to  act 
as  an  automatic  check  upon  the  blood  -  pressure  in  the  interest 
both  of  the  heart  and  the  vessels,  its  terminations  in  the  aorta 
or  the  ventricular  wall  being  medianically  stimulated  when  the 
pressiu-e  tends  to  rise  towards  the  danger  limit.  In  rare  cases, 
cflerent  inhibitory  fibres  for  the  heart  have  been  found  in  the 
depressor  of  the  rabbit. 

Many  of  the  [}eripheral  nerves  contain  fibres  whose  stimula- 
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tion  is  followed  by  dilatation  of  the  bloodvessels  in  special 
regions,  usually  the  areas  to  which  they  are  themselves  dis- 
tributed, accompanied  by  consttiction  of  distant  and,  it  may 
be,  more  extensive  viistular  tracts.  Tims,  the  usual  local  effect 
of  stimulating  the  afferent  fibres  of  the  lowest  three  thoracic 
nerves,  in  whose  anterior  roots  run  the  vaso-motor  fibres  for 
the  kidney,  is  a  dilatation  of  the  renal  vessels  (Bradford),  and 
the  usual  local  effecl  of  stimulating  the  infra-orbital  or  supra- 
orbital nerve  a  dilatation  of  the  external  maxillary  arter\'. 
But  the  general  effect  in  both  cases  is  vaso-constriction  in  other 
regions  of  the  body,  which  more  than  compensates  the  local  dila- 
tation, so  that  the  arterial  blood- pressure  rises.  It  is  not  difficult 
to  see  thai  both  of  these  changes  render  it  easier  for  the  part  to 
obtain  an  increased  supply  of  blood. 

Sometimes  the  reciprocal  relation  between  vaso-dilatation  in  one 
•part  of  the  body  and  vaso-constriction  in  another  is  only  apparent. 
For  example,  stimulation  of  the  cut  end  of  the  sciatic  causes,  as  we 
have  ;ilready  seen,  extensive  vaso-constriction  iiud  a  notable  rise  in  the 
blood-pressure.  7"he  constriction  certainly  involves  the  splanchnic 
area  ;  but  superficial  parts,  as  the  Ups,  may  be  seen  to  be  flushed 
with  blood.  In  asphyxia,  when  the  vaso-motor  centres  are  directly 
stimulated  by  the  venous  blood,  this  apparent  antagonism  is  siill 
belter  marked  :  the  cutaneous  vessels  are  widely^  dilated  and 
engorged,  the  face  is  livid,  but  the  abdominal  organs  are  pale  and 
bloodless  (Heidenhain).  The  blood-pressure  rises  rapidly,  reaches 
a  maximum,  and  then  gradually  falls  as  the  vaso-motor  centre 
becomes  paralyzed  {Figs.  6.;  and  63). 

It  has  been  shown  that  in  both  cases  vaso-constriction  of  the  skin 
is  really  produced  as  well  as  vaso-constriction  of  the  internal  organs, 
but  the  increased  blood-pressure  mechanically  overcomes  the 
constriction  of  the  cntant'ous  vessels. 

The  kind  of  stimulus  seems  to  have  something  to  do  with  the 
direction  of  the  reflex  vaso-motor  change,  for  while  electrical 
stinuilatiim  of  every  nmscuiar  nerve^  even  of  the  very  finest 
twigs  that  can  be  isolated  and  laid  on  electrodes,  provokes 
always,  whetlier  the  shocks  follow  each  other  rapidly  or  slowly, 
a  rise  of  general  blood-pressure,  mechanical  stimulation  of  a 
muscle,  as  by  kneading  or  massage,  causes  a  fall.  The  condi- 
tion of  the  afferent  fibres  also  exerts  an  influence.  For  example, 
excitation  of  the  central  end  of  a  sciatic  nerve  that  has  been 
cooled  is  followed  by  vaso-dilatation  and  fall  of  pressure,  the 
opposite  of  the  ordinary-  result.  These  and  similar  facts  have 
led  to  the  idea  that  most  afferent  nerves  contain  two  kinds  of 
fibres,  whose  stimulaJion  can  affect  the  activity  of  the  vaso- 
motor centres — 'reflex  vaso-constrictor,'  or  'pressor'  fibres,  and 
'reflex  vaso-dilator,'  or  'depressor'  fibres.  The  branch  of  the 
vagus,  however,  to  which  the  name  '  depressor  '  has  been  s[)ecially 
given,  is  the  only  peripheral  nerve  the  excitation  of  which  is  in 
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all  circumstances  followed  by  a  general  diminution  of  arterial 
pressure.  If  s|)ecific  *  depresstjr  '  fibres  exist  elsewhere,  they 
are  so  mingled  with  '  pressor '  fibres  thai  their  action  is  masked 
when  both  are  stimulated  together.  The  state  of  the  vaso- 
motor centre  is  a  third  factor,  which  has  some  importance  in 
determining  the  result  of  reflex  vaso-motor  stimulation.  For 
instance,  in  an  animal  deeply  amesthetized  with  chloroform  or 
chloral,  excitation  of  an  ordinary  sensory  nerve  may  cause,  not 
a  rise,  but  a  fall  of  blood-pressure. 

These  facts  enable  us  to  some  extent  to  understand  the  manner 
in  which  the  distribution  of  the  blood  is  adjusted  to  the  require- 
ments of  the  different  parts  of  the  body,  so  that  to  a  certain 
degree  of  approximation  no  organ  has  too  much,  and  none  too 
little.    The  blood-supply  of  the  organs  is  always  shifting  with 
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the  calls  upon  them.  Now,  it  is  the  actively-digesting  stomach 
and  the  actively-secreting  glands  of  the  alimentar\'  tract  which 
must  l>e  fed  with  a  full  stream  01  blood,  to  supply  waste  and  to 
carr>'  away  absorbed  nutriment.  Again,  it  is  the  working 
muscles  of  the  legs  or  of  the  arms  that  need  the  chief  hlotxl- 
supply.  But  wherever  the  call  may  be,  the  vaso-motor  mechan- 
ism is  able,  in  health,  to  answer  it  by  bringing  about  a  widening 
of  the  small  arteries  of  the  part  which  needs  more  blood,  and  a 
compensatory  narrowing  of  the  vessels  of  other  f>arts  whost; 
needs  are  not  so  great. 

It  is  also  through  the  vaso-motor  system,  and  especially  by 
the  action  of  tliat  |x>rtion  of  it  which  governs  the  abdominal 
vessels,  and  of  the  nrrves  that  regulate  the  work  of  the  heart. 
that  in  animals  to  which  the  upright  position  is  normal  (monkey) 
and  in  man  the  influence  of  changes  of  posture  on  the  circu- 
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lation  is  almost  completely  compensated.*    The  pressure  m  the^l 
upjier  part  of  the  human   brachial    artery'  has    been  measured 
with  the  sphygmometer,  ftrst   in  the  horizontal  and  then   im- 
mediately afterward  in  the  standing  ix>sture,  and  in  health  it 
has  l>een  found  to  remain  practically  unclianged  (Hill).     Bui  if 
the  person  was  overworked  or  oul    ol    sorts,  the  compensation 
was  less  complete.     In  such  animals  as  the  rabbit  this  compen- 
sation is  totally  inefficient.     When  a  domesticated  rabbit,  which 
has  been  kept  in  a  hutch,  is  sus|>ended  vertically  with  the  feet'^f 
down,    the   blood  drains   into   the   abdominal   v^essels,   syncoj^e  ^" 
speedily  ensues,  and  in  a  period   that  ranges  from  less  than  a 
quarter  to  three-quarters  of  an  honr  the  animal  dies  in  tlve  con* 
vulsions  of  acute  cerebral  amemia   {Salathe,  Hill).     The  head- 
down  position  has  no  ill  effects.     In  wild  rabbits,  whose  aMominal 
wall  is  more  tense  and  elastic,  these  fatal   symptoms  are  not 
easily  produced,  and  the  same  is  true  of  cats  and  dogs.     But  in 
all  animals,  when  the  compensation  is  destroyed,  as  in  paralysis 
of  the  vaso-motor  centre  by  chlorolorm,  the  circulation  may  be 
profoundly  influenced  by  the  position  of  the  body  :  elevation  of 
the  head  may  lead  to  cerebral  anaemia,  syncope,  and  even  death  ;  ^ 
elevation  of   the  legs,  and  jiarticularly  the  abdomen,  may  rcstore^B 
tlie  siiiking  pulse  by  Idling  the  heart  and  the  vessels  ol  the  brain.  ^^ 
If  a  chloralized  dog  be  fastened  on  a  board  which  can  be  rotated 
about   a   horizontal   axis    passing    under   the  neck,    the   blood- 
pressure  in  the  carotid  artery  falls  greatly  when  the  animal  is 
made   to  assume   the  vertical  ]>osition  with   the  head  up,  and 
either  rrses  a  little  or  remains  practically  unchanged  when  the 
head  is  made  to  hang  down.     So  great  may  the  fall  of  pressure 
l>e  in  the  former  position  that  death  may  occur  if  it  be  long 
maintained  (Practical  Exercises,  p.  177). 

Finally,  it  is  in  virtue  of  the  amazing  power  of  accommoda- 
tion possessed  by  the  vascular  system,  as  controlled  by  the 
vaso-motor  and  cardiac  nerves,  that   so  long  as  these  are  not 

*  Two  factx>rs  may  be  distinguished  in  the  Mood -pressure,  the  hydro- 
static and  the  hydr(>d>*nainic  elements.  Tht.'  hyilrostatic  portion  of  the 
pressure  15  due  to  the  weight  of  the  column  of  blootl  acting  on  the  vessel ; 
the  hydrodynamic  portion  of  the  pressure  is  due  to  the  work  of  the  heart. 
If  a  dog  be  securely  fastened  to  a  holder  arranged  in  such  a  way  that  the 
animal  can  be  placed  vertically,  with  the  head  up  or  down,  and  the  mean 
blood -pressure  in  the  crural  artery  be  measured  in  the  two  positions,  there 
will  be  a  considerable  difference.  For  when  the  legs  are  uppermost  the 
heart  has  to  overcome  the  weight  of  the  column  of  blood  nsing  above  it 
to  the  crural  artery  ;  when  the  head  is  uppermost  the  action  of  the  heart 
is  reinforced  by  the  weight  ol  the  blood.  And  if  no  change  were  produced 
in  the  action  ol  the  heart,  or  in  the  general  resistance  of  the  vascular  path» 
by  the  change  of  position,  this  difierence  would  be  equal  to  the  pressure 
of  a  column  of  blood  twice  as  high  as  the  strain  I  t-line  distance  between 
the  cannula  and  the  point  of  the  arterial  system  at  which  the  pressure  is 
the  same  witlk  head  up  as  with  head  down  (indifferent  point). 
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disabled  the  total  quantity  of  blond  may  be  greatly  diminished 
or  greatly  increased,  without  endangering  life,  or  even  causing 
more  than  a  transient  alteration  in  the  arterial  pressure.  It  is 
not  until  at  least  a  quarter  of  the  blood  has  been  withdrawn 
that  tliere  is  any  notable  effect  on  the  [)ressure.  for  ilie  !oss  is 
quickly  compensated  by  an  increase  in  the  activity  of  the  heart 
and  a  constriction  of  the  small  arteries.  An  animal  may  recover 
after  losing  considerably  more  than  half  its  blood,*  Conversely, 
the  volume  of  the  circulating  liquid  may  be  doubled  by  the 
injection  of  blood  or  physiological  salt  solution  without  causing 
death,  and  increased  by  50  \)cr  cent,  without  any  marked  in- 
crease in  the  pressure.  The  excess  is  promptly  stowed  away 
jn  the  dilated  vessels,  espociallv  those  of  the  splanchnic  area  ; 


t  i  *  *  ^  '    '  J  t  '  '  *  I   '   '  '  J   J  f  ■  f  *  I    I  »  M  <   !  I   I   I  I   I   I  [   M  n  1' 


ir..   Av — BinoD.pitxsstiiiE  Tracino   rROM  a   Dog  pniaoNEO  with   Alcohol. 

The  respiratory  t-rtitrp  bfiiig  paralyr^i.  respiration  stopped,  and  the  typical 
mI  blotHl-pressiire  in  asphyxia  tivik  place.  T)ie  pressure  bad  ag.un  fallen,  and 
il  paralysis  <i(  the  viv».nintor  ccntrr  wa*  near  at  hand,  when  at  A  the  animal 

idp  a  slnj^e  respiratory  movrment.  The  quantity  of  Dxygcn  thus  taken  in  was 
loufb  to  revtore  the  vaso<motur  centre,  and  the  blocid' pressure  again  rose.  Thb 
repeated  five  or  six  times. 

e  water  passes  rapidly  into   the   lymph,  and  is  then  more 
aduully  eliminated  by  the  kidneys. 

From  these  facts  we  can  deduce  the  practical  lesson,  that 
ood-letting,  unless  copious,  is  useless  as  a  means  of  lowering 
c  general  arterial  pressure,  while  it  need  not  be  feared  that 
unsfusion  of  a  considerable  quantity  of  blood,  or  of  salt  solu- 
ion.  in  cases  of  severe  ha-morrhagc  will  dangerously  increase 
e  pressure.  And  from  the  physiological  point  of  view  the 
m  '  hafmorrhage  '  includes  more  than  it  does  in  its  ordinary 

*  It  is  not  usually  po&sible  to  obtain  quite  twO'thirds  of  the  total  blood 
by  bleeding  a  do^  from  a  Urf^e  artery.  In  seven  dogs  bled  from  the 
carotid,  the  ratio  nt  the  weight  of  the  blootl  obtained  to  the  iKKly-weight 
was  1  :  24-7.  I  :  217.  I  :  20-7,  i  :  ioO.  i  :  i8-6.  i  :  16.  1  :  13*5.  In  the  lost 
the  blooci  clotted  with  abnormal  slowness,  and  the  animal  died  in  a 
ktas. 
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sense.  For  as  dirt  to  the  sanitarian  is  '  matter  in  the  wrong 
place,'  hajmorrhage  to  the  physiologist  is  blood  in  the  wrong 
place.  Not  a  drop  of  blood  may  l>e  lost  from  the  body,  and  yet 
de^ith  may  occur  from  hacmorrhapje  into  the  pleural  or  the 
abdominal  cavity,  into  the  stomarh  or  intestines.  Not  only  so, 
but  a  man  may  bleed  to  death  into  his  own  bloodvessels  ;  io 
shock,  as  well  as  in  ordinary  fainting  or  syncope,  the  blood 
which  ought  to  be  circulating  through  the  brain,  heart  and 
lunj^s  may  stagnate  in  the  vessels  of  the  splanchnic  and  other 
areas,  which  are  dilated  in  consequence  of  a  more  or  less  per- 
manent inhibition  of  the  vaso-motor  centre  produced  by  exces- 
sive stimulation  of  the  reflex  paths  (Crile,  Howell).  The  rapid 
feeble  pulse  in  shock  is  due  to  a  similar  loss  of  activity  of  the 
cardio-inlubitory  centre. 

The  Lymphatic  Circulation. — As  has  already  been  mentioncd> 
some  of  the  constituents  of  the  blood,  instead  of  passing  back  to 
the  heart  from  the  capillaries  along  the  veins,  find  their  way  by 
a  much  more  tedious  route  along  the  lymphatics.  The  blood- 
capillarics  are  cven'where  in  verv  intimate  relation  with  lyniph- 
capiUaries.  which  are  simply  irregular  spaces,  more  or  less  completely 
lined  with  epithelioid  cells,  in  the  connecUve-tissue  that  ever\'where 
accompanies  and  supports  the  bloodvessels.  The  constituents  of  the 
biood-plaama  are  filtered  through,  or  secreted  by  the  capiUar\'  walls 
into  the  lymph  spaces,  and  mingling  there  with  waste  products 
discharged  by  the  cells  of  the  tissues,  form  the  clear  liquid  known  as 
lymph.  The  lymph  spaces  are  connected  with  more  regular  lym- 
phatic vessels,  with  lymphatic  glands  at  intervals  on  their  course. 
These  fall  into  larger  trunks,  and  finally  the  greater  part  of  the 
lymph  reaches  the  blood  again  by  tJie  thoracic  duct,  which  opens 
into  the  venous  system  ;it  the  junctiun  of  the  left  subclavian  and 
internal  jugular  veins.  The  lymph  from  the  right  side  of  the  head 
and  neck,  the  right  extrcmity»and  the  right  sids  oi  the  thorax,  with 
its  viscera,  is  collected  by  the  right  lymphatic  duct,  which  opens  at 
the  junction  of  the  right  subclavian  and  internal  jugular  vems. 
The  openings  of  both  ducts  arc  guarded  by  semilunar  valves,  which 
prevent  the  reflux  of  blood  from  the  veins.  Serous  cavities  like  tho 
pleural  sacs,  although  differing  from  ordinan*'  lymph  spaces,  are  con- 
nected through  small  openings,  called  stomata,  with  lymphatic  vessels. 

The  rate  of  flow  of  the  lymph  in  the  tlioracic  duct  is  very  small 
compared  with  X\\i*X  of  the  blood  in  the  arteries^only  about  4  mm. 
per  second,  according  to  one  observer.  Nevertheless,  a  sul>stance 
mjocted  into  the  blood  can  be  detected  in  the  Symph  of  the  duct  in 
four  to  seven  minutes  (Tschirwinsky).  The  factors  which  contribute 
to  the  maintenance  of  the  lymph  flow  are  : 

(i)  The  pressure  under  which  it  passes  from  the  capillaries  into 
the  lymph  spaces.  The  pressure  in  the  thoracic  duct  of  a  horse  may 
be  as  high  as  i  >  mm.  of  mercury  :  in  the  dog  it  may  be  less  than 
I  mm.  The  difference  is  probably  due.  in  part  at  least,  to  a  differ- 
ence in  the  experimental  conditions,  dogs  bemg  usually  anesthetized 
for  such  meiisurements,  horses  not.  The  pressure  in  the  lymph 
spaces  must,  of  course,  be  higher  than  in  the  thoracic  duct — how 
much  higher  we  do  not  know. 
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(2)  The  contraction  of  muscles  increases  tho  pressure  of  the 
lymph  by  compressing  the  channels  in  which  it  is  contained,  and 
the  valves,  with  which  tho  lymphatics  are  even  more  richly  provided 
than  the  veins,  hinder  a  backward  and  favour  an  onward  flow.  The 
contractions  of  the  intestines,  and  especially  of  the  villi,  arc  an 
important  aid  to  the  movement  of  the  chyle.  By  the  contraction  of 
the  diaphragm,  substances  may  be  sucked  from  the  peritoneal  cavity 
into  the  lymphatics  of  its  central  tendon,  through  the  stomata  in  the 
serous  layer  with  wliich  its  lower  surface  is  clad.     It  is  even  possible 

passive  movements  of  the  diaphragm  in  a  dead  rabbit  to  inject 
lymphatics  with  a  coloured  li(|uid  placed  on  its  peritoneal  surface. 
ssive  movements  of  the  limbs  and  massage  of  the  muscles  are  also 
known  to  hasten  the  sluggish  current  of  the  lymph,  and  are  some- 
times employed  with  this  object  in  the  treatment  of  disease. 

(3)  The  movement!  of  respiration  aid  tho  flow.  At  every  inspira- 
tion the  pressure  in  the  great  veins  near  the  heart  becomes  negative, 
and  lymph  is  sucked  into  them  (p.  235). 

(4)  In  some  animals  rhythmically -contracting  muscular  sacs  or 
hearts  exist  on  the  course  of  the  lymphatic  circulation.  The  frog 
has  two  pairs,  an  anterior  and  a  posterior,  of  these  lymph  hearts, 
which  pulsate,  although  not  with  any  great  regularity,  at  an  average 
rate  of  sixty  to  seventy  beats  a  minute,  and  appear  to  be  governed 
by  motor  and  inhibitory  centres  situated  in  the  spinal  cord.  Such 
hearts  are  also  found  in  reptiles.  It  is  pi^ssiblc  that  in  animals 
without  localized  lymph  hearts  tho  smooth  muscle,  which  is  so 
conspicuous  an  element  in  the  walls  of  the  lymphatic  vessels,  may 

>      aid  the  flow  by  rhythmical  contractions. 

^"^    1.  Microscopic  Examination  of  the  Circulating  Blood.— (1)  Take 
r       a  tadpole  and  lay  it  un  a  glass  slide.     Cover  the  t^iil  with  a  large 
I       covcr-ihp.  and  examine  it  with  the  low  jxjwcr  (Lcitz,  oc.  III.,  obj.  3). 
Generally  the  tail  will  stick  so  closely  to  the  slide,  and  the  animal 
will  move  so  little,  that  a  sufficiently  good  view  of  the  circulation 
can  bo  obtained.     If  there  is  any  trouble,  destroy  the  brain  with  a 
lecdle. 
Observe  tho  current  of  the  blood  in  the  arteries,  capillaries  and 
[ins.     An  artery  may  be  easily  distin|t;uishcd  from  a  vein  by  looking 
a  place  at  which  the  vessel  bifuruvtes.      In  veins  the  blood  flows 
the  two  branches  of  the  fork  iowatds  the  (wint  of  bifurcation,  in 
teries  away  from  it. 
Sketch  a  part  of  a  field. 

To  Pith  a  Fro^. — Wrap  tho  animal  in  a  towel,  bend  the  head 
krwards  with  the  index-nngor  of  one  hand,  feci  with  the  other  for 
\c  deprt^sion  at  the  junction  of  the  head  and  backbone,  and  push  a 
krrow-bladed  knife  right  down  in  tho  middle  line.  The  spinal  cord 
ill  thus  be  divided  with  Uttlc  bleeding.  Now  push  into  the  caWty 
the  skull  a  piece  of  j^ointed  lucifcr  match.  The  brain  will  thus 
destroyed.     The.  spinal  cord  can  be  destroyed  by  passing  a  blunt 

Ic  down  inside  the  vertobi'al  canal. 
(i)  T.ike  a  frog  and  pith  its  brain  only,  inserting  a  match  to 
!verit  bleeding.      Pin  the  frog  on  a  plate  of  cork  into  one  end  of 
ich  a  glass  slide  lias  been  fastened  with  seaUng-wax.     Lay  the 
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web  of  one  of  the  hind-legs  on  the  glass  and  gently  separate  two  of 
the  toes,  if  necessary  by  threads  attached  to  them  and  secured  to 
the  cork  plate.  Put  the  plate  on  the  microscope-stage  and  fasten 
by  the  clips  (sec  pp.  ii,  05)- 

{3)  .\fter  the  normal  circulation  has  been  studied  thoroughly  put 
a  very  small  drop  of  tincture  of  cantharidcs  on  the  portion  of  the  web 
which  is  in  the  field  of  the  microscope,  using  a  fine  pipette.  Observe 
the  process  cf  inflanifyiatiofu  including  stasis  and  diapedcsis  (p.  45). 

2.  Anatomy  of  the  Frog's  Heart.  —  Expose  tlie  heiirt  of  a  pithed 
frog  by  pinching;  up  the  skin  over  the  abdomen  in  the  middle  line, 
dividing  it  with  scissors  up  to  tlie  lower  jaw,  and  then  cutting  through 
the  abdominal  muscles  and  the  bony  pectoral  girdle.  The  external 
abdominal  vein,  which  will  be  observed  on  reflecting  the  skin,  can 
be  easily  avoided.  The  heart  will  now  be  seen  enclosed  in  a  thin 
membrane,  the  pericardium,  which  should  be  grasped  with  tine- 
pointed  forceps  and 
freely  divided.  Con- 
necting the  posterior 
surface  of  the  heart 
and  the  pericardium 
is  a  slender  band  of 
couneclivo  tissue,  the 
fraenum.  A  silk  liga- 
ture may  be  passed 
around  this  with  a 
threaded  curved 
needle,  or  curved 
tine-pointed  forceps, 
and  tied,  and  then 
the  from  urn  may  bo 
divided  posterior  to 
the  hgature.  The 
a n atomi cal  arrange  - 
ment  of  the  various 
I>arts  of  the  heart 
should  now  be 
studied.  Note  tlio 
single  ventricle  with  the  bulbus  arteriosus,  the  two  auricles,  and 
the  sinus  venosus.  turning  the  heart  over  to  see  the  latter  by  means 
of  the  lisaliire.  Observe  the  whitish  crescent  at  the  junction  of  the 
sinus  venosus  and  the  right  auricle  (Fig.  64). 

1.  The  Beat  of  the  Heart.— Note  that  the  auricles  beat  tu^t,  and 
then  the  venliiclc.  The  veatricle  becomes  smaller  and  paler  dunng 
its  s^-stolc.  and  blushes  red  during  diastole.  Count  the  number  of 
beats  of  the  heart  in  a  minute.  Now  excise  the  heart,  liftmg  it  by 
means  of  the  ligature,  and  taking  cr.re  to  cut  wide  of  the  sinus 
venosus.  Place  the  heart  in  a  smalt  porcelain  capsule  on  a  little 
blotting-paper  moistened  with  physiological  salt  solution.*  Observe 
that  it  goes  on  beating.  Put  a  little  ice  or  snow  in  contact  with  the 
heart,  i'.nd  count  the  number  of  beats  in  a  minute.  The  rate  is  greatly 
diminished.  Nfiw  remove  the  ice  and  blotting-pajx^r,  cover  the  heart 
with  the  salt  solutiun,  and  heat,  noting  the  temperature  with  a  ther- 
mometer. Observe  that  the  heart  beats  (aster  and  faster  as  the 
temperature  rises.     At  40"  C.  to  4^*  C.  it  stops  beating  in  diastole 

•  For  frog's  tissues  this  should  be  07  to  075  per  cent,  sodium  chloride 
solution,  lor  mammaUan  tissues  a  little  stronger  (atwut  0*9  per  cent.). 


Fig.  64.— Frog's  Heart  with  Stannius'  Ligatures 
IN  Position  (Cvon). 

Anterior  surface  of  heart  shown  ou  the  left.  p<»s- 
tcrior  stirface  on  the  right,  d.  right  auricle  ;  ^,  left 
aurirJe  ;  c.  vcutride  ;  1/,  bulbus  orteriubus  ;  €,  f, 
aorta} ;  g,  sinui  venosus. 
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kt  standstill).     Now  at  once  pour  off  the  heated  liquid,  nnd  run 
in  some  cold  salt  solution.     The  heart  will  be((in  to  beat  again. 

4.  Cut  off  the  apex  oi  the  ventricle  a  Uttle  below  the  auriculo- 
ventncular  groove.  The  auricles^  with  the  attached  portions  of  the 
ventricle,  go  on  beat- 
ing. The  apex  does 
not  contract  spon- 
taneously, but  can 
be  made  to  beat  by 
stimulating  it  me- 
chanically (by  prick- 
mg  it  with  a  needle) 
orclectncally.  Divide 
the  still   contracting 

rtion  of  the  heart 
a  longitudinal  in- 
cision. Thetwohalvcs 
go  on  beating. 

5.  Heart  Tracings. 
—I  s )   Fasten  a  nu'o- 


,tci'/>9tje 


PlG>  63. — Arkancemknt    pok 
Tracikc  prom  d 


OBTAINtNG 

Fnoc. 


A    Heart 


long  i 
^H^  hor 

P7a« 


7/mf  J/orAt-f 


graph-plate  (Fig.  65) 
cm  a  stand.  Take  a 
long  light  lever  con- 
sisting of  a  straw  or  a  piece  of  thin  chip,  armed  at  one  end  with  a 
tmg-point  of  parchment-paper,  supported  near  the  other  end  by 
honzontal  axis,  and  pierced  not  far  from  the  axis  by  a  needle 
ying  on  its  point  a  small  piece  of  cork  or  a  ball  of  sealing-wax. 
\counteriK)isc  is 
Adjusted  on  the 
short  arm  of  the 
lever  in  the  form 
of  a  small  leaden 
weight.  Cover  t 
dmm  with  glazed 
paper  and  smoke  it. 
The  paper  must  be 
put  on  so  tightly 
that  it  will  not  slip. 
To  smoke  thedruni. 
old  it  by  the 
die  in  both 
hands  over  a  fish- 
tail burner,  depress 
the  drum  in  the 
•lame,  and  rotate 
lly.  Avoid 
:rig  on  a  heav>'  pu 
cg-itini;  of  smoke. 
AS  a  more  delicate 
obtained 


Bufii'^ 


rWO-MAONEIIC  TlMi:UARKI-.K  lOSNK^l 
WITH    MUTUON'OME. 


The  pendtihun  of  the  nietninonie  carries  a  wire  which 
closes  Ihr  circuit  when  it  dips  into  either  of  the  racrcurv 
cup>.  Hk- 


[mpcr  IS 
ii^ii  1 1  y  >inoked. 
The  sj>rcd  cif  the  drum  can  be  varied  by  putting  in  or  taking  out  a 
small  vane.  Arrange  an  electro- magnetic  time-marker  for  writing 
seconds  (Fig.  (16).  l^th  a  frog  (brain  only),  expose  the  heart,  and 
put  under  it  a  covcr-shp  to  give  it  support.     I*»n  the  frog  on  the 
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myograph-pUtc,  and  adjust  the  foot  of  the  lever  so  that  ii  rests 
on  the  ventricle  or  the  auriculo-vcntricul:\r  junction.  Bring  the 
writing-point  of  the  lever  and  tliat  of  the  timc-miirkcr  vertically 
under  each  other  on  the  surface  of  the  drum.  Set  of!  the  drum  at 
the  slow  speed  (say.  a  centimetre  a  second).  When  the  lever  rests 
on  the  auriculo-ventricular  junction,  the  part  of  the  tracing  corre- 
sponding to  the  contraction  of  the  heart  will  be  broken  into  two 
portions,  representing  the  systole  of  the  auricles  and  ventricle  respec- 
tively. Cut  the  paper  off  the  drum  with  a  knife  (keeping  the  back 
of  the  knife  to  the  drum  to  avoid  scoring  it)  and  carry  it  to  the 
varnishing-trough,  holding  the  tracing  by  the  ends  with  both  hands, 
smoked  side  up.  Immerse  the  middle  of  it  in  the  varcish,  draw 
first  one  end  and  then  the  other  through  the  varnish,  let  it 
drip  for  a  minute  into  the  trough,  and  fasten  it  up  with  a  pin 
to  dry. 

(3)  Heart   Tracings  with  Simultaneous   Record  of  Auric%Uar  and 
VentrtQtilar  Contractions, — (a)  For  this  purpose  two  levers  may  be 


4i,^.*„lfc-  Lt,Ytr 


.  Pad  to  re»f  o^  ^tutitcU 


Fig.  67. 


Apparatus  pok  obtaining  a  Simultaneous  Tracing 

Auricular  and  Ventricular  Contbactions. 


arranged,  one  resting  on  the  auricle,  the  other  on  the  ventricle, 
writing  points  being  placed  in  the  same  vertical  straight  line  on  the 
drum.     A  convenient  form  of  apparatus  is  shown  in  Fie,  67. 

(6)  GaskeU's  Method  (a  modification  n/).~-Attach  a  silk  ligature  to 
the  very  apex  of  the  ventricle.  Divide  the  fra?num,  cut  the  aorta 
across  close  to  the  bulbus.  pinch  up  a  tiny  portion  of  the  auricle  and 
ligature  it.  Remove  the  intestines,  liver,  lungs,  etc.,  care  being 
taken  in  cutting  away  the  liver  not  to  injure  the  sinus.  Then 
remove  the  lower  jaw,  and  cut  away  the  whole  of  the  body  except 
the  head,  part  of  the  a^sophagus,  and  the  tissue  connecting  it  with 
the  heart.  Fix  the  head  in  a  clamp  sUding  on  an  ordinarv  stand. 
The  heart  is  held  at  the  auriculo-ventricular  junction  in  a  Caskell's 
clamp  supported  on  a  separate  stand.  The  thread  connected  with 
the  ventricle  is  brought  round  a  pulley  iind  attached  to  a  lever 
above  tbo  heart.     The  auricle  is  connected  with  another  lever.     The 
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wnting  points  of  the  two  levers  are  arranged  in  a  vertical  lino  on  the 
drum.  The  small  pulley  must  be  oiled  from  time  to  time  to  lessen 
the  friction  (Fig.  68). 

6.  Dissection  of  the  Vagus  and  Cardiac  Sympathetic  Nerves  in 
the  Frog. —(I)  Put  the  tissues  in  the  n-gion  of  thr  neck  on  Iho 
stretch  by  pnssinp  into 
the  fuUet  a  narrow  tcst- 
tiibc  or  a  thickglass  rod 
moistened  with  water, 
and  by  pinning  apart 
the  anterior  limbs.  Ex- 
pose the  heart  by  cut- 
liny  through  the  pectoral 
girdle  in  the  way  de- 
scribed in  2  (p.  158).  On 
clearing  awav  a  little 
connective  tissue  and 
muscK>  with  a  seelcer. 
three  Urge  nerves  will 
come  into  view.  The 
upper  is  the  gU»sso- 
pharvngeal,  the  lower 
the  hypoglossal  ;  the 
vagns  crosses  diagonally 
bctwt-en  them  (Fig.  6oJ 
Abt*ve  tnc  vagus  trunk, 
ninnmg  parallel  to  it. 
and  separated  from  it 
bv  3  thm  muscle  and  a 
bloodvessel  (the  carotid 
arter>-).  lies  its  lar>Tigcal 
branch.  The  vagus 
Khould  be  traced  up  to 
the  ganglion  situated  on 
it  near  its  exit  from  the 
skull. 

( ? )  Then  cut  away  the 
lower  jaw.  dividinj;  and 
reflecting  the  membrane 
covering  the  roof  of  the 
mouth.  At  the  junction 
of  the  skull  and  the 
backbone  will  be  seen 
on  each  side  the  levator 
anguU  scapul.-p  muscle 
( Fig.  70 ).  Remove  this 
mnscle  carefully  wth 
fine  forceps.  Clear  away 
a  little  connective  tissue 
lying  just  over  the 
upper  cervical  vertebra, 
ana     the    sympathetic 

chain,  with  its  ganglia,  will  be  seen.  Pass  a  ftne  silk  thread  beneath 
the  symoathetic  about  the  level  of  the  large  hraclual  nerve,  by 
means  of  a  sewing-needle  which  has  been  slightly  bent  in  a  flame 
4nd  fastened  in  a  handle.     Tic  the  ligature,  divide  the  sympathetic 

IX 


Fta.  A**. — Ahhanocwknt  won  kecokdimg  Avricc* 
LAR    AND    Ventricular    Contractions    (anp 

StUDVIKO     the      ISFI.tJKSCK      OV     TkMPE  KATURC 

ON  THE  Heart). 

C,  clamp  holding  the  heart  at  the  auriculo- 
ventricular  groove :  P.  pulley  round  which  a 
thread  attached  to  the  apex  of  the  ve  itride  passes 
to  the  lever  L'  ;  L,  lever  connected  with  auricle. 
(The  rest  of  the  arrangement  b  for  studying  the 
influence  of  temperature  on  the  heart  and  ita 
nerves,  G  being  a  veucl  filled  with  physioKig.c:il 
salt  solution  in  which  the  heart  is  Immersed  ;  R,  an 
inflow  tube  from  a  reservoir  containing  salt  solu- 
tion at  the  tecnperaturc  required  :  O'.  an  outflow 
tulw  by  which  G  may  be  emptied  iuto  the  beaker 
B'  t  O.  a  tube  passing  to  the  beaker  B  to  prevent 
overflow  from  G  ;  T.  a  thermometer.) 
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below  it,  and  isolate  it  carefully  with  fine  scissors  up  to  its  junction 

with  the  vagus  ganglion. 

Batteries— ?'(?  set  up  a  Da*nell  Cell. — Fill  tho  iwrous  pot(lMg.  179, 
P'  535)  l>revii»usly  well  SLKikud  in  wiitcr,  with  dilute  sulphuric  acid 
(]  part  of  commercial  acid  to  U)  or  15  piits  of  water)  to  within 
1 1  inches  of  tJic  brim,  and  place  in  it  the  piece  of  amalgamated 
zinc.  If  the  zmc  is  not  proj^erly  amnlj^amaled,  leave  it  in  the  pot 
for  a  minute  or  two  to  clean  its  surface.  Then  lift  it  out,  pour  over 
it  a  httle  mercury,  and  rub  the  mercury  thoroughly  over  it  with  a 
cloth,  Put  the  pot  into  the  outer  vessel,  which  contains  the  copper 
plate,  and  is  filled  wilh  a  saturated  solution  of  sulphate  of  copper, 

with  some  undis- 
solved crystals  to 
keep  it  saturated. 
After  using  the 
Daniell,  it  must  al- 
ways be  taken  down. 
The  outer  pot  is  left 
with  thecoppei  plate 
and  the  sulphate 
solution  in  it.  The 
zinc  is  washed  and 
brushed  bright.  The 
sulphuric  acid  is 
poured  into  the 
stock  bottle,  and  the 
porous  i^Kjt  put  into 
a  larRC  jar  of  water 
to  soak. 

The  Bichrnmate 
Cell  contains  only 
tn\e  liquid --a  mix- 
ture of  1  part  of 
sulphuric  acid  with 
4  parts  of  a  10  per 
ccut.  solution  of  \*0' 
lassium  bichromate 
[n  this  is  placed  one, 
nr  in  some  forms  two, 
carbon  plates  and  a 
plateoiamalKaniatcd 
zinc.  After  using  the 
battery,  take  the 
zincout  of  the  Uquid. 
nic  Leclanch/  battery  consists  of  a  porous  pot  filled  with  a 
mixture  of  manganese  dioxide  and  carbon  packed  around  a  carbon 
plate,  which  forms  the  jvjsitivc  pole.  The  pot  stands  in  an  outer 
jar  of  glass  filled  with  a  saturated  solution  of  ammonium  chloride, 
into  which  dips  an  umalgamatcd  zinc  rod,  which  constitutes  the 
negative  pole.  Various  forms  of  dry  batteries  can  be  conveniently 
used  for  running  induction-coils  or  time-m?.rkcrs,  but  aro  not 
adapted  for  yielding  constant  currents  of  long  duration. 

7.  Stimulation  of  the  Vagus  in  the  Frog.— Make  the  same  arrange- 
ments as  in  5  (i)  (n.  i5(>),  but.  in  addition,  set  up  an  induction 
machine  arranged  for  an  interrupted  current  (Fig.  71).  with 
Daniell.  a  bichromate,  a  Leclanchc,  or  a  dry  cell  in  the  prima 
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rcuit,  which  should  also  inchido  a  simple  koy.  Insert  a  short- 
rcuiting  key  in  the  secondary  circuit.  Attach  the  electrodes  to  the 
short-circuiting  kcy»  push  the  secondary  coil  up  towards  the  primarv 
until  the  shocks  are  distinctly  felt  on  the  tongue  when  the  Neei's 
hammer  is  set  going  and  the  short-circuitinj;  key  opened.  Pith  the 
brain  of  a  Irog,  expose  the  heart,  dissect  out  tlie  vagus  on  one  side, 
ligature  it  as  high  up  as  possible,  and  divide  above  the  ligature. 
Fasten  the  electrodes  on  the  cork  plate  by  means  of  an  indianibber 
band,  and  lay  the  vagus  on  them.  Set  the  drum  off  (at  slow  speed). 
After  a  dozen  heart-beats  have  been  recorded,  stiiuiilatc  the  vagus 
for  two  or  three  seconds  by  opening  the  short-circiiitin|j  key.  If  the 
nerve  is  active,  the  heart 
will  be  slowed,  weakened, 
or  stopped.  In  the  last 
case  the  lever  will  trace  an 
unl>rokcn  straight  hne  : 
but  even  if  the  stimulation 
is  continued  the  beats  will 
again  begin. 

M .  Stimulation  of  the 
Junction  of  the  Sinus  and 
Auricles.— Aftcrasuthcicul 
number  of  the  observations 
described  in  7  have  been 
taken  with  varying  time 
And  strength  of  stimul.i- 
tion,  take  the  writing- 
f)oints  off  the  drum,  apply 
the  electrodes  directly  to 
the  crescent  at  the  junctimi 
of  the  sinus  venosus  with 
the  right  auricle,  and 
stimulate.  The  lieari  will 
be  affected  very  much  in 
the  same  way  as  by  stimu- 
lation of  the  vagus,  except 
that  during  the  dctuid 
stimulation  its  beats  may 
be  quickened  and  the  in- 
hibition may  only  begin 
after  the  electrodes  ha\f 
been  removed  (Fig.  5  t  . 
p.  12;). 

(>.  Effect  of  Muscarine  (or 
Pilocarpine)  and  Atropia. — 
Paint  on  the  suius  venosus 

with  a  small  camel's-hair  brush  a  very  dilute  solution  of  muscarine 
(or  of  pilocarpine).  The  heart  will*  soon  be  seen  to  beat  more 
alowlv.  and  wdl  ultimately  sto]>  in  diastole.  Now  apply  a  dilute 
■olution  of  sulphate  of  atropia  to  the  iinus.  The  heart  will  again 
l>cgin  to  beat.  Stimulation  of  the  vagus  will  now  cause  no  in- 
hibition of  the  heart,  because  its  endings  have  been  paralyzed  by 
atropia.  (Muscarine  or  pilocarpine  has  also  been  apphcd  to  the 
heart,  but  it  could  be  shown  by  a  separate  experiment  that  atropia 
by  itself  his  the  siimc  effect  on  the  vagus  ending'.^— p.  i },},.) 

10.  Stannius'  Experiment.  -Pith  a  frog.     Kxpose  the  heait  in  the 

II— 2 
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Fig.   70. — Relatiox  or  ths  Sympathetic 
TO  THE  Vagus  in  the  Froc. 

I.  2.  3.  4  are  spinal  nerves. 
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way  described  under  2  (p.  1 58).  Ligahire  the  franum  wnth  a  fine  silk 
thread,  and  iiso  the  thread  to  manipulate  the  heart.  With  a  curved 
needle  pass  a  moistened  silk  thread  betueen  the  aorta  and  the 
suj>eri«:r  vena  cava,  and  tie  it  round  tlie  junction  of  the  sinus  and 
rifiht  auricle  (Fig.  r>4),  The  auricles  and  ventricle  stop  beating  xs 
soon  as  the  ligature  is  tightened.  The  sinus  vcaosus  goes  on  beating. 
Now  separate  the  ventricle  irom  the  rest  of  the  heart  by  an  incision 
through  the  iuiriculo-ventncular  groove,  or  tie  a  second  Ugature  in 
the  groove.  The  ventricle  begins  to  beat  again,  the  auricle  remaining 
quiescent  in  diastole  (p.  1.14).  Occasionally  both  auricle  and 
ventricle,  or  only  tho  auricle,  may  begin  to  beat, 

M.  Stimulation  of  Cardiac  Sympathetic  Fibres  in  the  Frog. — 
f  I )  ht  the  vti^o-syntpathrtic  after  the  iuhihitory  fibres  have  been  cut  out 
hy  atrofiia. — Arrange  everything  as  in  7  (p.  162).  Assure  yourself, 
by  stimulating  the  vagus,  that  it  inhibits  the  heart,  and   take  a 


Fig.  71.— Arkancemknt  or  Ikductiok  Machine  for  Tktanus. 

B,  battery  ;  K,  simjile  key  ;  P,  primary  coil  ;  S,  secondary  criil  ;  A,  C,  binding 
screws  tn  \tt  connected  with  battpry  for  singlf!  shocks  ;  K,  G,  binding  screws  for 
ictanjxing  CTirrent ;  N.  Neefs  hammer;  L>.  short-circuiting  key  in  secondary; 
H,  ekrtrodes.  O  and  E  arc  drawn  to  a  much  largK-r  scal«:  tb<m  the  rest  of  the 
figure. 

tracing  during  stimulation.  Then  paint  a  dilute  solution  of  atropia 
on  the  sinus.  Stimulation  of  the  vagus,  which  is  really  the  vago- 
sympathetic (see  Fig.  70),  will  now  cause,  not  inhibition,  but  aug- 
mentation (increase  in  rate  or  force,  or  both),  since  the  endings  of 
the  inhibitory  fibres  have  been  paralyzed  by  atropia.  The  strength 
of  the  stimulating  current  required  to  bring  out  a  typical  augmentor 
effect  is  greater  tlian  that  needed  to  stimulate  the  inhibitory  fibres. 
Take  a  tracing  to  show  augmentation  produced  by  stimulating  the 
nerve. 

(2)  By  direct  slimuiation  of  the  c^rvicai  symf*athetic. — Make  the 
same  arrangements  as  in  r  i  (i ).  but.  instead  of  isolating  the  vagus, 
dissect  out  the  sympathetic  on  one  side  in  the  manner  described  in 
6  (2)  (p.  161 ).  and  do  not  apply  atropia  to  the  heart.  Lay  the  upper 
(cephalic)  end  of  the  sympathetic  on  very  fine  and  well-insulated 
electrodes,  and  stimulate  (Fig.  37,  p.  134).  (To  insulate  electrodes 
the  points  may  be  covered  with  melted  paraffin.     When  the  paraffin 
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has  cooled,  a  narrow  groove,  just  sufficient  to  lay  bare  the  wires  on 
the  upi>er  side,  is  made  in  it.  and  the  nerve  is  Uid  in  this  groove.) 

Experiments  7,  11  (1)  and  11  (2)  will  be  rendered  more  exact 
by  connecting  a  second  eleclro-magnelic  signal  with  a  Pohl's  com- 
nautator  without  cross-wires  (Fig.  72),  in  such  a  way  that  the  circuit 
is  interrupted  at  the  instant  when  stimulation  begins.  ft~l 

12.  The  Action  of  the  Mammalian  Heart. — Inject  under  the  skin  of 
a  dog  (preferably  a  small  one]  i  c.c.  of  a  2  \ycT  cent,  solution  of  morphia 
hydrochloratc  for  every  kilo  of  body-weight.  As  soon  as  the  morphia 
has  taken  effect  (in  t  5  to  30  minutrs^  but,  better,  after  an  hour),  fasten 


72.— ARRASr.KWfiNT     fOH     lli:rn«I>lNr.     THE     IJrr.IMNISO    AND     Km>    OP 

Sriuui-ATinN. 
C,  Pohr*  rommolator  without  rross-wires  ;  B,  battery  in  circuit  of  prim:u7r 
CKiil  P  ;  B',  b,itt«TV  in  cwctut  of  dectro-magnclic  signal  T  ;  K.  Miiiplr  kry  in 
pnraary  circuit  :  S,  semndurv  cuil.  When  the  bridge  of  ihr  rumniutator  is 
tiltMl  ioto  thr  pifMtiMU  shown  in  the  figure,  tht  primary  circuit  Is  doted  and  the 
circuit  of  the  signal  broken. 

the  animal  back  down  on  a  holder  {as in  Fig.  1 1 1),  pushing  the  mouth* 
pin  behind  the  canine  teeth  and  screwing  the  nut  home.*  In  the 
meantime  select  a  tracheal  cannulat  c(  suitable  size,  and  get  readv 
instruments  for  dissection  -one  or  two  pairs  of  artery-forceps,  a  pair 
of  artery -clamps  (bulldog  pattern),  two  or  three  glass  cannutx  of 

•  A  simple  but  eflident  and  convenient  lioldcr  for  a  dog  may  be  easily 
constructed  aii  follow*.  Take  a  board  of  the  length  required  (2J  to  5  feet, 
uxording  to  the  siie  o(  the  dog).  .\t  one  end  fasten  two  short  upright 
wooden  pins,  with  a  clear  space  of  4  to  fy  inches  between  them.  These 
are  pierced  from  side  to  side  with  four  or  five  holes  at  diHcrent  heights. 
An  iron  pin  passes  behind  the  canine  teeth  of  the  animal  through  two 
coiTe<rK>mling  holes  in  the  uprights,  and  the  muzzle  is  lied  over  this  by 
a  cord  which  secures  the  head.  For  u  large  dog  an  upper  jiair  of  holes 
is  nsed,  for  a  mnall  dog  a  lower  pair.  The  feet  arc  fastener!  hy  cords 
to  staples  insertetl  into  the  sides  of  the  boanl.  the  fore-legs  bt'ing  drawn 
tailwards  for  all  operations  on  the  neck  or  hea<l,  headwanls  tor  nj»cra- 
ttOiM  on  the  thorax.    A  rabbit-holder  c;in  be  nia<le  in  exactly  the  same  way. 

t  A  tracheal  cannula  is  e.i!tily  made  by  heating  a  pirce  of  i(la5s  tubing, 
atiout  t>  inches  long,  a  short  distance  from  one  end.  and  drawing  d  out 
slightly  sj  a-i  to  l'>rni  a  '  neck.'  The  tubing  is  then  bent  about  its  middle 
to  an  obtuse  angle,  ami  the  end  next  the  neck  is  ground  obliquely  on  a 
stone.  The  diameter  of  the  cannula  should  be  about  the  tmnie  as  titat  of 
the  trachea,  into  wiiich  it  ta  to  be  inserted  by  its  obUque  end. 
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various  sizes  for  bloodvessels,  ten  strong  waxed  ligatures,  sponges, 
liot  water,  a  towel  or  two,  and  a  pair  of  bellows  to  be  connected 
with  the  tracheal  cannula  when  the  chest  is  opened.  Arrange  an 
induction-coil  and  electrodes  for  a  tetanizing  current  (Fig.  71,  p.  164). 
With  scissors  cur%xd  on  the  flat  clip  away  the  hair  from  the  front  of 
the  neck.  Put  the  hair  carefully  away,  and  remove  all  the  loose 
hairs  with  a  wet  sponge  so  that  they  may  not  get  into  the  wounds. 
If  the  animal  is  not  fully  an.-esthetized,  give  ether. 

To  put  a  Cannula  in  the  Trachea. — The  hair  having  been  clipped  in 
the  middle  lint*  of  the  neck  and  the  skin  shaved,  a  mesial  incision 
is  to  be  made,  beginning  a  little  below  the  cricoid  cartilage,  which 
can  be  felt  with  the  finger.  The  trachea  is  then  cleared  from  its 
attachments  by  forceps  or  a  blunt  needle,  and  two  strong  ligatures 
arc  jxtssed  beneath  it.  A  single  loop  is  placed  on  each  of  those, 
but  is  not  drawn  tight.  Raising  the  trachea  by  means  of  the  upper 
ligature,  the  student  makes  a  longitudinal  incision  throueh  two  or 
three  of  the  cartilaginous  rings,  inserts  the  cannula,  and  tics  the 
lower  ligature  firmly  around  its  neck.  It  is  well  also,  though  not 
necessary,  to  now  tie  the  upper  ligatuix;.  and  additional  security  may 
be  obtained  by  tying  together  tlie  ends  of  the  two  ligatures  around 
the  cannula. 

Clip  off  the  hair  on  each  side  of  the  sternum.  Make  an  incision 
on  each  side  through  the  skin  and  down  to  the  costal  cartilages  about 
2  inches  from  the  edge  of  the  breast-hone,  and  long  enoxigh  to 
expose  about  four  costal  cartilages  (say,  .?rd  to  6th).  \Vith  a  curved 
needle  pass  waxed  ligatures  round  the  cartilages,  and  tie  firmly  to 
compress  the  intercostal  vessels.  The  bellows  should  now,  or  earlier 
if  any  symptoms  of  ini|iedL'd  respiration  have  iippeared.  be  connected 
with  one  end  of  the  hririiniiit,il  limb  of  a  glass  T-piccc,  the  other  end 
of  which  is  similarly  connected  with  the  tracheal  cannula.  The 
stem  o(  the  T-piece  is  provided  with  a  short  piece  of  rubber  tubing, 
which,  when  artificial  respiration  is  being  carried  on.  is  to  be  alter- 
nately closed  and  owned — closed  during  inflation  of  the  lungs,  and 
opened  when  the  air  is  to  be  allowed  to  cscaj^jc  frf>m  them.  Or  a 
screw-clamp  may  be  adjusted  on  the  piece  of  tubing  so  that  the 
opening  is  sufficiently  narrow  to  jjermit  the  lungs  to  be  properly 
inflated  when  the  bellows  are  compressed,  and  yet  sufTiciently  wide 
to  j>ermit  easy  escape  of  the  air  and  collapse  of  the  lungs  at  the  end 
of  each  inflation.  Kther  may,  when  necessary,  be  administered  by 
inserting  between  the  T-piece  and  the  lube  from  the  bellows  an  ether 
bottle  with  two  lubes  passing  through  the  cork  to  within  an  inch 
01  two  of  the  ether.  If  the  cannula  has  a  sido-opening,  as  is  usually 
the  Cfise  with  metal  cannula:,  the  T-ptcce  may  be  dispensed  with. 
One  student  should  take  sole  charge  of  the  artificial  respiration, 
which  ought  to  be  begun  as  soon  as  the  chest  has  been  ojiened,  and 
continued  at  the  rate  of  about  twenty  inflations  per  minute.  The 
^H  costal  cartilages  arc  rapidly  cut  through  with  strong  scissors  just  on 

^H  the  sternal   side   of   the   hgatures,    the   artificial   respiration   being 

^H  suspended  for  .-in  instant,  as  each  cut  is  made,  to  avoid  wounding 

^H  the  lungs.     The  sternum  is  divided  at  its  lower  end  and  turned  up. 

^™  If  there  is  much  bleeding  a  ligature  should  be  tied  round  its  upper 

f  end.     With  a  curved  needle  a  ligature  is  passed  below  the  internal 

I  mammary-  arteries  as  they  approach  the  sternum.     That  Uone  may 

I  now  be  removed,  and  the  heart,  enclosed  in  the  pericardium,  comes 

I  into  view.   A  thread  is  passed  with  a  suture-needle  through  each  side  of 

I  the  pericardium,  wbicn  is  then  stitched  to  the  chcst-waU  and  opened. 
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(a)  NoU*  the  various 
[portions  of  the  heart. 
\iiht  and  left  ventricles, 
ripht  and  left  auricles, 
with  the  auricular  appen- 
dices. Feci  the  heart  with 
the  hand,  and  observe 
thit  the  right  ventricle  is 
softer  and  has  thinner 
walls  th^n  the  left,  and 
tliat  the  auricles  are 
softer  thin  the  ventricles. 
Note  how  all  the  parts  of 
the  heart  harden  in  the 
hand  during  systole  and 
iSofte-n  during  diastole 
[pp.  67.  70). 

Dissect     out      the 

sympathetic  on  one 

in    the   neck  of  the 

dog.     The   guide   to   the 

nerve     is      the     carotid 

,     These  two  struc- 

ircs    and    the    internal 

jURular   vein    lio  side  by 

in  a  common  sheath. 

■"ocl  for  the  arter>'  a  little 

ixtcrnal   to   the  trachea. 

It  down  on  it,  ojjcn  the 

('.•Ath,  isolate  the  vago- 

'«ympathelic  for  about  an 

inch,    pass   two   ligatures 

under   it,   tic    them,   and 

ividc  between   the  liga- 

ircs.  The  peripheral  and 

■iitral  ends  of  the  nerve 

lay  now  be  successively 

lulated.     Stimulation 

»f     the    peripheral     end 

slowing    of    the 

or     stoppage     in 

iastnle.       Feet     that    it 

iftons  when  it  stops.    It 

begins  to  beat  again. 

StimuUtirn  of  the  ccntr.il 

tnd   of   the  vago-sympa- 

letic    may  or    may   not 

iuao    inhibition.      If    it 

expose    the    other 

;o-sym[»athelic,  divide 

and  rcpc.'tt  the  stimu- 

ttion  of  the  central  end. 

'hero  will  now  be  no  in- 

ubition  of  the  heart.     In- 

identally  it  may  \)C  seen 

ittirouUtion  of    the 


GO^ 


Fig.  7j. — MvocARDmr.RAPii  of  Adami  and  Roy 
(HODirikD  Bv  CrsHHY  ANp  Matthhws). 

AB.  J  p*Tprn(licuIar  rod  descending  from  a 
univeru)  joint,  winch  15  not  »hoA'n  in  the  fifture  i 
Cr>.  a  br.iss  vbrath.  moving  easily  ua  tl«r  rod,  aiid 
bearing  on  its  upper  rnd  an  ivory  pulley,  and  at 
its  loivrr  rnd  a  h<»r)70iital  Uat,  whii  h  is  inter, 
rupled  by  a  plale  ot  hard  mhtwr.  1.  Tht;  prr- 
(N-ndicuLir  r<id  EF  moves  oo  tb«  horizontal  bv 
by  ihr  hingr-ioirtt.  J-  KK  \\  hooVed  at  one  end 
Uv  attachment  If  the  hrart.  and  hored  at  the 
other  for  a  thrt-ad  which,  p^u&ing  over  the  pulley 
at  C.  passes  throui;h  the  univcnal  joint  and 
moves  A  writinit  levtr  not  shown  in  the  figure. 
<'D  is  prevpnled  from  moving  up  AB  bv  a  rin«f  of 
brass.  G.  which  is  screwed  to  AB.  bit  i;  not 
attached  to  CD:  the  hook  P  cAn  therefore  move 
to  and  from  AR.  and  ran  ro  ate  round  i'.  while 
it  c  mnoi  mtm*  up  nr  down  The  hooks  F  and  B 
arc  insulated  from  earh  other  by  the  hard  rubU'T.  I. 
II  is  a  hiridinK  (M»t  thro  ig'i  which,  and  thrwugh 
ano  her  connected  with  A.  iadictl.jn  sSccks 
may  be  p*lsm>i1  ..t  will  ihro  -nt'i  the  porti  >a  oi  the 
heart  l>'ing  between  the  hooks. 
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contrnl  end  of  the  vaRo-syrapathetic  causes  strong,  though,  of  course, 
with  opened  chest,  abortive,  respiratory  movements. 

(c)   Fith  a  frog  (briin  and  cord),  dissect  out  the  sciatic  nerve  on 


one  side  up  to  the  sacral  plexus. 
cut  end  of  the  nerve  on  the  heart. 


Cut  off  the  whole  leg.  Drop  the 
and  hold  the  preparation  so  that 
thu  nerve  touches  the  heart  '\lso 
by  its  longitudinal  surface.  At 
I'Eich  cardiac  beat  the  nerve  is 
stimulated  by  the  action  current 
{Chap.  XI.),  and  the  muscles  of 
the  Icff  contract. 

(f/)  liaise  the  board  so  that 
the  head  of  the  animal  is  down 
and  the  hind  feet  up,  and  note 
whether  there  is  any  effect  on 
llie  aulion  and  fillinK  of  the  heart. 
Rei>cat  the  observation  with 
head  up  and  feet  down, 

{e)  Compress  the  aorta  with 
the  fingers,  and  observe  the  effect 
on  the  degree  of  dilatation  of  the 
various    cavities  ot    the    heart. 


I 
I 


Fici.  74- — Arrangement  to  illustrate  Actios  or  Cardiac  Valves  jk  the 
Heakt  of  an  Ox  (Gad). 

C.  gla&s  window  in  left  auricle  ;  D.  window  in  aorta  ;  K,  tube  inserted  through 
apex  of  heart  into  Irft  ventricle  and  connected  with  pump  P  ;  A.  side  tube  on 
E,  through  which  wires  arc  connected  with  a  tiny  incandescent  lamp  iu  the 
vcnirirle  ;  W,  water  m  bottle  B  ;  T.  T.  lubes. 

Repeat  the  experiment  with  the  inferior  vena  cava,  and  compare 
the  results. 

(/)  Smoke  a  drum.  Insert  the  hooks  of  the  cardiograph  (Fig.  73) 
into  the  ventricle,  takin)?  care  not  to  penetrate  deeply  into  the  wall. 
Arrange  the  lever  to  write  on  the  drum.     While  a  tracing  is 


being  ^J 
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taken   stimulate   the   peripheral  end  of   the  vagus.     Unhook   the 
cardiograph. 

ig)  Stop  the  artificial  respiration,  and  observe  the  changes  which 
take  place  in  the  auricles  and  ventricles,  comparing  particularly  the 
right  side  of  the  heart  with  the  left.  Boforo  the  heart  has  stopped 
beating,  recommence  the  artificial  respiration. 

(A)  When  the  heart  is  again  beating  with  a  fair  degree  of  regularity 
and  strength,  make  a  small  penetrating  wound  with  a  scalpel  in  the 
left  ventricle.  Observe  the  course  of  the  ha*mon-hage,  and  note 
especially  the  difference  in  systole  and  diastole. 

(t)  I  ay  the  electrodes  on  the  heart,  and  stimulate  it  with  a  strong 
interrupted  current.  The  character  of  the  contraction  soon  becomes 
profoundly  altered.  Shallow,  irregular  contractions  flicker  over  the 
surface,  with  r,  kind  of  simmering  movement  suggestive;  of  a  bijiling 
jK)t  (delirium  cordis,  fibrillar  contraction).  Now  kill  the  animnl  by 
slop|iing  the  artificial  re- 
spiration. Observe  how 
Inng  the  heart  continues 
to  belt,  and  which  of  its 
divisions  stops  last. 

(;)  Make  a  disst;ction  of 
the  cervical  sympathetic 
up  to  the  superior  cervical 
ganglion,  and  down 
through  the  inferior  cer- 
vical gaoKlion  to  the 
stellate  or  first  thoracic 
ganglion.  Make  out  the 
annulus  of  Vicusscns  and 
the  cardiac  sympathetic 
(accelerator)  branches 
going  oil  from  the  annulus 
or  the  inferior  ccr\ncal 
ganglion  to  the  cardiac 
plexus  <Rg,  55.  p.  131). 

I  V  Action  of  the  Valves 
o*  the  Heart." (0  Study 
the  acUon  of  the  valves 
of  the  ox-he  irt,  con- 
ncctod  with  the  pump  P 
and  bottle  U  m  the 
artificial  scheme,  as  shown  in  Fig.  74.  The  ca%'ity  of  the  heart 
is  illuminated  by  means  of  a  small  electric  lamp,  the  wires  of  which 
pa*s  in  at  A.  When  the  piston  of  the  pump  is  pushed  down,  water 
is  forced  thrnujjh  the  aorta  D  along  the  tube  T  into  the  bottle,  and 
flows  back  again  into  the  left  auricle  by  the  tube  T',  During  each 
stroke  of  the  pump  the  aunculo-ventncular  valve  is  seen  through 
the  tiitass  disc  mscrtcd  into  C  to  close,  and  the  semilunar  valve  is 
wrn  through  the  ghiss  in  D  to  open.  When  the  piston  is  raised, 
the  semilunar  valve  is  seen  to  be  closed  and  the  auriculo-vcntricular 
valve  to  be  c»pened.  For  compariscm.  a  human  heart  with  a  valvular 
kision  might  l>e  used. 

(J)  With  I  he  sheep's  or  dog*s  heart  provided,  i>crform  the  following 
exprrimcnls  : 

(a)  Open  tlic  pericardium  and  notice  how  it  is  reflected  around 
the  great  vessels  at  the  base  of  the  heart.     Distinguish  the  pulmonary 


Fig.  75.— DiAiiRA.**  of  \Mvi-  m  rut  Klart. 

The  valves  ace  5upp"s.d  to  l>c  viewed  from 
above,  the  aurides  b.iviiij{  been  partially  re> 
tniivctl.  .-I.  aorta  with  semiluniir  valve  ;  D,  \wsA- 
tion  of  r»irp"ra  .\rantii  ;  P,  pulitionary  artery  ; 
ii,  wall  ol  If'ft  atirjrle  ;  M,  mitral  valvr,  with 
I  iind  2,  Its  posterior  and  anleric?  se^tneuts ; 
C.  wall  of  right  auricle ;  7'.  tricuspid  valve,  with 
I. its  posterior;  i.  its  aDtcrior;  and  3.  its  external 
»eK"it^nt . 
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rta,  the  superior  an* 

tis.     The  trachea  and  portions  ot   the  lungs  may  also 
If  so,   remove  them   carefully   without  injuring   the 


.  _  ^  fcrior 

Cuimonary  v  " 
c  attached, 
heart. 

(b)  Take  two  wide  glass  tubea,  drawn  slightly  into  a  neck  at  one 
end.  One  of  the  tubes  should  be  about  to  cm.  long,  and  the  other 
about  50  cm.  Tie  the  short  tube  A  firmly  by  its  neck  into  the 
superior  vena  cava,  the  Umg  tube  B  into  the  pulmonary  artery. 
Ligature  the  inferior  vcua  cava.  Canncct  A  by  a  small  piece  cf 
rubber  tubin^^  with  a  funnel  supported  iii  a  ring  on  a  stand.  Pour 
witcr  into  the  hmnel  till  the  right  side  of  the  heart  is  full.  It  will 
eacape  from  the  left  azygos  vein,  which  must  be  tied.  Put  on  any 
additional  ligatures  that  may  be  needed  to  render  the  heart  water- 
tight. Supi>ort  B  in  the  vertical  position  by  a  clamp.  Fill  the 
funnel  with  water,  and  it  will  rise  in  B  to  the  same  level  as  in  the 
funnel.  Now  compress  the  right  ventricle  with  the  hand,  and  the 
water  wU!  rise  higher  in  B.  Kclax  the  pressure,  and  notice  that  the 
water  remains  at  the  liigher  level  in  B,  being  prevented  by  the  semi- 
lunar valves  from  flowing  back  into  the  ventricle.  By  alternately 
compressing  the  ventricle  and  allowing  it  to  relax,  water  can  be 
pumped  into  B  till  it  escapes  from  its  up|x;r  end,  and  if  this  is  so 
curved  that  the  water  falls  into  the  funnel,  a  'circulation  '  which 
imitates  that  of  the  blood  can  be  establishetl.  Note  that  during  the 
pumping  the  sinuses  of  Valsalva,  beliind  the  semilunar  valves  at  the 
origin  of  the  pulmonary  artery,  become  prominent. 

{c)  Take  out  B  and  tear  out  one  of  the  segments  of  the  semilunar 
valve.  Replace  B,  and  notice  that  wliilc  compression  of  the  ventricle 
has  the  same  effect  as  before,  the  water  no  longer  keeps  its  level  011 
relaxation,  but  regurgitates  into  the  ventricle.  Tliis  dlustrates  tlie 
condition  known  a«  insufficiency  or  incompetence  of  the  valves.  But 
if  the  injury  is  not  too  extensive,  it  is  still  possible,  by  more  vigorously 
and  more  rapidly  compressing  the  heart,  to  pump  water  into  the 
funnel.  This  illustrates  the  establishment  of  cmnpensation  in  cases 
of  valvular  lesion. 

id)  Now  remove  both  tubes.  Tie  the  pulmonary  artery.  Cut 
away  the  greater  part  of  the  right  auricle.  Pour  water  into  the 
auriculo-vcntricular  orifice,  and  notice  that  the  segments  of  the 
tricuspid  valve  arc  floated  up  so  as  to  close  the  orifice.  Invert  the 
heart,  and  the  ventricle  will  remain  full  of  water.  Open  the  right 
ventricle  carefully,  and  study  the  ]>apiliary  muscles,  and  the  chordae 
tcndinca*.  noting  that  the  latter  arc  inserted  into  the  lower  surface 
of  the  segments  of  the  tricuspid  valve,  as  well  as  into  their  free  edges. 

(f )  Rei)eat  (6),  (c).  .ind  (rf)  on  the  left  •^idv  of  the  heart,  tying  tube 
B  into  the  'iorta  as  far  from  the  heart  as  possible,  and  A  into  the  left 
auricle. 

(/)  Separate  the  aorta  from  the  left  ventricle,  cutting  wide  of  its 
origin  so  as  not  to  injure  the  semilunar  valves,  and  tic  a  short  wide 
tube  into  its  distal  end.  Fill  the  tube  with  water,  and  notice  that 
the  valves  support  it.  Cut  open  the  aorta  just  betu'cen  two  adjacent 
segments  of  the  valve,  and  notice  the  pockets  behind  the  segments, 
and  how  they  arc  related  to  each  other,  and  connectjA^  to  the  wall  of 
the  vessel. 

14.  Sounds  of  the  Heart, —(a)  In  a  fellow-student  notice  the 
f>osition  of  the  cardiac  impulse,  the  chest  being  well  cxj-KJsed.  Use 
both  a  binaural  and  a  single-tube  stethoscope.  Place  the  chest-piece 
of  the  stethosco[x;  over  the  impulse,  and  make  out  the  two  sounds 


i 
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and  the  pause.  (6)  With  the  hand  over  the  radial  or  brachial  artery, 
try  to  detenninc  whether  the  beat  of  the  pulse  is  felt  in  the  period 
of  the  sounds  or  of  the  pause,  {c)  Listen  with  the  stethoscupo  over 
the  junction  of  the  second  right  costal  cartilage  with  the  Jitcrnuin, 
and  compare  the  relative  intensity  of  the  two  sounds  as  heard  here 
ith  Ihcir  relative  intensity  as  heard  over  the  cardiac  impulse. 


Fig.  76.— Makey's  TAMbot'R. 


J  5.   Cardiogram. — Smoke  a  drum,  and  arrange  a  recording  tam- 
lar  and  a  time-marker  beating  half  or  quarter  seconds  to  write 
on  it  (Fig.  66.  p.  t$<)).     Apply  the  hiitinn  of  a  cardiograph  (Fig.  ly, 


i\  70)  over  your  own  cardiac  impulse,  and  fasten  it  round  the  body 
uy  the  bands  attached  to  the  instrument.  Connect  the  cardiogranb 
by  an  indiarubber  tube  with  a  recording  tambour  (Fig.  76).  Set  the 
drum  off  at  a  fast  speed,  take  a  tracing,  and  varnish  it.  CtimjKire 
with  Fig.  30  (p.  7r),  and  measure  out  on  the  cardiogram  the  time- 
value  of  the  various  events  in  the  cardiac  revolution. 

For  the  cardiograph,  a 
Amall  gl?„ss  funnel,  or 
tliistle  tube,  the  stem  of 
which  is  connected  with 
the  recording  t:irabour, 
may  be  substituted,  the 
broad  end  of  the  funnel 
being  presse<i  over  the 
apex-beat. 


Fir..  ;?. — Dunc.FOM's  Spmvomociiapm. 

id.  Sphygmographic  Tracings.— Attach  a  Marey's  sphypmograph 

^>K-  *7'  P-  7**)  tt^he  arm.      Fasten  a  smoked  pajxT  on  the  plate  D. 

Lpply  the  pad  Crlf  the  sphvgmograph  to  the  wrist  over  the  point 

rhere  the   pulse  of  the  radivl  artery  can   be  most  distinctly  fell. 

pist  the  pressure  by  moving  the  screw  (i.     The  wntmg-point  of 

lever  E  will  rise  and  fidl  \rith  every  pulse-brat.     When    cvcry- 

is  satisfactorily  arranged,  set  oB  the  clockwork  wlxich  moves 
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the  plate  D,  and  u.  pulse  tracing  will  be  obtained.  Stud; 
changes  which  can  be  produced  in  the  pulw;  curve — (a)  by  altering^ 
the  position  of  the  body  {sittin;;!^  standing,  and  lying  down)  ;  (6)  by 
(c)  by  inhalation  of  2  drops  of  amyl  nitrite  poured  on  a 
handkerchief ;  {d)  by  raising  the 
arm  above  the  head  and  letting  it 
tiang  at  the  side  ;  (e)  by  compres- 
sion of  the  brachial  artery  at  the 
bend  of  the  elbow  ;  (/)  by  altering 
lUc  pressure  of  the  jjad.  Varnish 
the  tracings  aftei-  ni;irkingoii  them 
the  conditions  under  which  they 
were  obtained. 

A  Dudgeon  *s  sphygmograph 
(J'^B-  77)  may  also  be  employed. 
Or  a  small  glass  funnel  or  thistle 
tube  connected  with  a  recording 
lamboiir  may  be  pressed  over  the 
carotid  artery.  The  lever  of  the 
tambour  writes  on  a  drum,  on 
which  at  the  same  time  half  or 
quarter  seconds  are  marked  by  an    ctcctro-magnetic  signal. 

17.  Plethysmographic  Tracings.  —Connett  the  vessel  C  (Fig.  42, 
p.  103)  with  B.  pliLCC  the  arm  in  it.  and  adjust  the  indiarubbcr  band 
to  make  a  watertight  connection.  Support  C  so  that  the  arm  rests 
easily  within  it,  and  fill  it  with  water  at  body  teniperature.  Adjust 
a  wnting-ix>int,  carried  by  the  flo^t  A,  to  write  on  a  drum,  and  close 


THE  Pulse  (Marey). 

Upper     tracing,     ourmal : "  lower. 
after  ruiuung. 


FlCt.   70. — Ki'i'ECT  np  Amyi.   Nitrite  "N  the 
Pulse  (Marky). 

L^pper  (rariii);.  nnrtiial  ;  lower,  after  inhala* 
lion  of  amyl  nithtr. 


Fiti.    to.  —  Puuse    Tracings 

PKOU  DIFFERENT  AkTERIBS. 

T,  tcinpnriki  :  K,  radial  ;  /*, 
arlory  of  lutii  (v.  Frey). 


the  upper  tubiihire  of  C  with  a  cork.  The  quantity  of  blood  in  the 
arm  is  increased  with  cverv  systole  of  the  left  ventricle,  diminished 
in  diastole.  The  float  will  therefore  rise  when  the  ventricle  con- 
tracts, and  sink  when  it  relaxes.  Or  C  may  be  connected  by  a  rubber 
tut>e  with  a  recording  tambour  writing  on  the  drum.     No  water 
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mat  get  into  the  tambour,  and  it  is  well  to  insert  a  piece  of  glass 

tubing  in  the  connection  between  it  and  the  pictliysmograph,  so 
tluit  it  may  be  seen  when  the  water  is  rising  too  high.  A  T-piece 
with  a  short  piece  of  rubber  tubing  on  Ihe  stem  should  be  inserted 
m  the  course  of  the  tube  leading  to  the  tambour.  All  adjustments 
are  made  with  the  T-piece  open,  and  when  a  tracing  is  to  be  taken 
the  short  rubber  tube  is  closed  by  a  chp.  Arrange  a  time-marker 
write  half  or  quarter  seconds  <  Fig.  fVS,  p.  159).  Mosso'aarm  plothys- 
lograph  (Fig,  «i)  may  also  bo  used, 
(i)   Take   tracings   with    the    arm    {a)   horizontal,    {b)    hanging 


arm   horizontal, 


take  tracings  to  show  the  effect 
Ui)  i*f  closing  and  o]>ening  the 
list  mside  the  plcthysmograph  ;* 
{h)  of  applying  a  tight  bandage 
round  the  arm  a  little  way  above 
I  lie  indiarubber  band ;  {c)  of 
InlKiliny  2  drops  of  amyl  nitrite. 
Instead  of  the  arm  plethys- 
mrrgraph  a  small  plethysmograph 
to  hold  a  linger  may  be  employed. 
It  consists  of  a  glass  tul)c  drawn 
out  at  one  end.  The  wide  end  is 
provided   with  a  rubber  collar 


Pig.    fil. — PLKTIIVSMOGRArH   (Mo9«o). 

.W.  bmUnr:ed  test-lube,  in  rommunicatioD  with  D.     Whrn  water  passes  from 

D  to  M,  or  (rem  A/  to  O,  M  moves  down  or  up.  and  its  movoiuents  are 

by  tbe  writing-point  N.     M  is  steadied  by  the  liquid  in  Py  into  which  it 

The  narrow  end  is  connepted  by  a  small  rubber  tube  with  a  very 
small  and  sensitive  recoraing  tambour,  a  T-piece  l>eing  inserted  on 
thoconnection  as  before.  Witli  Uie  T-piece  closed  fill  the  tube  with 
jmtttr.  Then,  holding  uy  the  wide  end  of  the  tube,  tbe  tip  of  the 
iger  ii  put  in  so  as  just  to  close  the  tube.  The  T-piece  is  then 
kised  and  opened,  and   the  tinker  pushed  in  as  far  as  it  will  go. 

OosinfE  the  fist  causes  a  Call  in  the  curve,  i.e.,  a  diminution  in  the 
tlumr  of  the  arm.     On  opening  the  hand,  the  carve  regains  ita  level. 
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The  collar  must  lit  the  finger  so  as  to  form  a  watertight  joint 

get  the  proper  pressure  in  the  tambour  by  blowing  into  the  T-piece, 

and  close  the  clamp.     A  time  tracing  can  bt'  taken  as  before. 

|8.  Pulse-rate. — (i)  Count  the  radial  pulse  for  a  minute  in  the 
sitting,  supine,  and  standing  positions.  Use  a  stop-watch,  setting 
it  off  on  a  pulse-beat  and  counting  the  next  beat  as  one.  Make 
three  observations  in  each  position. 

(2)  Count  the  pulse  in  a  person  sitting  at  rest,  and  then  again  in 
the  sitting  jxisition  immediately  after  active  muscular  exertion. 
Note  how  iony  it  takes  before  the  pulse-rate  comes  back  to  normal. 

(3)  Count  the  pulse  in  a  person  sitting  at  rest.  Kei>eat  thf 
observation  while  water  is  being  slowly  sipped,  and  note  any 
change. 

{4)  With  one  hind  over  the  thorax  of  a  rabbit,  count  its  pulse. 
Then  notice  the  cflfcct  (a)  of  suddenly  closing  its  nostrils.  [6}  of 
bringing  a  small  piece  of  cotton -wool  sprinkled  with  ammonia  or 
chloroform  in  front  of  the  nose  {reftex  inhibition  of  the  heart), 

19.  Blood-pressure  Tracing. — {a)  Put  a  dog  under  morphia  (p.  46). 
Set  up  an  induction  machine  arranged  for  an  interrupted  current 
(Fig.  71,  p.  164).  Fill  the  U-shaped  manometer  tube  (if  this  has 
not  already  been  done)  with  clean  mercury  to  the  height  of  10  to 
\2  cm,  in  each  limb.  If  the  float  tends  to  stick,  half  an  inch  of  oi! 
may  be  put  above  the  mercury  in  the  distal  {straight)  hmb  before 
putting  in  the  float.  But  where  the  mercury-  is  clean  and  dry.  and  the 
size  of  the  float  properly  adjusted  to  that  of  the  tube,  this  is  not 
nccessiry,  and  is  to  be  avoided.  Then,  tilting  the  tube  carefully, 
fill  the  proximal  limb  {t\e.,  the  limb  which  is  to  be  connected  with 
tho  bloodvessel)  with  a  saturated  solution  of  .H,jdium  carbonate  or 
a  half-saturated  solution  of  magnesium  sulphate,  or  what  is  better 
for  most  purposes,  a  2  per  cent,  solution  of  sodium  citrate. 
This  is  easily  done  by  means  of  a  pijwtte  furnished  with  a  long 
point.  Now  attach  a  strong  rubber  tube  to  the  proximal  end 
of  the  manometer,  and  fill  it  also  with  tho  solution.  All  air  must 
bo  got  out  of  the  manometer  and  its  connecting-tube.  I^ise  the 
end  of  the  rubber  tube  and  blow  into  it.  so  as  to  cause  a  difference  of 
about  10  cm.  in  the  height  of  the  mercury  in  the  two  limbs  of  the 
manometer,  and,  without  releasing  the  pressure,  clamp  the  tube 
with  a  pinchcock  or  screw  clamp  (Fig.  2Q,  p.  87). 

Now  smoke  a  drum,  and  arrange  the  writing-point  of  the  mano- 
meter-float so  that  it  will  write  on  it.  Suspend  a  small  weight  by  a 
piece  of  silk  thrcjid  from  a  support  attached  to  the  stand  of  the 
drum,  so  thit  it  hmgs  down  outside  of  the  uxiting-point  of  the 
manometer-float  and  always  keeps  it  in  contact  with  the  smokcnf 
surface  without  undue  friction.  Or  a  piece  of  glass  rod  drawn  out  to 
a  fine  thread  in  the  blowpipe  flame  answers  very  well.  Below  the 
writing-point  of  the  float,  and  in  the  same  vortical  line  with  it, 
adjust  the  writing-point  of  a  time-raarker  beating  seconds  (Fig.  66, 
p.  »59). 

Next,  fasten  the  animal  on  a  holder,  back  down.  Give  ether  and 
insert  a  tracheal  cannula  (p.  166).  (The  tracheal  cannula  is  not 
absolutely  required  for  the  experiment,  but  it  is  convenient,  as  the 
animal  is  more  under  control,  and  artificial  respiration  can  be  t>egun 
at  any  moment,  should  this  be  necessary.)  Insert  a  glass  cannula, 
armed  with  a  short  piece  of  rubber  tubing,  into  the  central  (cardiac) 
end  of  the  carotid  arterv  (p.  46),  Leaving  the  bulldog  forceps  on 
the  artery,  fill  the  cannula  and  tube  with  the  sodium  citrate  or  one 
of  the  other  solutions.     Slip  the  rubber  tube  over  a  short  glass  con- 
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necting  tube.  Fill  this  also  with  the  solution,  and  connect  it 
manometer-tube,  seeing  that  both  are  quilt'  fuU  nf  lic[!iid, 
no  air  may  be  enclosed.  ry 

Where  a  permanent  working  place  is 
provided  for  blood -pressure  ex  j>erimenth 
It  is  conxT-nicnt  to  connect  thr  c;innii1a 
and  manometer  with  a  jircssMre-bnttU 
contaming  the  sodium  citrate  snlutirm,  B 
and  to  use  a  three-way  cannula  for  tlio 
bloodvessel  (Fig.  82).  The  ciinmda  has 
a  bulbous  enlargement,  which  hinders 
clotting.  The  end  ol  the  cannula  is 
connected  with  the  tube  from  the  pres- 
.surc-boltlc,  which  is  closed  by  a  clip, 
and  the  side  tube  is  connected  with  one 
limb.  E.  of  the  manometer  shown  in 
Fig.  83.  E  is  itself  provided  with  a 
side-tube,  F,  armed  with  a  short  piece  of 
rubber  tubing.  The  cannula  does  not 
require  to  be  filled  with  liquid  before 


with  the 

so  that 


F(0.  64. — Tmrkb-wav  Cakhula. 

being  inserted  into  the  artery.  By 
opening  F  and  releasing  the  clip  on 
the  tutic  from  the  pressure-bottle  the 
cannula  and  the  tube  connecting  it  with 
ihe  manometer  can  be  hlleJ.  and  any 
bloodclots  can  be  easily  washed  out  in 
the  course  of  an  ex|>enment.  Before 
the  bulldog  forceps  is  taken  off  the 
artcri,-  to  obtain  a  blood  -  pressure 
tnicing.  F  must  be  closed,  and  the 
chp  on  the  tube  from  the  pressure- 
bottle  opened.  The  bottle  is  attached 
to  a  strong  cord  passing  over  a  puUev, 
bv  which  it  is  raised  to  a  aeigfct 
sufficient  to  balance  approximately  the 
pressure  in  the  artery.  The  tube  to  the 
pressure-bottle  is  then  chpped.  If  no 
manometer  with  side-tube  is  available, 
a  T-piece  can  be  inserted  in  the  connection  between  the  cannula 
land  the  manometer,  and  the  cannula  can  be  washed  out  through  this. 


83.  --  Manuhiitur    with 
SiuK-Titift  (Guthrie). 

A.  float  ;  B.  collar  througfa 
wh  ch  the  wrire  C  of  the  float 
moves;  1).  vc  tical  w  re  bxed 
to  manometer  •  holder,  wbidi 
keeps  the  writlDg-p  lot  on  tbe 
drum  :  I-.,  limb  of  manometer 
comiccte  I  with  ca  in  I'a,  with 
its  side-piece,  F. 
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Now  take  the  bulldog  forceps  off  the  artery,  and  allow  the  drum  to 
revolve  at  slow  speed.  The  \\Titing-point  of  the  manometer-float 
will  trace  a  cur\'c  showing  an  elevation  for  each  heart-boat,  and 
longer  waves  due  to  the  movements  of  respiration. 

{b)  Isolate  the  vago-synipathetic  nerve  in  the  neck.  Ligature 
doubly,  and  cut  between  the  ligatures.  Stimulate  the  peripheral 
(lower)  end;  the  heart  will  be  slowed  or  stopped,  and  the  blood- 
pressure  will  fall.  Stimulate  the  central  (upper)  end  ;  there  may  be 
intiibition  of  the  heart  or  acceleration,  and  the  pressure  may  fall 
or  rise. 

(c)  Expose  and  divide  the  other  vago-sympathetic  while  a  tracing 


stimulated    ^^^ 


All  mi  ilcite 


Fig.  ^4.— Blood-pressure   Tracing  pkom  a  Dog  :  StiuuLATtoN  of  Central 

AND    PERIPKBRAL    HnDS    Of    VaGUS. 

The  other  vagus  was  intact.  StimuIatioD  of  the  peripheral  end  caused  stoppage 
of  the  heart  and  a  marked  (all  of  pressure.  Stimulation  of  the  central  end  pro- 
duced a  great  rise  of  pressure,  with,  perhaps,  a  slight  acceleration  of  the  heart. 

is  being  taken.     Again  stimulate  the  central  end  of  the  nerve,  and 
observe  whether  there  is  any  elTect. 

{d)  Expose  the  sciatic  nerve  in  one  leg,  as  follows:  The  leg  having 
been  loosened  from  the  holder,  the  foot  is  seized  by  one  hand  and 
lifted  straight  up.  so  as  to  put  the  skin  of  the  tlugh  on  the  stretch. 
An  incision  is  now  made  in  the  middle  line  on  the  posterior  aspect 
of  the  thigh,  through  the  skin  and  subcutaneous  tissue.  The 
mu?cles  are  separated  in  the  line  of  the  incision  with  the  fingers, 
and  the  sciatic  ner\'e  comes  into  view  lying  deeply  between  them. 
Place  a  double  ligature  on  it.  and  diWde  between  the  ligatures. 
Stimulate  the  upper  (central  end)  ;  the  blood- pressure  probably 
rises,  and  the  heart  may  be  accelerated.  Stimulate  the  peripheral 
end  of  the  nerve  ;  there  is  little  change  in  the  blood- pressure  and 
none  in  the  rate  of  the  heart. 
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(e)  Note,  incidentally,  that  stimulation  of  the  central  end  of  the 
sciatic  or  the  upper  (cephalic)  end  of  the  vago-sympathetic  may 
cause  increase  in  the  rate  and  depth  of  tht  respiratory  movements. 
Dilatation  of  the  pupil  is  also  caused  by  stimulation  of  the  upper 
end  of  the  vago-sympathctic  through  the  sympathetic  fibres  that 
supply  the  iris. 

(/)  Again  stimulate  the  peripheral  end  of  one  vagus,  or  of  both 
at  the  same  time,  while  a  tr;icing  is  being  taken,  and  see  how  long 
it  is  possible  to  keep  the  heart  from  beating.  Sometimes,  but  rarelVf 
in  the  dog  inliibition  can  be  kei)t  up  so  long  thai  the  animal  dies. 

(f)  CIo»e  the  tracheal  cannula  so  that  air  can  nu  longer  enter  the 
lung.4.  In  a  very  short  time  the  blood -pressure  curve  begins  to  rise 
(rise  of  asphyxia).  After  some  minutes  the  pressure  falls,  and  finally, 
when  the  circulation  has  stopped  completely  and  the  pressure  has 
become  equalised  throughout  the  whole  vascular  system,  a  residual 
pressure  ot  only  a  few  mm.  (usually  about  lo  mm.  Hg)  is  indiciited. 

jn    order   to   get   the   true   zero   pressure,  disconnect   the   arterial 

pCannuta  from  the  manometer,  and  allow  the  writing-uoint  to  traco 

horizontal  straight  line  (lino  of  zero  pressure)  ou  the  drum  (Figs.  6i 

2n,  The  Influence  of  the  Position  of  the  Body  on  the  Blood- 
pressure.  —Inject  into  the  rcclum  of  a  dog  3  to  4  grm.  of  chloral 
nydratc  dissolved  \n  a  little  water.  See  that  it  docs  not  run  out 
ragain  immrdiatcly  after  injection.  In  ten  minutes  anaesthetize  the 
I  animal  fully  with  a  mixture  of  equal  parts  of  alcohol,  chloroform,  and 
ether  (one  of  the  so-called  A.C.K.  mixtures),  or  witli  chloroform,  and 
tie  it  \ory  securely,  back  downward,  on  a  board  which  can  be  rotated 
around  a  horizontal  axis,  corresponding  in  position  to  the  point  at 
i^which  the  cannula  is  to  be  inserted.*  Set  up  a  drum  and  manometer 
m  10  (n.  I7j),  but  with  a  rubber  connecting-tube  of  such  length 
;as  will  allow  free  rotation  of  the  board.  Put  a  cannula  in  the 
^trachea.  Insert  a  cannula  into  the  central  end  of  the  carotid 
j;arter\'  at  a  point  inmicdiatcly  above  the  axis  of  rotation  of  the  board, 
>and  connect  it  with  the  manometer.  * 

(a)  Take  a  blood-pressure  tracing  with  the  board  horizontal. 
(6)  Whilst  the  tracing  is  being  takca,  rotate  the  board  so  that 
the  position  of  the  animal  becomes  vertical,  with  the  feet  down. 
Mark  on  the  tracing  the  moment  when  the  change  of  ]X)sition 
takes  place.  The  pressure  falls.  RepUce  the  dog  in  the  hori- 
zontal iM>5ition.  The  manometer  regains  its  former  level.  Now 
rotate  the  board,  till  the  animal  is  ^gain  vertical,  but  with  feet 
up  and  head  down,  and  observe  the  effect  on  the  blood-pressure. 
Tne  respiratory  variations  are  usually  greater  with  feet  down 
than  with  head  down.  Notice  in  both  cases  whether  there  is  any 
change  in  the  rate  nf  the  heart. 

•  A  simple  arrangement  lor  this  purpose  in  a  boar<l  with  a  number  of 
•taplev  fastened  tn  pairs  into  it^  lower  surface,  90  tltat  an  iron  rod  can  l>c 
|ni<^e4t  tlu-ough  anv  pair,  and  form  a  liorirontal  axift  at  right  angles  to 
the  length  of  the  hoanl.  The  <log  having  been  tie<l  down,  the  rod  i» 
|m4hril  throiijjh  tKr  pair  of  st.ipIcH  rorresponiling  to  the  pcisition  of  the 
iCAnnnlA  in  Die  artery  Hiat  is  to  ho  connecit^d  with  the  ni.inomt*ter.  The 
:ltnM  t-nds  ol  the  rod  re^it  in  two  ordinary  clump-holders.  laMenctl  at 
rrnient  height  on  two  strong  stands,  whose  l>asL-s  are  clamped  to  the 
a  table.  The  other  end  of  the  lioard  i«i  .Hup|x)rtcd  Ity  a  piece  ol 
that  reits  on  the  floor,  anti  can  be  renioveii  when  the  Itoard  is  to  be 
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(c)  Take  the  board  cfl  the  stands,  lay  it  on  a  table,  e 
femoral  artor>',  and  insert  a  cannula  into  it.  Shift  the  axis  so 
that  it  now  Ucs  below  this  cannula.  Replace  the  board  on  the 
stands,  and  repeat  (a)  and  (6).  The  fall  of  pressure  will  now 
take  place  in  the  head-down  position.*  In  the  lect  down  position 
(with  the  cannula  in  the  femoral  artery)  a  rise  ol  pressure  in 
general  takes  place.  But  sometimes  this  is  very  small,  and  lasts 
only  a  few  seconds,  being  succeeded  by  a  fall,  during  which  the 
heart-beatj  on  the  tracing  are  much  weaker  than  before,  since 
enough  blood  is  not  reaching  the  heart  to  enable  it  to  maintain 
the  pressure.  In  the  feet-down  position  see  whether  the  corneal 
reflex  can  be  got.  If  not,  as  is  likely,  turn  the  animal  into  the 
head-down  position.  The  reflex  may  now  soon  be  obtained,  and 
it  may  again  disappear  on  putting  the  animal  in  the  feet-down 
position.  If  the  chloroform  anaesthesia  is  light  the  reflex  may  not 
be  abolished  in  the  leet-down  position,  although  strung  respiratory 
movements  may  occur,  owing  to  anaemia  of  the  medulla  ob- 
longata. 

2 1 .  Effects  of  Haemorrhage  and  Transfusion  on  the  Blood- 
pressure.  -  Anaesthetize  a  dog  with  morplua  and  ether,  and  insert 
cannula  into  the  trachea.  Put  a  cannula  into  the  central  end  of  the, 
carotid  arterv*  and  another  into  the  central  end  of  the  femoral  arterVf ' 
Then  insert  a  cannula,  which  should  have  a  piece  of  indiarubberj 
tubing  2  to  3  inches  in  length  on  its  wide  end,  into  the  central  end] 
of  the  femoral  vein  on  the  opposite  side.  In  doing  this  more  care 
is  necessary  than  in  putting  a  cannula  into  an  artery.  Feel  for  the 
femoral  artery,  cut  down  over  it,  and  with  forceps  or  a  blunt  needle 
separate  the  tcmoral  vein  from  it  Icr  about  an  inch.  Pass  two 
Ugaturcs  under  the  vein,  and  tie  a  loose  loop  on  each.  Put  a 
pair  of  bulldog  forceps  on  the  vein  between  the  Ugaturcs  and  the 
heart.  Now  tie  the  lower  (distal)  hgature,  and  cut  one  end  short. 
The  piece  of  vein  between  it  and  the  bulldog  forceps  is  thus  dis- 
tended with  blood,  and  this  facilitates  the  next  step.  With  fine- 
pointed  scissors  make  a  snip  in  the  wall  of  the  vein.  The  cannula 
15  now  pushed  through  the  slit  in  the  vein,  and  the  upper  ligature 
tied  hrmly  round  its  neck.  By  the  aid  of  a  pipette,  made  by  drawing 
a  piece  oi  glass  tubing  out  to  a  long  point,  the  cannula  and  rubber 
tube  arc  then  completely  filled  with  ov;  per  cent,  salt  solution.  Be 
sure  to  pass  the  jwmt  of  the  pipette  right  down  to  the  jioint  of  the 
cannula,  so  as  to  dislodge  any  bubble  of  air  that  may  tend  to  cling 
there.  Then,  holding  up  the  open  end  of  the  rubber  tube,  close  it, 
without  allowing  any  air  to  enter,  by  means  of  a  screw  clamp  or 
bulldog  forceps,  or  a  small  piece  of  glass  rod.  Connect  the  cannula 
in  the  carotid  with  a  manometer,  arranged  to  write  on  a  drum  as 
in  experiment  ig  (p.  174).  Take  the  bulldog  off  the  carotid,  and 
measure  the  ditlcrcace  in  the  level  of  the  mercury  in  the  two  Unibs 
of  the  manometer  with  a  miUimetre  scale. 

(I)  {a)  While  a  tracing  is  being  taken,  draw  off  about  10  c.c.  ^l 
blood  from  the  femoral  artery,  and  observe  whether  there  is  any 
effect  on  the  tracing.  Mark  on  the  tracing  the  moment  when  the 
removal  of  the  blood  begins  and  ends. 

•  Jn  16  dogs  Iht?  fall  of  pressure  in  the  carotid  in  the  lcct-do\\u  posi- 
tion varied  from  12  to  100  mm.  ol  mercury  ;  average  fall.  44-4  mm.  In 
13  out  ol  the  It  animals  the  rise  of  pressure  in  the  head-down  position 
varied  from  2  to  36  mm.  :  in  i  there  was  no  change  ;  in  3  there  was  a  fall 
of  5  to  24  mm. 
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(6)  Repeat  [a],  but  nin  off  about  too  c.c*  of  blood,  and  left  this 
h%  immediately  dcftbrinated.  Then  draw  nflf  portions  ot  loo  cc* 
at  short  intervals  until  a  distinct  hdi  of  blood-pressure  has  been 
produced.  AU  the  siimples  of  blood  should  be  defibrinated  and 
strained  through  cheese-cloth. 

(2)  (a)  Now,  wliile  a  tracing  is  being  taken,  inject  the  whole  of 
the  defibrinated  blood  slowly  tlirough  the  cannula  in  the  femoral 
vein  by  means  of  a  funnel  supported  by  a  stand  at  such  a  height  that 
the  blood  runs  in  easily.  A  pinchcock  should  be  put  on  the  tube 
connecting  the  funnel  and  the  cannula,  and  this  should  be  closed 
before  the  funnel  is  quite  empty,  fo  as  to  obviate  any  risk  of  air 
getting  into  the  vein.  Of  course,  the  cannula  and  connecting-tubes 
must  all  be  freed  from  air  before  injection  is  begun.  Again  measure 
the  difference  in  the  level  of  the  mercury  and  compare  the  pressure 

ith  that  observed  before  the  finit  ha?morrhagc. 

(6)  Inject  into  the  vein,  while  a  tracing  is  being  obtained,  about 
tioo  c.c*  of  oy  per  cent,  salt  solutmn  heated  to  40°  C„  and  go  on 
'injecting  portions  of  100  c.c.  until  a  distinct  rise  of  pressure  has  taken 


P.p!,... 


^yr,f^•A^,,^^^'•^^'"^\, 


Fig.   >*5-  — Efffct  or  Ivjkctiom   or   PeptoNk  on    i 

1 N     A     r>OG. 

(To  be  read  from  nght  to  left.) 


place*  keeping  a  record  of  the  total  amount  injected,  and  marking  the 
time  of  each  injection  on  the  curve. 

(c)  After  an  interval  of  thirty  minutes,  again  measure  the  height  nf 
the  mercury  in  the  manometer.  Then  bleed  the  dog  to  dciith  wliile 
lA  tracing  is  bcm^  recordetl. 

22.  The  Influence  of  Albumoses  (and  Peptones)  on  the  Blood- 
pressure. — Set  up  the  apparatus  for  taking  a  blood-pressure  tracing 
as  m  experiment  ig  (p.  174),  but  omit  the  induction-coil.  Weigh 
dog.  Weigh  out  a  qtiantit^'  of  Witte's  peptone  equivalent  to 
|o'5  gramme  for  eveiy  kilo  of  body-weight.  Dissolve  the  peptone 
!in  about  ten  time**  its  weight  of  0*9  per  cent,  salt  solution.  Anaesthc- 
the  dog  with  morpliia  and  ether  or  A.C.li.  mixture.  Insert  a 
Lula  into  tlie  traclioa.  Put  cinnuL-e  into  the  central  end  of 
carotid  and  of  one  femoral  vein  (p.  17S).  Ccmnect  the  carotid 
"with  the  manometer,  and  the  femoral  vein  with  a  burette  or  large 
syringe  containing  tho  ijcntonc  solution.  Take  care  that  the 
connecting-tube  and  cannula  are  free  from  .-ur.  Now  commence 
to  take  a  blood-pressure  tracing,  and  while  it  is  going  on  mject 
the  peptone  solution.     The  pressure  falls  owing  largely  to  a  dilata- 


200  cc  for  a  Large  dog. 
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tion  of  the  small  arteries  through  the  direct  action  of  the  peptone 
on  their  muscular  tissue  or  on  the  endings  of  the  vaso-motor 
nerves.  * 

2.S-  Effect  of  Suprarenal  Extract  on  the  Blood-pressure. — Make 
the  arranycrncnls  ti>r  :i  bUjod- pressure  tracing  from  a  flog  as  in  lo, 
p.  174.  Put  a  cannula  in  the  carotid  and  another  in  the  femoral  vein 
or  one  of  its  branches  (p.  178),  Expose  both  vagi  in  the  neck,  and 
pass  threads  loosely  under  them.  Connect  the  carotid  with  the 
manometer  and  lake  a  tracing.  Then,  while  the  tracing  is  continued, 
inject  slowly  into  the  femoral  vein  an  amount  of  watery  extract 
corresponding  to  about  ^th  grm.  of  suprarenal,  or,  what  is  more 
convenient,  a  few  c.c.  o^  a  solution  of  adrenahn  chloride  ot  the 
strength  of  1  to  50,000  in  (Vr>  per  cent,  sodium  chloride  solution, 
the  dose  dc|rcnding.  of  course,  on  the  size  of  the  animal.  The  blood- 
pressure  riaest  owing  to  constriction  of  the  arterioles  by  direct 
excitation  of  the  junction  between  their  vaso-constrictor  nerves 
and  their  muscular  tissue.  The  heart  is  slowed,  but  its  beat  is 
strengthened.  At  once  cat  both  vagi  while  a  tracing  is  being  t'iken  ; 
the  blood -pressure  rises  still  more  (p.  130}.  The  rise  of  pressure  is 
sometimes  so  great  that  to  prevent  the  mercury  from  being  forced 
out  of  the  manometer  the  tube  must  be  clipped.  The  rise  is  not  long 
maintained,  but  a  second  injection  causes  a  renewed  increase  of 
pressure. 

24.  Section  and  Stimulation  of  the  Cervical  Sptipathetic  in  the 
Rabbit.  —  Set  up  an  induction-coil  arranged  for  an  interrupted 
current  (Fig.  71.  p.  164),  and  connect  it  llirough  a  short-circuiting 
key  with  electrodes.  'I"he  preparations  necessary  for  an  operation 
with  antiseptic  precautions  are  supposed  to  have  been  previously 
made — the  instruments,  sponges,  and  ligatures  boiled  m  water  ; 
the  instruments  then  immersed  in  a  5  per  cent,  solution  of  carbolic 
acid,  the  sponges  and  ligatiires  in  corrosive  sublimate  solution 
(0*1  per  cent.).  Instead  of  Si>onges  swabs  of  sterile  cotton  may  be 
used,  and  until  the  observations  on  the  nerve  have  been  made  it  is 
better  to  use  sterile  0*9  per  cent,  salt  solution  for  such  slight  sponging 
as  the  wound  may  require  rather  than  the  antiseptic  solutions.  The 
hands  arc  to  be  thoroughly  washed,  \vith  diligent  use  of  the  nail- 
brush, in  soap  and  water  before  the  cutting  operation  begins,  and 
then  soaked  in  the  corrosive  sublimate  solutioru 

Fasten  the  rabbit  on  a  bolder,  back  downwards,  as  in  Fig.  46. 
Keep  the  aaimal  warm  by  covering  it  with  a  cloth,  and  do  not  handle 
or  wet  its  ears.  Chp  off  the  hair  on  the  anterior  surface  of  the  neck. 
Remove  loose  hairs  with  a  wet  sponge,  shave  the  neck,  and  wash  it 
thoroughly,   first  with    soap    and    water  and    then  with  corrosive 

*  In  iJ  dogs  the  blood -pressure  always  fell,  the  amount  of  the  fall 
varying  irom  81  to  21  mm.  of  mercury  (average,  60  mm.}.  It  sometimes 
returned  to  normal  in  twenty  to  thirty  minutes,  but  usually  required  a 
longer  timr.  In  some  dogs,  after  the  injection  of  the  whole  of  this  amount 
of  peptone,  deatli  occurs  before  there  has  been  any  considerable  recovery 
of  the  pressure. 

I  The  amount  of  the  initial  rise  of  pressure  is  very  varial)le.  since  the 
slowing  of  tlu'  heart  tends  to  diminish  the  pressure,  while  the  constriction 
of  tlie  arterioles  tends  to  increase  it.  Thus,  in  one  expiTiment  thr  increase 
of  pressure  on  injection  of  the  extract  was  only  o  mm.  of  mercury,  while 
in  another  it  was  50  mm.  On  section  of  the  vagi  in  this  second  experi- 
ment, there  was  an  additional  rise  of  64  mm.,  and  after  a  second  injection 
a  further  nsc  of  70  nun.,  making  an  mcrease  of  190  mm.  in  all  above  the 
original  pressure. 
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sublinmto.  (five  ether.  Make  a  longitudinal  incision  in  the 
luuMIc  hnc  ((ver  the  trachea,  bcj'inniiiK  a  Uttlo  lK'lf>vv  thr  thyroid 
cartilage  and  extendin}^;  downwards  ior  an  inch  and  a  hall.  Foci  lor 
the  carotid  arttTv.  cxixjse,  and  raise  it  up.  Two  nerves  will  now  be 
i-tm  coiirsing  beside  toe  artery.  The  larger  is  the  vaRUs,  the  smaller 
the  sympathetic.  A  third  and  much  liner  nerve  (the  depressor,  or 
superior  cardiac  branch  ol  tlic  vaj^us)  may  also  be  seen  in  the  same 
jtosilton.  but  the  student  should  neglect  this  for  the  present.  Pass 
a  hj^ature  under  the  sympathetic,  and  tic  it.  the  ear  boinp  held  up  to 
the  light  white  this  is  being  done,  so  that  its  vessels  may  be  clearly 
aeeft  A  transient  constriction  of  the  arteries  may  be  seen  at  the 
moment  when  the  nerve  is  ligatured.  This  is  due  to  stimulation 
of  the  vaso-constrictc>r  fibres.  Then  follows  a  marketl  dilatation 
of  the  bloodvessels,  due  to  paralysis  of  those  fibres.  The  ear  is 
Hur.hed  and  hot.  Note  also  tnat  the  pupil  is  probably  narrower  on 
the  side  on  which  the  nerve  has  been  tied.  On  stimulation  of  the 
upper  (cephalic)  end  of  the  sympathetic  with  the  electrodes,  the 
vessels  are  markedly  constricted,  the  ear  becomes  pale  and  cold, 
and  the  pupil  dilates.  Cut  the  ncr\e  above  and  below  the  ligature, 
and  take  out  the  ligature.  Wash  the  wound  thoroughly  with  cor- 
rtwivc  subhmate,  and  close  it,  the  muscles  l>eing  first  brought 
tORCther  by  a  row  of  interrupted  sutures,  and  then  the  skin  by 
jinothcr  row.  Since  it  is  diflicult  to  thoroughly  disinfect  the  hair- 
follicles,  and  a  suture  passed  through  a  septic  follicle  is  apt  to  give 
rise  to  suppuration,  subcutaneous  stitches— i.^.,  stitches  passed  by 
a  curved  needle  through  the  deep  layer  of  the  skin  without  coming 
through  to  the  surface — may  be  employed.  The  wound  is  to  be 
protected  by  a  coating  of  collcKlion.  No  other  dressing  is  required. 
The  animal  is  now  removed  from  the  holder  and  put  back  to  its 
hutch.  The  student  must  examine  it  at  least  once  a  day  for  the 
next  week,  and  study  the  differences  between  the  two  ears  (p.  142) 
and  the  two  pupils. 

25.   Determination   of  the   Circulation-time.— ^(a)  Begin  with   an 

artihcial  scheme   (Fig.   86).     Kill   the  syringe  with  a  o'j   per  cent. 

solution  of  methylene  blue.     Allow  the  water  to  flow  from  the  bottle 

by  loosening  the  clamp.     Inject  a  definite  quantity  of  the  methylene- 

blue  solution,  and  with  a  stop-watch  obscr\*e  how  long  it  takes  to 

pikSR  from  the  fx>int  of  injection  to  the  end  of  the  glass  tut>e  filled 

L  beads.     Make  ten  readings  of  this  kind  and  take  the  mean. 

'hen  raise  the  bottle  so  as  to  increase  the  rate  of  flow  of  the  water, 

ind  repeat  the  observations.     The  '  circulation-time  '  will  1>p  found 

be  diminished.     This  corrcsjxmds  to  an  increase  of  blowl-pressurc 

[due  to  incrc;iscd  activity  of  the  heart,  without  change  in  the  calibre 

[of  the  bloodvessels.     Next,  leaving  the  bottle  in  its  present  |>osilion, 

'diminish  the  outMow  by  tightening  the  clamp  ;  the  circul.iti(m-time 

•wiU  \ye  incrcxsed.     This  corresponds  to  an  increase  ol  bkKKl-pressurc 

due  to  diminution  in  the  calibre  of  the  small  arteries. 

(A)  Fill  the  syringe*  with  mcthylene-hlue  solution  (0*2  per  cent,  in 
per  cent,  salt  solution),  us  in  (a).  Keep  the  solution  warmed  to 
C  by  immersing  the  small  beaker  containing  it  in  a  wiiter-bath. 

*  A  burcttr.  sinned  so  at  to  make  a  small  angle  with  the  horizontal, 
fsiay  t>c  substituted  for  the  svringc.     The  burette  is  supported  on  a  stand 
Jt  «uch  a  height  that  the  methylrnc-'lilur  solution  runs  without  great  force 
[into  the  jugulikT  (say   10-15   ^"^'  above  the  levd  of  the  cannula ).     The 
.necT  of  pro4ludng  an  abnormal  re<»ult  t>v  suddenly  raising  the  (irrMWHrf 
the  right  imU'  of  the  heart  is  thus  avoided. 
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or  heating  it  over  a  bunsen  with  a  small  flame.  Weigh  a  rabbit  or 
cat.  In  the  case  of  the  rabbit,  inject  J  grni,  chloral  hydrate  into 
the  rectum.  anU  later  on  give  ether  if  necessary.  H  a  cat.  give 
ether  alone.  Fasten  it  on  a  holder,  back  downwards  (Kig.  46, 
p.  111).  Cover  it  with  a  towel  to  keep  it  warm.  Clip  off  the 
hair  on  the  front  of  the  nock,  and  make  an  incision  ij  inches 
lon^  in  the  middle  hne,  beginninR  a  little  way  below  the  cricoid 
cartilage.  Reflect  the  skin  aad  isolate  the  external  jugular 
vein,  which  is  quite  su])erlicial.  Carefully  separate  about  |  inch 
of  the  vein  from  the  surrounding  tis.sue.  and  pass  two  ligatures 
under  it,  but  do  not  tic  them.     Compress  the  vein  with  a  pair  of 


Fig.  86. — Artificial  Scheme  to  illustrate  a  Mrtmod  of   Measi-'RInc.  thk 

ClKCULATlON-TlUE. 

B,  bottle  coat&iaing  water,  the  rate  of  outflow  of  which  is  regulated  by  screw* 
clamp  a:  S,  syringe  filled  with  methylene>blue  solution,  connected  with  T-piece 
A:  M.  beaker  containing  methylene-bluc  solution;  b.  c.  screw-clamps:  C,  T- 
piece,  inserted  in  the  course  of  the  flexible  tube  E,  anti  cr'iinected  with  the  glass 
lube  T,  wliirh  is  ftllctl  with  Itrads  ;  F.  outflow  tube  The  rlaniji  c  having  been 
closed  and  b  opened,  the  syringe  is  filled  with  the  methylene-blue  solution ;  b  is 
then  closod.  c  opened,  .ind  n  detmite  quantity  of  the  solution  injected  into  the 
system.  The  time  from  the  beginning  of  injection  tiU  the  appearance  of  the  blue 
at  G  is  measured  with  the  stop>watcb.  j 


bulldog  forceps  between  the  heart  and  the  ligatures.  Now  tie  the 
uppermost  of  the  two  ligatures  (that  next  the  head),  but  only  put 
a  single  loose  loop  on  the  other.  The  piece  of  vein  between  tlie 
upper  ligature  and  the  bulldog  is  now  distended  with  blood.  With 
5ne-pointe<l  scissors  make  a  small  slit  in  the  vein,  taking  great  care 
not  to  divide  it  completely,  insert  the  cannula,  and  tie  the  loose 
ligature  firmly  over  it,s  neck.  Fill  the  cannula  and  the  small  piece 
of  rubber  tubing  attached  to  it  with  o*t>  per  cent,  salt  solution  by 
-OS  of  a  pipette  with  a  long  point.     Expose  the  carotid  on  the 
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other  side,  isolate  it  for  J  inch,  clear  it  carefully  from  its  sheath, 
slip  under  it  a  strip  of  thin  sheet  indiarubber,  and  between  this  and 
llie  artery  a  little  piece  of  white  glazed  paper.  Connect  the  cannula 
in  the  jugular  with  the  T-piecc  attached  to  the  svringc.  Care  must 
be  tiikcn  tliat  no  air  remains  in  the  cinnula  or  its  connecting- tube, 
as  a  rabbit  not  unfrequently  dies  instantaneotisly  when  a  bubble 
of  air  \s  injected  into  the'  right  heart,  although  a  considerable 
quantity  of  air  can  generally  be  injected  into  the  jugular  of  a  dog 
without  killing  it. 

Now  take  off  the  bulldog  from  the  vein,  and  make  a  series  of 
'vations  on  the  pulmonary  circulation-time.     The  animal  must 

'90  placed  that  a  ^ood  li^ht  falls  on  the  carotid.  If  necessary,  the 
light  of  a  gas-flame  may  be  concentrated  on  it  by  a  lens.  The 
student  holds  the  stop-watch  in  one  hand,  and  injects  a  measured 
quantity  of  the  mcthylene-blue  solution  with  the  other.  ITniformity 
in  the  quantity  injected  is  securefl  by  fastoning  on  tlie  piston  of  the 
syringe  a  screw-clamp,  which  stops  the  piston  at  the  desired  |x>int. 
The  observation  consists  in  setting  of!  tlie  watch  at  the  moment 
when  injection  begins  and  stopping  it  when  the  blue  appears  in  the 
carotid.  After  each  injection  the  screw-ctamp  nr  pinchcock  on  the 
tube  connected  with  the  cannula  must  be  tightened,  the  other 
opened,  and  the  syringe  refilled.  Great  care  must  be  taken  never  to 
open  the  two  clamps  at  the  same  time,  as  in  that  case  blood  may 
regurgitate  through  the  jugular  and  fill  the  syringe,  or  methylene 
blue  may  be  sucked  into  the  circulation.  As  many  observations  as 
^Kjssiblc  should  be  taken,  and  the  mean  determinetl.  The  circula- 
tion-time observed  is  approximately  that  of  the  lesser  circulation, 
the  time  taken  by  the  blood  to  pass  from  the  left  ventricle  to  the 
carotid  being  negligible  for  the  purposes  of  the  student. 

The  specific  gravity  of  the  blood  may  also  be  tested  at  the 
t>eginmng  and  end  of  the  experiment  by  Hammerschlag'i  method 
(p.  46).  If  a  large  number  01  injections  have  been  made  in  quick 
succession,  the  specific  gravity  will  be  less  than  normal ;  but  if  a 
considerable  interval  has  been  allowed  to  elapse  after  the  last 
injection,  httlc  or  no  difference  may  be  found,  as  the  surplus  liquid 
readily  passes  out  of  the  bloodvesseb. 

Autopsy. — Observe  particularly  the  state  of  the  lungs,  whether  the 
bladder  is  distended  or  not.  and  whether  any  of  the  serous  cavities 
or  the  intestines  contain  much  liquid  ;  so  as  to  determine,  if  |K>ssiblc, 
by  what  channel  the  water  injected  into  the  blood  may  have  been 
efimmated.  Study  the  distribution  of  the  methylene  blue  in  such 
organs  as  the  kidnevs  and  the  muscles  immediately  after  de^ith,  and 
notice  that  the  blue  colour  becomes  more  prrmoimccd  after  exposure 
for  a  time  to  the  air.  Make  a  longitudinal  section  through  a  kidney, 
and  observe  that  the  pigment  is  found  especially  in  the  cortex  and 
around  the  (wlvis  at  the  apices  (if  the  pyramids,  or  it  may  be  only  in 
the  cortex.  The  urine  is  greenish.  If  some  methylene  blue  hiis  l*^en 
injected  after  the  hoiirt  ceased  to  beat,  the  bloodvessels,  particularly 
in  the  mesentery,  mav  be  beautifully  mapped  out  by  the  pigment. 
This  is  not  the  case  If  the  last  injection  took  place  before  death, 
since  the  methylene  blue  is  rapidly  reduced  by  living  tissues. 


CHAPTER  III 

RESPIRATION 

Respiration  in  its  widest  sense  is  the  sum  total  of  the  processes 
by  which  the  ultimate  elements  of  the  body  gain  the  oxygen 
they  require,  and  get  rid  of  the  carbon  dioxide  they  produce. 

Comparative. — In  a  unicellular  organism  no  special  mechanism  of 
respiration  is  needed  ;  the  oxygen  diffuses  in,  and  the  carbon  dioxide 
diffuses  out,  through  the  genera!  surface.  The  simple  wants  of  such 
multicellular  animals  as  the  coelenterates,  the  group  to  which  the 
sea-anemone  belongs,  are  also  supplied  by  diffusion  through  the 
ectoderm  from  and  into  the  surrounding  water,  and  through  the 
endoderm  from  and  into  the  contents  of  the  body-cavity  and  its 
ramifications. 

But  in  animals  of  more  complex  structure  special  arrangements 
become  necessary,  and  respiration  is  divided  into  two  stages : 
(i)  External  respiration,  an  interchange  between  the  air  or  water 
and  a  circulating  medium  or  blood  as  it  passes  through  richly 
vascular  skin.  ^iUs,  trachea*,  or  lungs:  and  (2)  internal  respiration^ 
an  interchange  b^itwecn  the  blcod.  or  lymph,  and  the  cells. 

In  tho  lower  kinds  of  worms  respiration  jjfocs  on  solely  through  the 
skin,  under  which  plexuses  of  bloodvessels  often  exist,  but  in  some 
higher  w<trms  there  are  si>ecial  vascular  api>cndages  that  play  the 
part  of  gills.  The  Crustacea  also  ix)ssess  gills,  while  in  the  other 
arthr(>]">o<l:i  respiration  is  carried  on  cither  by  the  general  surface  of 
the  body  (in  some  low  forms),  or  more  commonly  by  means  of 
tracheap.  or  branched  tubes  surrounded  by  blood  spaces  and  com- 
municating extcrn;»l!v  with  the  air  and  internally  by  their  finest 
twigs  with  the  individual  cells.  Most  of  the  mollusca  breathe  by 
gills,  but  a  few  only  b>'  the  skin. 

Amonj;  vortebrates  the  fishes  and  larv.il  amphibians  breathe  by 
Rills,  but  most  .'.dult  iimphibians  h'.vc  lungs.  The  skin,  too.  in  such 
animals  as  the  frog  h  ».s  a  very  im]i'»rtant  respiratory  function,  more 
of  the  gaseous  exchange  taking  place  through  it  in  some  conditions 
than  through  the  lungs. 

One  small  group  nf  fishes,  the  dipnoi,  has  tlie  jx^culiarity  of  pos- 
sessing both  gills  and  a  kind  of  lungs,  thi.  swim-bladder  l)cing  sur- 
rounded with  a  ))U'xus  of  bloodvessels  and  taking  on  a  respiratory 
function. 

In  all  th?  higher  vertebrates  the  respiration  is  carried  on  by  lungs  ; 
the  trifling  amount  of  gaseous  interch mge  which  can  possibly  take 
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pUcc  through  the  akin  U  not  worth  taking  into  account.  The  lunga 
arc  to  be  regarded  :is  developed  from  outgrowths  of  the  alimontiiry 
c^nal.  bef^innin^  near  the  mouth. 

Thr  ot>ject  of  all  siwcial  respiratory  iirran;;cments  heinf^.  in  the 
first  instance,  to  facihtale  the  giiscnus  exchnrif^c  l>elween  the  sur- 
rounding medium  (air  or  water)  and  the  blood,  a  prime  necessity  of 

respiratory  orRan,  be  it  skin,  gill,  trachea,  or  hm^;,  is  a  free  supply 
|of  blood,  in  vessels  so  fine  and  thin  that  diffusion  readily  takes  place 
into  them  and  out  of  them.  But  a  free  supply  of  blood  would  be  of 
no  avail  if  the  medium  to  which  the  blood  gave  up  its  carbon  dioxide 
and  from  which  it  drew  its  oxygen  was  not  being  constantly  and 
sufficiently  renewed. 

Sometimes  the  natural  currents  of  the  water  or  the  air  arc  of 
themselvoe  sufficient  to  8CH;ure  this  renewal  ;  in  other  cases,  artificial 
currents  are  set  up  by  cilia,  or  sjwcial  bailing  organs,  like  the  scapho- 
gnalhites  of  the  lobster.  In  all  the  higher  animals  active  move- 
ments, by  which  air  or  water  is  brought  into  contact  with  the  respira- 
tory surfaces,  are  necessary  ;  and  it  is  [wjssiblc  thnt  such  movements 
take  place  even  in  the  trachea?  of  insects  and  other  air-breathing 
arthropoda.  Fishes,  by  rhythmical  swallowing  movements,  take  in 
water  through  the  mouth  and  pass  it  over  the  gills  and  out  by  the 
^U-slits.  while  the  frog  distends  its  lungs  by  swallowing  air. 

Physiolo^cal  Anatomy  of  the  Respiratory  Apparatus.— In  man 
the  respiraton,'  appar.itus*  consists  of  a  tube  (the  trachea)  widened  at 
its  upper  part  into  the  laiynx,  whicli  contains  the  special  mechanism 
of  voice,  and  communicates  through  the  nose  or  mouth  with  the 
external  air.  Below,  the  trachea  dnndes  dendriticallv  wito  innumer- 
able branches,  the  ultimate  divisions  of  which  are  called  bronchioles. 
Each  bronchiole  breaks  up  into  several  wider  passages,  or  inf  undibula, 
the  walls  of  which  are  everywhere  pitted  with  recesses  or  alcoves, 
called  alveoli.  The  trachea  and  larger  bronchi  are  strengthened  by 
hyaline  cartilage  in  the  form  of  incomplete  rings,  connected  behind 
by  non-striped  muscular  hbres,  which  also  exist  in  the  intervals 
between  the  rings.  The  middle  sized  bronchi  within  the  lungs  have 
the  cartilage  in  the  form  of  detached  pieces  in  the  outer  portion  of 
[the  wall,  while  nearer  the  lumen  lies  a  complete  hog  of  non-striped 
[muscle. 

In  the  bronchioles,   no  cartilage  is   present,  but   the  circularly- 

[arranged  muscular  fibres  still  persist,  and  also  form  a  thin  laver  in 

the  infundibula.     In  the  air-cells,  or  alveoli,  however,  there  arc  no 

muscular   fibres.     Their  walls  consist   essentially  of  a   network  of 

:ic  fibres,  continuous  with  a  similar  layer  in  the  infundibuLi  and 

ichioles.  and  covered  on  the  side  next  the  lumen  by  a  single 

kver  of  large,  clear  epithelial  scales,  with  here  and  there  a  few 

smaller  and  more  granular  polyhedral  cells. 

From  the  larynx  to  the  bronchioles  the  mucous  membrane  is 
cihated  on  its  free  surface,  the  cilia  lashing  upwards  so  as  to  move 
tlie  secretion  towards  the  larynx  and  mouth.  In  the  infundibula  the 
ciliated  epithelium  begins  to  disap^var,  and  is  absent  from  the  alveoli, 
f^irt  of  the  nasal  cavity  and  the  upitcr  part  of  the  pharynx  arc  also 
[lined  with  ciliated  epithelium.  Mucous  glands  are  present  in 
abundance  in  the  upper  portions  of  the  respiratory  passages,  but 
disap|x'ar  in  the  smaller  bronchi. 

Blood-supply  of  the  Lungs.—The  quantity  of  blood  traversing  the 
lungi  bears  no  prop<jrtion  to  the  amount  required  for  their  actual 
lourishment.     Small,  however,  as  thif  latter  quantity  is,  it  cannot 
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apparently  be  derived  from  the  vitiated  blood  of  the  right  ventricle, 
but  is  obtained  directly  from  the  aortic  system  by  the  bronchial 
arteries,  Thi%e  are  distributed  with  the  bronchi,  wliich  they  suppty 
as  well  as  the  comiective-tissue  of  the  interlobular  septa  running 
through  the  substance  of  the  luaji,  tht*  pknira  liiiiuK  it  and  the  walls 
of  the  large  bloodvessels.  Most  of  the  bloml  from  the  bronchial 
arteries  is  returned  by  the  bronchial  veins  into  the  systemic  venous 
system,  but  some  of  it  finds  its  way  by  anastomoses  into  the  pul- 
monary veins. 

The  branches  of  the  pulmonary  artery  are  also  distributed  with 
the  brnnchi,  and  break  up  into  a  dense  capillary  network  around  the 
alveoli.  From  thccapillaries  veins  arise  wluch,  Rraduallv  uniting,  form 
the  lar^'e  pulmonary  veins  that  pour  their  bliuid  into  ilie  left  iiuricle. 

The  same  tjuantity  of  blood  must,  on  the  whole,  pass  jx^r  unit  <>i 
time  through  tlic  lesser  as  throiij^h  the  greater  circulation,  otherwise 
equilibrium  could  not  exist,  and  blood  would  accumulate  cither  in 
the  hmRs  or  in  the  systemic  vessels.  But  it  does  not  follow  that  at 
each  heart -heat  the  output  of  the  two  ventricles  is  exactly  equal.  If, 
indeed,  the  cajiacity  of  the  lesser  circulation  were  constant,  the 
quantity  driven  out  at  one  systole  by  the  right  ventricle  would  be 
the  same  as  that  ejected  at  the  next  by  the  left  ventricle.  Kui  it  is 
known  that  the  capacity  of  the  pulmonary  vessels  is  altered  by  the 
movements  of  respiration  and  probably  in  other  ways*  so  that  it  is 
only  on  the  average  of  a  number  of  beats  that  the  output  of  the  two 
ventricles  can  be  supposed  equal. 

The  time  required  by  a  Riven  small  portion  of  blood,  e.g.,  by  a 
single  corpuscle,  to  complete  the  round  of  the  lesser  circulation,  is, 
as  wc  have  seen  (p.  i  lo),  much  less  than  the  average  time  needed  to 
complete  the  systemic  circulation.  In  the  rabbit  the  ratio  is  prob- 
ably about  1  :  5.  Since  all  the  blood  in  a  vascular  tract  must  pass 
out  of  it  in  a  period  equal  to  the  circulation  time,  the  average  quantity 
of  blotKl  in  the  lungs  and  right  heart  of  a  rabbit  must  be  about  one- 
fifth  of  that  in  the  systemic  vessels.  On  the  assumption  that  the 
same  proportion  holds  for  a  man.  not  less  than  700  grm.  out  of  the 
4^  kilos*  of  blood  in  a  70  kilo  man  must  be  contained  in  the 
lesser  circulation,  and  about  3I  kilos  in  the  greater.  This  corre- 
sponds sufficiently  well  with  calculations  from  other  data. 

For  example,  the  average  weight  of  the  lungs  in  three  persons, 
executed  by  beheading,  was  457  grm.  (Gluge).  The  average  weight 
of  the  lungs  in  a  great  number  of  persons  who  had  died  a  natural 
death  was  1024  grm.  (Juncker),  The  weight  of  the  jjulmonary 
tissue  alone  in  the  first  set  ol  cases  must  be  less  than  457  grm.,  for 
the  lungs  of  a  person  who  has  bled  to  dcatli  are  never  bliKKlless. 
In  a  dog  killed  by  bleeding  from  the  carotid,  one-quarter  of  the 
weight  of  the  lungs  consisted  of  blood.  Assuming  the  same  propor- 
tion for  the  decapitated  individuals,  we  get  ^^43  grm.  as  the  net 
weight  of  the  blood-free  lungs.  Deducting  this  from  1024  grm.. 
we  arrive  at  681  grm.  as  the  average  quantity  of  blood  in  the  lungs. 
Adding  to  this  the  quantity  in  the  right  side  of  the  heart  (p,  1 12), 
we  get.  in  round  numl^ers,  750  grm.  as  the  amount  in  the  lesser  cir- 
culation. It  is  true  that  in  the  living  body  the  conditions  are  not 
the  same  as  after  death  ;  but  it  is  probable  that  in  a  large  number 
of  cases  taken  at  random  the  differences  would  be  approximately 
equalized. 

It  has  been  further  calculated  that  the  total  area  of  the  alveolar 

•  See  footnote  on  p.  1 12. 
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surface  of  the  Um^s  of  a  man  in  about  loo  square  metres  (sixty 
times  greater  than  the  area  nf  the  skin),  of  which,  perha[>s.  75  square 
metres  arc  occunicd  by  capillaries.  The  averaj^e  tliickness  of  this 
immense  sheet  oi  blood  has  been  rcckonpci  to  be  equal  to  the  diameter 
of  a  red  blood-corpuscle,  or.  say.  8  m.  This  would  give  600  c.c. 
(630  grm.)  :vs  th«  quantity  of  blood  in  the  lungs,  wliich  is  probably 
somewhat  to<j  low  an  estimate. 

If  we  take  the  puhnonary  circulation-time  as  13  seconds  (p.  no), 

and  the  quantity  of  blood  in  the  lunga  as  700  grjn.,  then   -^ 

™  104  kilos  of  blood  will  pass  through  the  lungs  in  an  hoiir^  or 
4/156  kilos  (say,  4,  |Of>  litres)  in  tvvcnty-fnur  hdurs.  This  would  frll 
a  cubical  fink  in  which  the  man  conid  almost  stand  n])ri^hi  with  the 
lid  closed. 

Mechanical  Phenomena  of  Respiration. 

The  Kings  are  enclosed  in  an  air-tiglit  lx)x,  tht*  thorax  ;  or  it 
may  be  said  with  equal  truth  that  they  form  part  of  the  wall 
of  the  thoracic  cax'ity,  and  the  part  which  lias  by  far  the  greatest 
capacity  of  adjustment.  The  alveolar  surface  of  the  lungs  is  in 
contact  with  the  air.  The  pleura,  which  covers  tlieir  internal 
surface,  is  reflected  over  the  chest-walls  and  diaphragm,  so  as  to 
form  two  lateral  sacs,  the  pleural  cavities.  In  health  these  are 
almost  obliterated,  and  the  visceral  and  parietal  pleurie, 
separated  and  lubricated  by  a  few  drops  of  lymph,  glide  on  each 
other  with  every  movement  of  respiration.  But  in  disease  the 
pleural  cavities  may  be  filled  and  their  walls  widely  separated  by 
exudation. as  in  pleurisy,  or  by  bJood,  as  in  ruptureof  an  aneurism, 
or  by  air  in  the  condition  known  as  pneumo-thorax.  Between 
the  two  pleural  sacs  lies  a  mesial  space,  the  mediastinum, 
commonly  divided  into  an  anterior  mediastinum  in  front  of  the 
heart,  and  a  ixssterior  mediastinum  behind  it.  The  pleural  and 
pericardial  sacs  and  the  mediastinum  constitute  together  the 
thoracic  cavity.  The  external  surface  of  the  chest-wall  and  the 
alveolar  surface  of  the  lungs  are  subjected  to  the  pressure  of  the 
atmosphere,  to  which  the  pressure  in  the  thoracic  cavity  (intra- 
thoracic pressiu^e)  woidd  be  exactly  equal  if  its  boundaries  were 
perfectly  yielding.  But  in  reality  the  intra-thoracic  pressure  is 
always  normally  something  less  than  this.  For  even  the  lungs, 
the  least  rigid  part  of  the  boundar\\  oppose  a  certain  resistance 
to  distension,  and  so  hold  off,  as  it  were,  from  the  thoracic  cavity 
a  portion  of  the  alveolar  pressure  ;  and  in  any  given  position  of 
the  chest  the  intra-thoracic  pressure  is  equal  to  the  atmospheric 
pressure  miimm.^  this  elastic  tension  of  the  lungs. 

The  object  of  the  respiratory  movements  is  the  renewal  of  the 
air  in  contact  with  the  alveolar  membrane — in  other  words,  the 
ventilation  of  the  lungs.  Two  main  methods  are  followed  by 
sanitary  engineers  in  the  ventilation  of  buildmgs  :  they  force  air 
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in,  or  Uicy  draw  it  in.  In  both  cases  the  movement  of  the  air 
depends  on  the  eslal>hshnient  of  a  sIo|h?  of  pressure  from  the 
inJet  to  the  interior.  In  the  first  method,  this  is  done  by 
increasing  the  i)ressure  at  the  inlet ;  in  the  second,  by  diminishing 
the  pressure  at  the  outlet.  In  tertain  animals  Nature,  in 
solving  its  prolileui  o(  ventilation,  has  made  use  of  the  first 
principle.  Thus,  the  frog  forces  air  into  its  lungs  by  a  swallowing 
movement.     In  artificial  respiration,  as  practised  in  physiological 

- 1  experiments,  the  same  method 
is  usually  employed  :  air  is 
driven  into  the  lungs  under 
j>ressure.  But  in  the  vast 
majority  of  air-breathing 
animals,  including  man,  the 
opposite  princii>le  has  been 
udopted  ;  and  the  '  indraught  ' 
of  air  from  nose  and  pharynx 
to  alvectli  is  not  set  up  by  in- 
creasing thf  pressure  in  the 
lormer,  but  by  diminishing  it 
in  the  latter.  This  *  indraught,' 
or  inspiration,  is  broujght 
about  by  certain  movements  of 
the  chest-wall,  which  increase 
the  cajmcity  of  the  thoracic 
cage  and  lower  the  pressure  in 
the  thoracic  cavity.  The  ex- 
pansion of  the  highly-distensible 
lungs  keeps  pace  with  the 
diminution  of  pressure  in  the 
pleural  sacs,  and  they  follow  at 
every  |X)int  the  retreating  chest- 
wall  and  diaphragm.  The  pres- 
sure of  the  air  in  the  alveoli 
during  the  rapid  expansion  of 
the  lungs  necess;irily  sinks  l^elow  that  of  the  atmosphere,  and 
air  rushes  in  through  the  tiachea  and  bronclii  till  the  difiereuce 
is  e(|iuihj!(Hi.  Then  aimmences  the  movement  of  expiration. 
The  ex[xinded  chest  falls  l>ack  to  its  original  limits  ;  the  pressure 
in  the  thoracic  cavity  increases  ;  the  distended  lungs,  in  virtue 
of  their  chisticity.  slirink  to  their  former  volume ;  the  pressure 
of  the  air  in  the  alveoh  rises  above  that  of  the  atmosphere,  and 
with  this  reversal  of  the  slope  of  pressure  air  streams  out  of  the 
bronchi  ami  trachea. 

In   inspiration   the  chest   dilates  in  all   its  diameters.     Its 
vertical    diameter     is    incrra-^^e^l     bv    the    contraction    of     the 


I'lil.    H7. — SCIIEIHE    TO   ILLUSTKATK    THt 
MOVKMCNTS   OP    THE    LDNGS    IN    THE 

Chxst. 

T  ii  a  iHjttlr  from  which  the  hottuin 
hu  been  r^iiiDVi'd  :  )>.  a  fli-xtble  and 
elokUc  iiiniiihruiic  lied  on  ttir  bottlr, 
And  r:4i>alilr  nf  hrInK  pulird  out  by 
the  itring  S  so  4s  to  increase  the 
raparilv  of  thr  bottle.  1.  i»  a  thin 
«U<tir  baK  rrpresrntlnf;  the  hings.  It 
comimiiitcntrfc  with  ihr  rxfrmal  air  by 
K  ffliiHs  iuIk-  tittcil  .lirtighl  throush  a 
e<»K  III  the  (irck  »>l  ihf  Iwtltle.  When 
l>  1«  drdwii  dv^wii.  the  pressure  ol  the 
pxtrruat  «iir  causes  I.  to  expand-  When 
the  fttrlniE  \s>  let  \g<\  L  rontracti  again. 
\n  virttie  ol  its  ela^tidty. 
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diaphragm,  which,  composed  of  a  central  tendon  and  a  peripheral 
ring  of  muscular  tissue,  bulges  up  into  the  thorax  in  the  (orm  of  a 
flattened  dome,  and  closes  its  lower  aperture.  When  the 
diaphragm  contracts  in  ordinary  quiet  breathing,  the  central 
tendon  descends  but  slightly,  hut  the  acute  an^le  which  the 
muscular  ring  makes  duiiug  relaxation  with  the  thoracic  wall 
o|)ens  out  around  its  whole  circumference,  so  as  to  form  a 
deep  groove  of  triangular  section.  In  deeper  inspiration  the 
tendon  moves  distinctly  downwards.  The  lungs  follow  the 
descendmg  diaphragm,  their  lower  borders  keeping  accuiately 
in  contact  with  it,  while  their  apices  move  very  slightly  or  not 
at  all.  Since  the  diaphragm  is  attached  to  the  lower  ribs, 
there  is  a  tendency  during  its  contraction  for  these  to  be  dra\*'n 
inwards  and  ui)wards ;  but  this  is  npjvosed  by  the  pressure  of 
the  alxloniinal  viscera,  and  by  the  action  of  the  quadratus 
lufftborum^  which  fixes  the  twelfth  rib,  and  of  the  serrattis  posticus 
inferior^  which  draws  the  lower  four  ribs  backward.  When 
these  and  the  other  inspiratory  muscles  that  act  especially 
U|^>on  the  nbs  are  paralyzed  by  injury  to  the  spinal  cord,  and 
respiration  is  carried  on  by  the  diaphragm  alone,  the  hne  of  its 
attachment  to  the  ribs  is  distinctly  marked  during  inspiration 
by  a  shallow  circular  groove. 

The  antero-posterior  and  transverse  diameters  of  the  thorax 
are  enlarged  by  the  action  of  certain  muscles  that  elevate  the  ribs. 
Among  these  are  usually  reckoned  the  Uvatorcs  costarum — twelve 
m  number  on  each  side.  They  arise  from  the  transverse  pro- 
cesses of  the  last  cervical  and  first  eleven  dorsal  vertebrs,  and 
jKissing  obliquely  downwards  and  outwards,  are  insertetl  between 
the  tul>ercle  and  the  angle  into  the  first  or  second  rib  below  their 
origin.  The  scalene  muscUs,  which  may  in  a  lean  person  be  felt 
to  he  tense  during  inspiration,  fix  the  first  and  second  ribs 
(scalenus  anticus  and  medius.  the  first ;  scalenus  iK>sticus,  the 
second  rib),  and  so  afford  a  fixed  line  for  the  intercostal  muscles 
to  work  from  on  the  lower  ribs. 

The  most  importajit  elevators  of  the  ribs  are  the  external 
intercoslals.  The  interrartilaginous  portions  of  the  internal 
intercostals  (the  mtercartilaginei  muscles,  as  tliey  are  sometimes 
called)  also  contract  simultaneously  with  the  diaphragm,  and 
may  therefore  be  included  in  the  list  of  inspiratory  muscles  ;  but 
instead  of  elevating  the  ribs  they  depress  tlie  costal  cartilages, 
and  thus  help  to  widen  the  angles  between  them  anil  the  ribs. 

Since  the  ribs  slant  downwards  and  forwards  to  their  sternal 
attachments,  the  sternum  is  raised  when  they  are  elevated  ;  or, 
rather,  since  the  upin-r  (^nd  of  tliat  Ixme  is  practically  immovable 
in  ordinary*  breathing,  its  lower  extremity  is  lilted  forwards. 
This  causes  an  increase  in  the  antero-jH^sterior  diameter  of  the 
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thorax.  Further,  since  the  arches  formed  by  the  ribs  widen  in 
regular  progression  from  above  downwards,  at  least  in  the  upper 
f>ortion  of  the  thoracic  cage,  so  that  the  second  rib  is  a  segment 
of  a  larger  circle  than  the  first,  and  the  third  than  the  second, 
it  is  clear  that  a  general  elevation  of  the  chest  will  tend  to 
increase  the  transverse  diameter  at  any  given  level.  Such  an 
increase  is  also  favoured  by  the  opening  out  of  the  angles  between 
the  bony  ribs  and  the  costal  cartilages  under  the  influence  of  the 
couple  (or  pair  of  oppositely  directed  forces)  that  acts  on  them — 
viz.,  the  upward  puU  of  the  external  intercostals  and  the  other 
elevators  exerted  ou  the  ribs,  and  the  downward  pull  of  the  inter- 
cartilaginei  and  the  resistance  of  the  steniiun  to  further  dis- 
placement exerted  on  the  cartilages.  The  widening  of  the  thorax 
from  side  to  side  may  also  he  in  a  slight  degree  ascribed  to  a 
twisting  movement  of  the  ribs,  which  tends  to  evert  their  lower 
borders.  In  addition  to  increasing  the  capacity  of  the  chest, 
the  contraction  of  the  external  intercostals  and  the  inter- 
cartilaginous  muscles  aids  in  inspiration  by  augmenting  the 
rigidity  of  the  intercostal  spaces,  and  so  jireventing  them  from 
being  drawn  ui  as  easily  as  would  otherwise  be  the  case  when  the 
thorax  is  expanded  by  the  action  of  the  diaphragm  and  the  other 
inspiratory  muscles. 

Expiration  in  perfectly  tranquil  breathing  is  brought  about 
with  little  aid  from  active  muscular  contraction.  The  sense  of 
effort  disapt^ears  as  soon  as  the  chest  ceases  to  expand.  The 
diaphragm  and  the  elevators  of  the  ribs  relax.  The  structures 
that  have  been  stretched  or  twisted  recoil  into  their  original 
lK>sitions ;  the  structures  that  have  l>een  raised  against  the 
force  of  gravity  fall  back  by  their  weight,  and  in  the  measure 
in  which  the  pressure  increaises  in  the  thoracic  cavity  the  elasticity 
of  the  lungs  causes  them  to  shrink.  The  pressure  in  the  alveoli, 
which  at  the  end  of  inspiration  was  just  equal  to  that  of  the 
atmos[jhere,  is  thus  increased,  and  the  air  ex]>elled.  It  is  i>robable 
that,  even  in  man  and  in  quiet  respiration,  the  interosseous 
jxjrtions  of  the  internal  intercostals  help  by  their  contraction  in 
depressing  the  ribs,  and  possible  that  a  sUght  contraction  of  the 
abdominal  muscies  hastens  the  return  of  the  dia]>hragm  to  its 
position  of  rest.  In  reptiles  and  birds,  expiration  is  normally 
effected  by  an  active  muscular  contraction.  This  is  also  true  in 
some  mammals — the  rabbit,  for  instance,  in  which  the  external 
oblique  muscles  of  the  abtlominal  wall  take  an  important  share 
in  the  expiratory  act. 

Types  of  Respiration. — Differences  exist  also,  not  only  be- 
tween different  groups  of  animals,  but  even  between  women 
and  men,  in  the  relative  importance  in  inspiration  of  the  dia- 
phragm on  the  one  liand,  and  the  muscles  tfiat  elevate  the  ribs 
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on  the  other.  When  the  movements  ol  the  diaphragm  pre- 
dominate, the  respiration  is  said  to  be  of  the  abdominal  or  dia- 
phragmatic type  ;  when  the  movements  of  the  ribs  and  sternum 
are  most  conspicuous,  of  tfie  costal  or  thoracic  type.  In  abdominal 
respiration,  the  inspiratory  movement  commences  at  the  dia- 
phragm, and  then  involves  the  lower  ribs  and  the  tip  of  the 
sternum.  In  costal  respiration,  the  upper  ribs  initiate  the 
movement,  and  are  followed  by  the  abdomen.  In  the  rabbit, 
during  quiet  breathing,  the  respiration  is  purely  diaphragmatic, 
the  ribs  rcmam  motionless  ;  and  herbivorous  animals  in  general 
conform  n^ore  or  less  closely  to  tliis  type.  In  the  carnivora,  on 
the  contrary,  the  costal  tyjie  prevails.  Man  allie-s  himself  as 
r^ards  his  respiration  with  the  rabbit  and  the  sheep ;  he  uses 
his  diaphragm  more  than  his  ribs.  Civilized  woman  falls  into 
the  class  of  the  wolf  and  the  tiger  ;  she  uses  her  ribs  more  than 
her  diaphragm.  The  cause  of  the  difference  l>etwccn  men  and 
women  has  been  much  discussed.  It  is  not  a  primitive  sexual 
difference,  for  it  is  far  fiom  being  universal ;  in  the  uncivilized 
and  semi-civihzed  races  that  have  been  investigatcvi,  the  women 
breathe  like  the  men.  It  is  therefore  probable  that  the  pre- 
dominance of  the  costal  type  among  women  ol  Eurojiean  race 
is  a  i>ecuharity  develoj^ed  by  a  mode  of  dressing  which  hampers 
the  movements  of  the  diaphragm  while  permitting  the  elevation 
of  the  ribs.  This  conclusion  is  strengthened  by  the  fact  that  in 
children  no  difference  exists  ;  both  boys  and  girls  show  the 
abdominal  type  of  respiration. 

Ail  this  refers  to  ordinary  breathing.  In  forced  respiration, 
when  the  need  for  air  becomes  urgent,  costal  breathing  always 
becomes  prominent  alike  in  men,  in  women,  and  in  animals,  for 
by  elevation  of  the  ribs  the  capacity  of  the  chest  can  be  increased 
to  a  greater  degree  than  by  any  contraction  of  the  diaphragm. 

In  forced  inspiration,  indeed,  all  the  muscles  that  can 
elevate  the  ribs  may  be  thrown  into  contraction,  as  well  as 
other  muscles  which  give  these  ftxed  points  to  .ict  from.  During 
a  paroxysm  of  asthma,  lor  example,  the  patient  may  grasp  the 
back  of  a  cliair  with  his  hands,  so  as  to  fix  the  arms  and  shoulders 
and  allow  the  [>ectorals  and  serratus  magnus  to  raise  the  ribs. 
Similarly  in  forced  expiration  all  the  muscles  are  used  which 
can  depress  the  ribs,  or  increase  the  intra-abdominal  pressure 
and  push  \ip  tlu-  diajihragm. 

Certain  accessory  phenomena  (movements  and  sounds)  are 
associated  with  the  pro|)er  movements  of  respiration.  The 
larynx  rises  in  expiration,  and  sinks  in  inspiration.  The  glottis 
(and  particularly  its  jx^sterior  portion,  tlie  glottis  lespiratoria) 
IS  widened  during  deep  inspiration  and  narrowed  during  deep 
expiration.     The  same  is  the  case  with  the  nostrils,  and,  indeed. 
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in  some  persons  the  alae  nasi  move  even  in  ordinary  breathing. 
It  has  long  been  known  that  in  deep  respiration  changes  in  the 
calibre  of  the  bronchi  s5mchronous  with  the  respiratory  move- 
ments may  occur.  In  yoimg  persons  it  may  be  directly  observed 
with  the  bronchoscope,  an  instrument  used  by  lar5nigologists 
for  exploring  the  larger  bronchi,  that  these  dilate  in  inspiration 
and  constrict  in  expiration  (Ingalls).  In  part  at  least  these 
movements  are  passively  produced  by  the  changes  of  intra- 
thoracic pressure,  but  it  has  not  been  definitely  determined 
whether  they  are  not  in  part  caused  by  alternate  contraction 
and  relaxation  of  the  circular  bronchial  muscles. 

As  regards  the  respiratory  sounds,  all  that  is  necessary  to 
be  said  here  is  that  when  we  listen  over  the  greater  portion  of 
the  lungs  with  the  ear,  or,  much  better,  with  a  stethoscope, 
a  soft  breezy  murmur,  that  has  been  compared  to  the  rustling 
of  the  wind  through  distant  trees,  is  heard.  This  has  been 
called  the  vesicular  murmur.  It  is  only  heard  in  health  during 
inspiration  and  the  very  beginning  of  expiration,  and  is  louder 
in  children  than  in  adults.  Around  the  larger  bronchi  and  the 
trachea  a  blowing  sound  is  heard,  which  certainly  originates  at 
the  glottis,  and  is  strengthened  by  the  resonance  of  the  air-tubes. 
In  health  this  is  not  recognised  over  the  greater  portion  of  the 
lung,  but  in  certain  diseases  in  which  the  alveoli  are  filled  up 
with  exudation,  this  bronchial  or  tubular  breathing  may  be  heard 
over  a  large  area,  the  vesicular  sound  being  now  suppressed,  and 
the  bronchial  sound  being  better  conducted  through  the  smaller 
bronchi  towards  the  surface  of  the  lungs  when  their  walls  have 
been  rendered  more  rigid  by  the  solidification  of  the  parenchyma, 
in  spite  of  the  fact  that  the  consolidated  tissue  as  such  does  not 
conduct  the  sound  so  well  as  the  air-containing  alveoli. 

It  has  been  much  debated  whether  the  vesicular  murmur  also 
arises  at  the  glottis,  and  is  modified  by  transmission  through  the 
pulmonary  tissue,  or  whether  it  arises  somewhere  in  the  terminal 
bronchi,  the  infundibula  or  the  alveoli.  Both  views  may  be 
supported  by  certain  arguments,  and  to  both  some  objections 
may  be  raised.  The  fact  appears  to  be  that  there  are  two 
elements  in  the  inspiratory  murmur — a  true  vesicular  sound, 
l>roduced  about  the  place  where  the  terminal  bronchioles  give  off 
the  infundibula,  and  a  resonance  sound  set  up  in  the  trachea  and 
bronchi  liy  the  glottic  murmur.  This  resonance  sound  as  heard 
over  portions  of  the  lung  containing  only  small  bronchi  has  a 
diffeient  character  from  that  heard  over  large  bronchi,  inasmuch 
as  the  fundamental  note,  and  to  a  still  greater  extent  the  over- 
tones {p.  248),  are  much  weakened  in  those  small  and  easily- 
distensible  tubes.  The  true  vesicular  element  is  heard  all  over 
the  lungs,  but  the  resonant  laryngeal  element  in  large  animals, 
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like  the  horse  and  ox»  dies  out  as  an  audible  murmur  before  it 
reaches  the  remotest  lobiiles,  and  can  only  be  distinguished  over 
a  portion  of  the  |>uimonary  area.  When  the  glottic  sound  is 
eliminated  by  causing  an  animal  to  breathe  through  a  tracheal 
fistula,  the  vesicular  murmur  is  still  heard,  and  in  the  horse  is 
even  somewhat  sharjxiir  than  normal,  although  in  the  dog  it  is 
softer  and  weaker.  The  expiratory  murmur  does  not  seem  to 
contain  a  true  vesicular  element,  but  is  exchisively  due  to  the 
resonance  of  the  expiratory  glottic  sound  (Marek).  It  is  generally 
admitted,  and  this  is  of  great  importance  in  practical  medicine, 
that  when  the  normal  vesicular  sound  is  heard  over  any  portion 
o(  the  lung  tissue,  it  may  be  inferred  that  this  portion  is  being 
properly  distended,  and  that  air 
b  freely  entering  its  alveoli. 

Up  to  this  point  we  have 
contented  ourselves  with  a 
purely  qualitative  description 
of  the  mechanKa)  phenomena 
of  respiration.  We  have  now 
to  consider  their  quantitative 
relations,  and  the  methods  by 
which  these  have  been  studied. 


The  expansion  of  the  lungs  in 
inspiration  may  be  easily  deinun- 
stratcd  in  man.  and  even  a  roui^h 
estimate  of  its  amount  ubtuincd. 
by  the  clinical  method  of  percus- 
sion. For  example,  the  resonant 
note  that  is  elicited  when  a  finger 
laid  on  the  chest  at  a  ]>art  where 
I. it  overlies  the  right  Inng  is 
smartly  struck  can  be  followed 
down  until  it  is  lost  in  the  '  liver 
dulness.'  It  the  lower  limit  of 
the  resonant  area  be  marked  on 
the  chest-wall  first  in  full  in- 
spiration and  then  in  full  ex- 
piration, the  mark  will  be  lower 
in  the  former  than  in  the  latter, 

and  the  difference  will  represent  the  difference  Ln  the  vertical  length 
of  the  shrunken  and  distended  lung.  A  similar  enlargement  in  the 
transverse  direction  may  be  demonstrated  in  the  same  way,  the  inner 
borders  of  the  lungs  coming  nearer  to  the  middle  line  in  inspiration, 
and  receding  from  it  in  expiration. 

For  most  physiological  purposes,  however,  we  require  methods 
mere  delicate  and  more  exact,  and  m  many  investigations  a  faithful 
graphic  record  of  the  respiratory  movements  is  indispensable.  This 
may  be  obtained  : 

n )  By  registering  the  movements  of  a  single  point,  or  the  varia- 
tions in  a  single  circumference,  of  the  boundary  of  the  thoracic 
cavity.     In  man  changes  in  the  circumference  of  the  thorax  at  any 

^3 


Fir.,   .ss.— Scheme    of    Tambouk    for 
Recohding      Respika^ry     Move- 

jMKNTS. 

U  a  m^tal  capsule  connected  airtight 
with  B.  A.  two  caoutchouc  membranes, 
the  (hatubcr  furinpd  by  which  ran  be 
inflated  by  means  of  the  tut>c  aud  stop- 
cock E.  The  tube  D  coniiecls  th**  spac« 
H  with  a  rpgixlrring  tainbaur  provided 
with  a  lever.  The  membrane  A  is  applied 
to  the  cheit,  round  which  the  inexlcn* 
sible  strings  F  are  tied.  .At  every  ex- 
parujim  u(  the  che&t  the  pres&ure  in  H 
is  increased,  and  the  increase  of  pres* 
sure  is  tran&mrtied  to  the  rrgistedng 
liirnhoiir. 
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level  can  be  recorded  by  means  of  a  tambour  adjusted  to  the  chest 
(Figs.  88  and  iir).  and  in  communication  with  another,  which  is 
provided  with  a  writing  lever  (Figs.  76  and  1 1 4).  Or  an  clastic  tube, 
with  a  spiral  spring  in  its  lumen,  may  bo  fastened  around  the  thorax 
or  abdomen  and  connected  with  a  piston-recorder  (a  small  cylinder 
in  which  works  a  piston  carr\'ing  a  writing-point)  (Fitz). 

(2)  By  recording  the  changes  of  pressure  produced  in  the  air- 
passages  by  the  respiratory  movements.  This  can  be  done  by  con- 
necting a  cannula  m  the  trachea  of  an  animal  with  a  recording 
tambour  in  the  manner  described  in  the  Practical  Exercises,  p.  256, 
The  changes  of  pressure  may  be  measured  by  connecting  a  mano- 
meter with  the  trachea,  or  in  man  with  the  nostril. 

{3)  By  writing  r>ff  the  changes  of  pressure  which  occur  in  the 
thoracic  cavity  during  respiration.  For  this  purpose  a  trocar  is 
introduced  through  an  intercostal  space  into  one  of  tho  pleural  sacs, 
vvithout  the  admission  t»f  air.  or  into  ths  pericardium,  and  then  con- 
nected with  a  manometer  or  other  rccordmj^  apparatus.     Or  a  tube, 


Ftc.  Bq. 

^  The  upper  tracing  Is  a  record  of  the  respiratory  movements  in  a  rabbit,  taken 
with  Kmnccker's  levrr  between  the  diaphragm  and  liver.  The  lower  curve  is  a 
blood -pressure  trarinR  showing  largo  ueciUtitionc  ilikc  Traube-Hering  waves). 
E,  expiration  :  I.  inspiratinn.  Time  trace,  seconds.  The  animal  was  under  the 
inilueace  of  geUcmin. 

similar  in  construction  to  a  cardiac  sound  (p.  jj),  may  be  pu.shcd 
down  the  oesophagus.  The  variations  in  the  intrathoracic  pressure 
are  tran.>mitted  to  the  air  in  the  elastic  bag,  and  thence  to  a  tambour. 
(4)  In  the  rabbit  the  part  of  the  diaphragm  attached  to  the  ensi* 
form  cartilage  may  be  isolated  from  the  rest  and  its  contractions  re- 
corded by  a  lever  (Head).     For  fome  purposes  tliis  is  the  best  method. 

Wlien  the  respiratory  movements  are  studied  in  any  of  these 
ways,  it  is  found  that  there  is  practically  no  pause  between 
the  end  of  inspiration  and  the  beginning  of  expiration.  Nor, 
although  the  chest  collapses  mort*  gradually  than  it  exi>ands, 
is  there  any  distinct  interx'al  in  ordinary  breathing  between  the 
end  of  expiration  and  the  Ix^^inning  of  the  succeeding  inspira- 
tion.    When,  however,  the  respiration  is  unusually  slow,  an  actual 
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pause  (expiratory  pause)  may  occur  at  this  p»oint.  Expiration 
takes  somewhat  longer  time  than  inspiration,  the  ratio  varying 
from  7  :  6  to  3  :  2.  according  to  age.  sex,  and  other  circumstances. 

The  frequency  of  respiration  is  by  no  means  constant  even 
in  health.  All  kinds  nt  intluunces  affect  it.  It  is  difficult  even 
to  direct  the  attention  to  the  rcspirator\'  act  without  bringing 
about  a  modification  in  its  rhythm.  In  the  adult  15  to  20 
respirations  jx^r  minute  may  1k»  taken  as  about  the  normal. 
In  young  children  the  frequency  may  Iw  twice  as  great  (new- 
bom  child,  50  to  70  ;  child  from  i  to  5  years  old,  20  to  30  per 
minute).  It  is  greater  in  a  female  than  in  a  male  of  the  same 
age.  A  rise  of  temperature  increases  it ;  150  respirations  per 
minute  have  been  seen  in  a  dog  with  a  high  tem[>erature. 
Sudden  cooling  of  ihe  skin,  exercise,  and  various  emotional 
states,  increase  the  rate,  and  sleep  diminishes  it.  Tlic  will  can 
alter  the  frequency  and  depth  of  respiration  for  a  lime,  and 
even  stop  it  altogether,  but  in  about  a  minute,  in  ordinary 
individuals,  the  desire  to  breathe  t>econies  im[)erative,  nor  can 
any  training  extend  this  interval  oi  voluntary  inhibition  l>eyond 
three  minutes.  Cato's  assertion  that  he  could  kill  himself  at 
any  lime  '  merely  by  holding  liis  breath  '  is  only  a  proof  that 
he  was  a  better  philosopher  than  physiologist.  In  animals  the 
rate  can  be  greatly  affected  by  drugs  and  by  the  section  and 
stimulation  of  certain  nerves  ;  but  to  this  we  shall  return  when 
we  come  to  consider  the  nervous  mechanism  of  respiration. 

It  cannot  fail  to  l>e  oliserved  that  to  a  great  extent  the  rate 
of  respiration  is  affected  by  the  same  circumstances  as  the  fre- 
quency of  the  heart  (p.  84),  and  in  the  same  direction.  And, 
indeed,  in  health,  these  two  physiological  quantities,  amid  all 
their  absolute  variations,  maintain  to  each  other  a  fairly  con- 
stant ratio  (I  to  4  or  i  to  5  in  man).  Even  in  many  diseases 
this  projM:)rtion  remains  tolerably  stable,  although  in  others  it 
is  disturbed. 

The  total  quantity  of  air  expired,  or,  what  comes  to  the 
same  thing,  the  alteration  in  the  capacity  of  th«;  chest  during 
expiration,  can  be  measured  by  means  of  a  gas-meter  or  of  a 
spirometer  (Fig.  go),  which  consists  of  an  inverted  graduated  glass 
cylinder  dipping  by  its  oj^ien  mouth  into  water  and  balanced  by 
weights.  The  vessel  is  sunk  till  it  is  full  of  water,  the  air  being 
allowed  to  escajw  by  a  cock.  The  expired  air  is  now  f)ermitted 
to  enter  it  through  a  tube,  and  displaces  some  of  the  water.  The 
spirometer  is  adjusted  so  that  the  level  of  the  water  inside  and 
outside  is  the  same,  and  then  the  vohune  of  air  contained  in  it 
IS  read  off.  This  gives  the  volume  of  the  expired  air  at  atmo- 
spheric pressure.  Similarly,  by  breathing  air  from  the  spiro- 
meter the  amount  inspired  can  be  measured  (p.  258). 
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From  400  to  500  c.c.  of  air*  are  taken  in  and  given  out  at 
each  respiration  in  quict^ breathing.  This  is  called  tidal  air. 
It  amounts  to  j;5  jiounds  by  weight  in  twenty-four  hours,  or 

enough  to  fill,  at  atmosjiheric 
pressure,  a  cubical  box  with 
a  side  of  8  feet.  With  the 
deej">est  [wssible  inspiration 
room  can  be  made  for  2,000 
c.c.  more  ;  this  is  called  com- 
plemental  air.  By  a  forced 
L'Xpiration  1,500  c.c.  can  be 
oxpi'llrd  besides  the  tidal  air; 
and  to  Ibis  quantity  the  name 
of  supplemental  or  reserve 
air  has  been  given.  After 
the  deepest  expiration  there 
always  remains  i^ooo  in  i.itn) 
c.c.  of  air  in  the  luii^^s  (Durig), 
and  this  is  called  the  residual 
air.  After  a  normal  expira- 
tion following  a  normal  in- 
spiration tlie  lungs  still  con- 
tain stationary  air  to  the 
amount  of  about  2,500  c.c. 


\'u,.  gc..— OiAr.HAM  ni'  Spirometer. 

A,  vessel  filled  willi  water.  B,  glass 
cylmdfT  with  scale  C,  swung  on  pulleys 
.nrid  cnuMtiTpoised  by  weights  W.  D, 
tube  lor  breathing  through. 


The  term  vital  or  respiratory  capacity  is  applied  to  the 
quantity  of  air  which  can  be  expelled  by  the  deepest  expiration 
ioUowing  the  deei>est  inspiration,  and  amoiints  in  an  adult  of 
average  heijjht  to  3,500  or  4.000  c.c.     The  maximum  quantity 

of  air  wliich 
the  iungs 
can  contain 
is  evidently 
equal  to 
vital  capa- 
city plus 
residual  air. 
At  one  time 
the  vital 

capacity  was  thought  to  be  capable  of  affording  valuable  in- 
formation in  the  diagnosis  of  chest  diseases ;  but  httle  stress  is 
now    laid   uixin    it,   as  it   varies  from   so   many  causes.    For 

•  Thr  avrragf  (or  Si  hralthy  students,  with  au  average  Ixxly-weight  oi 
66  UI09,  WT14  4(x>  c.c.  or  -  cc.  per  lalo.  In  4  newborn  children  the  tidal 
«ir  \*)uied  from  20  to  30  c.c.  and  from  ;*f»  to  ;>3  c.c  per  kilo,  which  is  not 
vcxy  diderent  from  the  amount  m  the  adult.  The  puhnoaar^,-  veutiJatioii 
must  thtnlore  be  far  more  rapid  in  the  child,  ance  its  respiraton*  frequency 
*•  s*»  march  greater. 


htal      i 

Fit.,  'ji.— Diagram  to  iu.»'SiRATt  rnt  Rkiaiivk  Amount  of 

COMftBUKNTAL,  TlOAU  SlTPLEHEN'TAL,  AND  RESIDUAL  AlR. 
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instance,  it  can  be  increased  by  practice  with  the  spirometer.  It  is 
greater  in  muuntaiiit^eis  than  in  the  inhabitants  ol  lowland  plains. 
It  is  clear  from  the  figiires  we  have  given  that  in  ordinary 
breathing  only  a  small  pro|)ortion  of  the  air  in  the  lungs  comes 
in  direct  at  each  inspiration  fmni  the  atmosphere,  and  only  a 
small  proiKirtion  escajifs  into  the  atmosphere  at  each  expira- 
tion. The  greater  part  of  the  air  in  the  lungs  is  simply  moved 
a  httle  farther  from  the  upper  respiratory  passages,  or  a  little 
nearer  them  ;  and  fresh  oxygen  reaches  the  alveoli,  as  carbon 
dioxide  leaves  them,  mainly  hy  diffusion,  aided  hv  convection 
currents  due  to  inetpialities  o(  tem]>t'ruture.  and  to  tlie  churning 
which  the  alternate  expansion  and  shrinking  of  the  lungs,  and 
the  pulsations  of  their  arteries,  must  produce.  Hut  that  some 
of  the  tidal  air  strikes  right  down  to  the  alveoli  is  evident  enough. 
For  the  respiratory  '  dead  s]iare  * — that  is,  the  cajiacity  of  the 
Upper  air-passages  and  the  bronchial  tree  down  to  the  infundibula 
— is  only  140  c.c,  or  one-third  of  the  amount  of  the  tidal  air 
(Zuntz,  Loewy),  The  immense  extent  of  the  pulmonary  surface, 
and  the  extreme  thinness  of  the  layer  of  bloo<l  in  the  capillaries 
of  the  lujigs.  (acilitate  the  interchange  between  the  gases  of  the 
blood  and  the  gases  of  the  alveoli. 
The  Amount  and  Variations  of  the  Intrathoracic  Pressure. 

[ — In  the  deejjest  expiration  the  lungs  are  never  completely 
collai>sed  ;  their  elastic  fibres  are  still  stretched  ;  and  the  tension 
of  these  acts  in  the  opposite  direction  to  the  external  atmospheric 
pressure,  and  diminishes  by  its  amount  the  pressure  inside  the 
thoracic  cavity.     In  the  dead  body  Donders  measured  the  value 

;Of  this  tension,  and  therefore  of  the  negative  pressure  of  the 
thorax,  by  tying  a  manometer  into  the  trachea,  and  then  causing 
tlie  lungs  to  col]a|>se  by  opening  the  chest.  It  varied  from 
75  mm.  of  mercury  in  the  expirator\'  jxjsition  to  9  mm.  in  the 
inspiratory.  So  far  as  can  be  judged  from  ob&erv*ations  made 
on  |)ersons  suffering  from  various  diseases  of  the  respiratory 
organs,  the  alterations  during  ordinary  breathing  do  not  amount 
to  more  than  3  or  4  mm.  of  mercury.  But  when  an  attempt  is 
made  in  the  dead  body  to  imitate  a  deep  inspiration  by  making 
traction  on  the  chest-walls  so  as  to  exfjand  the  lungs,  the  intra* 
thoracic  pressure  may  fall  to  -  30  mm.  of  mercury  ;  and  in  a 
living  rabbit  during  a  deep  natural  inspiration,  a  pressure  of 
-20  mm.  has  l>ecn  seen. 
The  reason  why  the  lungs  collapse  when  the  chest  is  opened 

ti»  that  the  pressure  is  now  equal  on  the  pleural  and  alveolar 
surfaces,  being  in  both  cases  that  of  the  atmosphere.  There  is 
therefore  nothing  to  oppose  the  elasticity  of  the  lungs,  which 
tends  to  contract  them.  So  long  as  the  chest  is  unoixjned,  the 
pressure  on  the  pleiual  surface  of  the  lungs  is  less  than  that  on 
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the  alveolar  surface,  and  the  elastic  tension  can  only  cause  them 
to  shrink  until  it  just  balances  this  difference. 

Iti  intra-uteriue  life,  and  in  stillborn  chilflren  who  have  never 
breathed,  the  hmgs  are  completely  collapsed  (atelectatic),  and 
there  is  no  negative  intrathoracic  pressure.  They  are  kept  in 
this  condition  by  adhesion  ot  the  walls  of  the  bronchioles  and 
alveoli.  If  the  lungs  have  been  once  inflated,  this  adhesion 
ceases  to  act.  and  they  never  completely  collapse  again. 

Amount  and  Variations  of  the  Respiratory  or  Intra- 
pulmonary  Pressure.— As  we  have  already  remarked,  the  pres- 
sure in  the  alveoii  and  air-passages  is  less  than  that  of  the  atmo- 
sphere while  the  inspiratory  movement  is  going  on,  greater  than 
that  of  the  atmosphere  during  the  expiratory  movement,  and 
equal  to  that  of  the  atmosphere  when  the  chest-walls  are  at 
rest.  When  the  external  air-passages  are  closed,  e.g.,  by  con- 
necting a  manometer  with  the  mouth  and  pinching  the  nostrils, 
the  greatest  possible  variations  of  pressure  are  produced.  In 
the  deej^est  inspiration  under  these  conditions  a  negative  pres- 
sure of  about  75  mm.  of  mercury  (t.^-..  a  pressure  less  than  that 
of  the  atmosphere  by  this  amount)  has  been  found,  and  in  deep 
expiration  a  somewhat  greater  positive  pressure*  (Practical 
Exercises,  p.  2.59). 

But  with  ordinary  breathing,  the  variations  of  pressure  as 
measured  by  this  method  do  not  exceed  5  to  10  mm.  of  mercury 
above  or  below  the  pressure  of  the  atmosphere. 

When  the  external  o]>enings  are  not  obstructed,  as,  for  example, 
when  the  lateral  i>ressure  is  taken  in  the  trachea  of  an  animal 
by  means  of  a  cannula  with  a  side-tube  connected  with  a  mano- 
meter, still  smaller,  and  doubtless  truer,  values  have  been  found 
(2-3  mm.  of  mercury,  as  the  positive  expiratory  pressure  and 
I  mm.  as  the  negative  inspiratory  pressure  in  dogs).  But  since 
the  respiratory  passages  are  abruptly  narrowed  at  the  glottis, 
the  variations  of  pressure  must  Ik*  greater  below  than  above 
it,  and  in  general  they  must  increase  with  the  distance  from 
that  orifice,  being  greater,  for  instance,  in  the  alveoli  than  in 
Oie  bronchi. 

Relation  of  Respiration  to  the  Nervous  System. — Unhke 
the  beat  of  the  heart,  the  respiratory  movements  are  entirely 
dependent  on  the  central  ner\'ous  system  ;  and  the  *  centre  ' 
which  presides  over  them  is  situated  in  the  spinal  bulb.  It  is  a 
bilateral  centre — that  is,  it  has  two  functionally  symmetrical 
halves,  one  on  each  side  of  the  middle  line  ;  and  each  of  these 


♦  The  maximum  uc^ative  pressure  in  deepest  inspiration  averaged  for 
49  students,  -  73  mm.  (highest  observation  -  137  mm.)  of  mercury  ;  the 
maximum  positive  pressure  in  deepest  expiration.  +80  mm.  (highest 
observation  +140  mm.). 
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halves  has  to  do  more  particularly  with  the  respiratory  muscles 
of  its  own  side,  for  destriution  (4  une-half  of  the  spinal  bulb 
causes  paralysis  nf  resjnratum  only  on  that  side.  Analomically 
the  respiratory  centre  has  not  been  sharply  localized  ;  but  it 
lies  lower  than  the  vaso-molor  centre,  not  far  from  the  i>oint 
of  the  calamus  scriptorius.  It  is  brought  into  relation  with  the 
muscles  of  respiration  by  efferent  nerves.  The  phrenic  nerves 
to  the  diaphragm,  and  the  intercostal  nerves  to  the  muscles 
which  elevate  the  ribs,  are  the  most  important  of  those  con- 
cerned in  ordinary  breathing.  The  respiratory  centre  is  further 
related  to  afferent  nerves,  of  which  the  most  influential  is  the 
vagus,  particularly  its  pulmonary  fibres,  and  its  su[M;rior  Iar\'ngeal 
branch.  But  almost  any  afferent  nerve  may  ix)werfully  affect 
the  centre  ;  and  it  is  also  influenced  by  fibres  passing  to  it  from 
the  higher  parts  of  the  central  nervous  system. 

Section  of  the  spinal  cord  in  animals  above  the  origin  of  the 
phrenic  nerves  causes  complete  paralysis  of  respiration,  and  con- 
sequent death.  The  phrenics  arise  from  the  third  and  fourth 
cervical  nerves,  and  are  joined  by  a  branch  from  the  fifth  ;  and 
in  man  fracture  of  any  of  the  four  upper  cervical  vertebrae  is, 
as  a  rule,  instantly  fatal.  But  in  one  case  respiration  was  carried 
on,  and  life  maintained  for  thirty  minutes,  merely  by  the  con- 
traction of  the  muscles  of  the  neck  and  shoulders  in  a  man 
entirely  paralyzed  below  this  level  (Bell).  Section  of  the  cord 
just  below  the  origin  of  the  phrenics  leaves  the  diaphragm 
working,  although  the  other  respiratory  muscles  are  paralyzed. 
A  case  has  been  recorded  of  a  man  in  whom»  from  disease  of  the 
spine  in  the  lower  cervical  region,  all  the  ribs  became  completely 
immovable.  He  was  able  to  lead  an  active  life,  and  to  carry 
on  his  business,  although  he  breathed  entirely  by  his  diaj>hragm 
and  abdominal  muscles. 

Section  of  one  phrenic  is  followed  by  paralysis  of  the  corre- 
sponding half  of  the  diaphragm,  section  of  both  phrenics  by 
complete  paralysis  of  that  muscle,  and  although  respiration  still 
goes  on  by  means  of  the  muscles  which  act  upon  the  ribs,  it  is 
usually  inadequate  to  the  prolonged  maintenance  of  life.  In 
the  horse,  however,  not  only  has  sur\'ival  been  seen  after  this 
o|)eration,  but  the  animal,  alter  the  first  tem}>orary  increase 
in  the  frequency  of  the  breathing  had  disappeared,  could  be 
driven  in  a  light  vehicle  without  any  marked  dyspnoea.  The 
phrenic  nuclei  in  the  two  halves  of  the  cord  are  connected 
across  the  mitldle  line.  For  when  a  semisection  of  the  cord  is 
made  between  this  level  and  the  respiratory  centre  in  the  medulla, 
respiratory  impulses  are  still  able  to  reach  both  phrenic  nerves. 
In  some  animals  Ixtth  halves  of  the  diaphragm  go  on  contracting. 
But  when,  as  usually  happens,  this  is  not  the  case,  and  the 
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diaphragm  on  the  side  of  the  semisection  has  ceased  to  act,  it 
at  once  beRins  to  contract  again  when  the  opposite  phrenic 
nerve  is  cut,  and  the  respiratory  impulse,  descending  from  the 
hulh,  is  blocked  out  from  the  direct,  and  forced  to  follow  the 
crossed  ])ath.  It  has  l>tn'n  shown  that  the  crostiing  takes  place 
at  the  level  of  the  phrenic' nuclei,  and  nowhere  else. 

Wien  one  vagus  is  divided,  there  is  little  or  no  change  in  the 
respiratorv'  movements.  Half  an  inch  of  one  vagus  nerve  has 
l)een  excised  in  removing  a  tumour,  and  the  patient  showed  no 
s^TTiptoms  w^hatever.  But  section  of  both  vagi  generally  (though 
not  always)  causes  respiration  to  become  for  a  time  much  deeper 
and  slower,  the  one  change  comjx^nsating  the  other,  so  that  the 
total  amount  of  air  taken  in  and  given  out.  and  the  amount  of 
carl>on  tlioxide  eliminated,  are  not  greatly  altered.  It  has  been 
shown  that  the  effect  is  really  due  to  the  loss  of  imj>ulses  that 
normally  ascend  the  vagi,  not  to  any  initation  of  the  cut  ends. 
For  a  nerve  can  be  frozen  without  exciting  it  ;  and  when  a 
l>ortion  of  each  vagus  is  frozen,  the  respiration  is  affected  in 
precisely  the  same  way  as  when  the  nerves  are  divided. 

After  section  of  Ijoth  vagi  certain  fibres  coming  from  the 
brain  abt:»ve  the  ves]iiratory  centre  take  a  share  in  the  regula- 
tion of  the  respiratory  movements.  The  bloodvessels  supplying 
these  fibres,  or  the  centres  from  which  tlicy  come,  can  be  blocked 
by  injection  of  paraffin  wax  into  the  common  or  internal  carotid, 
or  the  bulb  ran  he  severed  with  thr  knife  above  the  level  of  the 
respiratory  centre,  without  any  effect  being  ]>r{Kluced  upon  the 
breathing.  But  when  both  the  vagi  and  these  upper  paths  are 
cut  the  character  of  the  respiration  is  entirely  changed,  exceed- 
ingly prolonged  inspiratory  spasms  alternating  with  long  periods 
of  complete  relaxation  of  the  diaphragm  till  the  animal  dies. 

From  these  facts  it  ajijiears  that  the  periodic  automatic  dis- 
charges of  the  respiratory  centre  are  being  continually  controlled 
and  modified  by  ini[Hilses  passing  up  the  vagus,  and  that  in  the 
absence  of  these  impulses  a  certain  degree  of  control  is  exercised 
by  the  higher  paths,  which,  however,  do  not  ap}>ear  to  be  nor- 
mally in  action.  When  the  vagi  are  severed,  the  control  of  the 
higher  paths  comes  into  play,  and  is  sufficient  still  to  keep  the 
breathing  regular,  although  it  is  slowed.  When  the  higher  paths 
are  cut  off.  the  vagus  of  itself  is  able  to  regulate  the  discharge. 
But  when  both  are  gone,  the  res]>iratory  centre,  freed  from  con- 
trol, passes  into  a  condition  of  alternate  spasm  and  exhaustion. 

The  rhythmical  excitation  of  the  regulating  vagus  fibres  must 
be  brought  about  either  by  mechanical  stimulation  of  the  nerve- 
endings  in  the  lungs,  due  to  the  alternate  stretching  and  shrink- 
ing, or  by  chemical  stimulation  dei:)ending  on  the  changes  that 
occur  with  each  respiration  in  the  content  of  oxygen  and  carbon 


1 
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dioxide  in  the  alveolar  air,  and   therefore    in   their    pressure 
(p.  219)  in  tho  blood.     Both  views  have  found  advocates,  bu( 
whatever    inilueiice    the    chemical    changes   in   thn    blood   may 
exert,  there  is  no  duubt  that  tlie  mt^clianicai   factors  are   the 
more    imi-wrlant.     That   the  vagus  is  really  excited  is  shown 
by  the  fact  that  a  negative  variation  (Chap.  XI.)  is  set  up  in 
the  nerve  when  the  lungs  arc   inflated.     An  electrical  change, 
although  not  so  i)ronounced,  is  also  obser\'ed  when  air  is  sucked 
out  of  the  lungs  (Alcock  and  Seemann). 

WTien  the  normal  excitation  of  the  vagus  fibres  by  expansion 
of  the  lungs  is  exaggerated  by  closing  the  trachea  at  the  end  ol 
inspiration,    the   dia])hragm   immediately   relaxes,    and   a    long 
expiratory  pause  ensues,  broken  at  last  by  a  series  of  inspira- 
tions much  deeper  and  more  prolonged  than  those  which  were 
taking  place  l^efore  occlusion.     WTten   the  trachea  is  occluded 

li 

Tio.  oj.  — KtspJHATORv  Tracings:  I/O... 

A.  normal :  B.  effect  of  stimvilation  of  th?  central  end  of  1  vagus  ;  C.  effect  of 
[«ctioaof  both  vafi.   (Tracing  takea  as  m  Fig.  i  u.  p.  xjb.)  Time.tmdag.  teconls. 

at  the  end  of  expiration,  a  series  of  deej)  and  long-drawn  inspira- 
tions occurs,  the  first  of  which  l>egins  at  the  moment  when  tlie 
next  normal  inspiration  ought  to  have  taken  place  had  the  wind- 
\n\ye  been  left   free.     The   most   obvious  explanation  of   these 
results  is  that  the  expansion  of  the  lungs  sets  up  impulses  in 
the  vagi  which  cut  short  the  inspiratory  activity  of  the  respira- 
tory centre,  while  in  collapse  impulses  are  set  up  which  excite 
t  to  renewed   inspiratory  discharge.     Clearly  this  would  con- 
Uitute  a  so-called  *  self-steering '  arrangement,  each  inspiration 
eading  inevitably  to  the  succeeding  expiration,  and  each  cx- 
Dtration   providing  the  necessary  stimulus   for   the  succeeding 
nspiration.     f)n    this    hyix>thesis    section    of    the    vagi    must 
necessarily  he  fol  lowed  by  slowing  of  the  respiratory  movements, 
ind  we  have  seen  tliat  this  is  the  case. 
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A  rival  hypothesis  is  that  the  automatic  activity  of  the  re- 
spiratory centre  leads  normally  to  the  discharge  of  mntor  im- 
pulses to  the  inspiratory  muscles,  which  are  cut  short  at 
each  expansion  of  the  lungs  by  the  inhibitory  action  of  the 
vagus,  the  nerve  not  being  excited  during  pulmonary  collapse, 
and  therefore  carrying  no  inspirator^'  impulses  to  the  centre. 
On  this  assumption,  we  may  think  ot  the  centre  as  being  *  wound 
up  '  like  a  clock,  the  periodic  arrival  of  regulating  impulses  acting 
like  an  escai^ement  movement,  and  allowing  a  certain  amount 
of  discharge.  When  the  vagi  are  cut  the  inspirations  are  greatly 
prolonged  and  deepened,  because  the  check  on  the  discharge  of 
the  centre  has  been  removed. 

Attempts  have  been  made  by  experimental  stimulation  of  the 
vagus  trunk  to  determine  whether,  as  a  matter  of  fact,  it  con- 
tains both  inspiratory  and  expiratory  libres.  But  the  results 
are  neither  so  clear  nor  so  constant  that  we  can  confidently 
appeal  to  them  in  making  a  decision,  and  even  some  of  the  in- 
vestigators who  maintain  the  existence  of  but  one  anatomical 
set  of  fibres  believe  that  these  are  affected  differently  by  different 
kinds  of  stimulation — momentary  stimuli,  for  example,  setting 
up  in  them  impulses  which  we  may  call  inspiratory,  and  long- 
lasting  stimuli  impulses  which  wc  may  call  expiratory. 

Excitation  of  the  central  end  of  the  cut  vagus  below  the  origin 
of  its  superior  laryngeal  branch,  with  induction  shocks  of  mode- 
rate strength,  certainly  causes  quickening  of  respiration.  If  the 
excitation  be  strong,  there  is  arrest  in  the  inspiratory  phase. 
A  brief  mechanical  stimulus,  or  a  series  of  such,  has  a  similar 
effect.  But  chemical  stimulation  {e.g.,  with  a  strong  solution 
of  potassium  chloride)  or  long-continued  mechanical  excitation 
like  that  produced  by  stretching  or  compression  of  the  nerve, 
or  certain  kinds  of  electrical  stimulation — for  instance,  the  very 
weakest  induction  shocks,  or  the  closure  of  an  ascending  voltaic 
current* — cause  slowing  of  the  respiratory  movements  or  ex- 
piratory standstill.  This  is  also  the  usual,  though  not  the 
invariable,  result  of  stimulating  the  suf)erior  laryngeal,  even 
when  w^eak  induction  shocks  are  employed.  With  stronger 
stimulation  energetic  contractions  of  the  expiratory  muscles 
may  occur.  These  facts  undoubtedly  suggest  the  existence  in 
the  vagus  of  two  kinds  of  afferent  nerve-tibres  that  affect  the 
respiratory  centre  in  op7>osite  ways— inspiratory  fibres,  which 
stimulate  it  to  greater  activity  of  discharge,  and  expiratory 
fibres,  which  inhibit  its  action.  The  latter  variety  we  may 
suppose  to  be  more  numerous  in  the  superior  laryngeal,  the 
former  in  the  pulmonary  branches  of  the  vagus.  And  there 
is  nothing  forced  in  the  hypothesis  that  certain  kinds  of  stimuli 
•  I.e.,  a  current  passing  towards  the  head  in  tlve  nerve. 
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act  particularly  on  the  one  set  of  fibres,  and  certain  kinds  on 
the  other,  for  we  have  already  seen  an  instance  of  this  in  study- 
ing the  differences  between  the  vasn-constrictf>r  and  the  vaso- 
dilator nen-es  (p.  141). 

However  this  may  be,  the  farts  we  have  been  discussing  have 
an  importance  of  Llieir  own,  apart  from  any  hypothetical  ex- 
planations of  them.  Some  of  them  havu  been  more  than  once 
unintentionally  illustrated  on  man.  In  one  case  the  left  vagus 
trunk  was  included  in  a  ligature  with  the  common  carotid.  The 
respiratory  movements  immediately  stopped,  the  pulse  was 
slowed,  and  death  occurred  in  thirty  minutes  (Rouse).  The 
superior  laryngeal  fibres,  unlike  those  of  the  vagus  ])ro]>cr,  do 
not  appear  to  be  constantly  in  action,  as  section  of  both  nerves 
lias  no  effect  on  respiration.  Any  source  of  irritation  in  the 
larynx  may  stimulate  these  fibres  and  produce  a  couyh.  N^liich  may 
also  be  caused  by  irritation  of  the  pulmonary  fibres  of  the  vagus. 

The  cutaneous  nerves,  and  especially  those  of  the  face  {fifth 
nerve),  abdomen  and  chest,  have  a  marked  influence  on  re- 
spiration. Tliey  can  be  easily  excited  in  the  intact  body  by 
thermal  and  mechanical  stimulation.  A  cold  bath,  for  instance, 
usually  causes  acceleration  and  deepening  of  the  respiratory 
movements ;  and  the  efficacy  of  mechanical  stimulation  of 
sensory  nerves  in  stirring  up  a  sluggish  respiratory  centre  is 
well  known  to  midwives,  who  sometimes  slap  the  buttocks  of 
a  newborn  child  to  start  its  breathing.  The  reflex  expiratory 
standstill  caused  in  rabbits  by  inhalation  of  such  sharp-smelling 
substances  as  ammonia,  acetic  acid,  and  tobacco-smoke  is  due 
to  afferent  impulses  passing  up  the  trigeminus  fibres  from  the 
mucous  membrane  of  the  nose,  and  is  still  obtained  after  section 
of  the  olfactory  nerves. 

Another  set  of  afferent  nerves  which  have  been  su[)posed  by 
some  to  bear  an  important  relation  to  the  respiratory  centre 
are  those  which  supply  the  muscles.  We  have  already  noticed 
that  the  frequency  of  respiration  is  greatly  augmented  by  mus- 
cular exercise.  TTie  simplest  explanation  would  seem  to  be  that 
afferent  muscular  nerves  are  stimulated  either  by  mechanical 
compression  of  their  terminal  '  spindles,'  or  by  the  chemical 
action  on  them  of  certain  waste  products  produced  in  contrac- 
tion. But  an  increase  in  the  respiratory  movements  is  caused 
by  tetanizing  the  muscles  of  a  limb  whose  ner\'es  have  been 
completely  severed,  and  which  is  indeed  connected  with  the 
rest  of  the  body  by  no  other  structures  than  its  bloodvessels. 
This  can  only  be  due  to  two  things  :  a  direct  action  on  the 
respiratory  centre  by  the  blood  that  has  passed  through,  and 
been  altered  in,  the  contracting  mascles,  or  an  action  exerted 
by  the  blood   indirectly  on   the  centre   through  the  excitation 
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of  afferent  respiratory  nerves  whose  connection  with  it  is  still 
intact — for  example,  the  other  muscular  nerves  or  tlie  pul- 
lULHiary  brandies  of  the  vagus.  That  the  action  is  direct  is 
shown  by  the  fact  (hat  after  section  of  the  vagi,  the  sympathetic, 
and  the  spinal  cord  Ix'low  the  origin  of  the  phrenics,  an  increase 
in  the  resjiiratorymovcincnts  is  still  produced  by  totanizing  alimb. 
It  is  generally  acknowledged  that  the  respiratory^  centre  may 
be  excited  lioth  by  blood  ttiat  is  ricli  in  carbon  dioxide  and  by 
l>k>od  that  is  poor  in  oxygen,  the  actual  stimulating  substance 
in  the  latter  case  being,  perhaps,  an  easily  oxidizable  body 
which  rapidly  disap|>cars  from  proiwrly  oxygenated  hlood. 

lUit  it  has  lx.'en  the  subject  of  long-continued  discussion 
whether  excess  of  carbon  dioxide  or  deftciency  of  oxygen  is 
the  more  potent  stimuKis.  The  truth  ap|X?ars  to  Ik?  that  much 
depends  upon  the  conditions  of  the  exixriment,  upon  the  size 
of  the  chamber,  for  instance,  in  which  an  animal  or  a  man  is 
made  to  breathe.  The  best  evidence  points  to  the  conclusion 
that  comparatively  small  alterations  in  the  amount  of  carbon 
dioxide  in  the  inspired  air  cause  a  relatively  great  increase  in 
the  respiration,  while  in  the  case  of  the  oxygen  the  departure 
from  the  normal  pro|)ortion  must  be  nuicli  more  decided  to 
bring  about  any  notable  effect.  Nor  is  it  at  all  out  of  harmony 
with  this  that,  when  very  large  quantities  of  carbon  dioxide 
(30  jwr  cent,  and  upwards  in  rabbits)  are  inhaled,  a  condition 
of  narcosis  comes  on  without  any  previous  respiratory  distress. 
For  many  sulistances  act  differently  in  large  and  in  small  doses. 
The  excitation  of  the  respiratory  centre  produced  by  muscular 
exercise  does  not  seem  to  depend  upon  the  presence  of  an  excess 
of  carbon  dioxide  in  the  arterial  bUxxi.  Indeed,  such  is  the 
efficiency  of  the  increased  pulmonary'  ventilation,  that  the 
amount  is  somewhat  less  than  the  normal  Nor  is  there  any 
deficiency  of  oxygen.  But  the  alkalinity  of  the  blood  is 
diminished,  and  its  |X)wer  to  transjtort  carbon  dioxide  corre- 
spondmgly  lessened.  The  carbon  dioxide  pressure  n  the 
respiratory  centre  therefore  rises,  and  the  excitation  of  the 
centre  is  increased.  It  is  not  necessary  to  assume,  as  some 
have  done,  that  acid  substances^  other  than  carbon  dioxide, 
produced  in  tlie  muscular  metalK>lism  are  directly  resjxinsible 
for  the  increase  in  the  resj^iratory  movements,  Haldane  has 
shown  that  the  carbon  dioxide  pressure  in  the  alveolar  air  in 
man  is  somewhat  increased  during  muscular  exercise,  and  has 
pointed  out  how  exquisitely  sensitive  the  respiratory  centre  is 
to  even  small  changes  in  this  pressure. 

When  tlie  gaseous  exchange  in  the  lungs  from  any  cause 
becomes  insufficient,  the  respiratory  movements  are  exaggerated, 
and  ultimately  every  muscle  which  can  directly  or  indirectly 
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act  upon  the  chest-wall  is  called  into  pUy  in  the  struggle  to  pass 
more  air  into  and  out  oi  the  lungs.     To  a  lesser  and  greater 
degree  of  this  exaggeration  of  breathing  the  terms  Uyperpmra 
-and  Dyspfuta  have  been  resfwictively  applied.     If  the  gaseous 
kinterchange    remains    insufficient,    or    is    altogether    prevented, 
\asphyxia  or  suffocatioti  sets  in.     Sometimes  in  man  inn)ending 
[asphyxia  from  loss  of  function  by  a  part  of  the  limgs,  as  in 
pneumonia,  may  be  warded  off  by  inhalations  of  oxygen.     In- 
crease in  the  temi>erature  of  the  blood  circulating  through  the 
spinal  bulb,  as  when  the  carotid  arteries  of  a  dog  are  laid  on 
metal  boxes  through  which  hot  water  is  kept  flowing,  also  causes 
dyspncea  {hcat-dyspwva)  [p.   257).     But  if  the  tem^H?rature  be 
tf»o  high,   the  respiratory  movements  may  lie  slowed,  [H!rhai>s 
,hv  a  ])artial  jiaralysis  or  inhibiti<ja  of  the  respiratory  centre. 
|\Vhen  the  bitxwl  is  cooled   the  res]tir;iliori  liecomes  deeper  and 
(slower,  but  if  tlie  tem^>erature  Is  greatly  and  suddenly  lowered, 
mie  centre  may  \w  stimulated  and  the  breathing  quickened.     In 
Iman  the  increased  tcm]>erature  of  the  blood  in  fever  is  a  cause, 
though  not  the  only  0[ie,  of  the  increase  in  the  rate  of  respiration. 
Apncea. — The  physiological  op|x)site  of  dyspncea  is  apnaa. 
This  condition  may  W  produced  in  an  animal  by  rapid  or  pro- 
longed artificial  respiration.     It  is  cs|.K*cially  easy  to  obtain  in  an 
lanimal  in  which  the  circulation  through  the  brain  and  bulb  is 
interrupted  for  a  time  and  then  restored,  while  artificial  respira- 
tion is  being  kept  up.     Spontaneous  respiration  returns  after  a 
longer  or  shorter  interval,  but  if  the  artificial  respiration  be  still 
[maintained,  it  again   ceases.     In  a   successful    experiment   the 
l^animal  remams  without   breathing  for  several,  or  even  many, 
seconds  after  the  artificial  respiration  is  stopped.     In  apnoca  the 
rdiesi  remains  at  rest  in  the  expiratory  pliase  if  the  lungs  have 
been  inflated  by  the  artificial  resjnration  and   then  allowed  to 
collapse  of  themselves  (exi)iratory  apmea),  but  in  the  ins] oratory 
ipliase  if  they  have  been  emptied  by  suctKm  and  then  ]H.'nnitted 
lof  themselves  to  expand  (inspiratory  apncea).     The  apnoeic  state 
[is  due  in  }>art  to  an  inhibitory  effect  produced  through  the  vagi  on 
the  respiratory  centre,  the  pulmonary  nerve-endings  being  affected 
mechanically  by  the  artificial  respiration.     The  apncea  is  not  pro- 
iduced.  as  some  have  thought,  by  the  accumulation  of  an  excess 
^of  oxygen  in  the  blood,  for  rapid  and  rcj>eated  inflation  of  the 
lungs  with   hydrogen   may   cause   the   condition.     Indeed,   the 
venous  blood  in  aj^ncea  is,  if  anything,  poorer  in  oxygen  than 
normal  venous  blocKj.     But  a  chemical  apncea  due  to  the  lowering 
of  the  i)artial  pressure  of  carbon  dioxide  in  the  alveolar  air,  and 
therefore  in  the  arterial  blood  and  the  respiratory  centre,  un- 
dmibtedly  exists,  and  may  even  be  more  important  than  the 
mechanical   apncea   just   described.     It    has   been   stated    thai 
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apncea  caused  by  a  relative  excess  of  oxygen  in  the  respiratory 
centre  may  be  established,  though  with  difficulty,  some  time  after 
section  of  the  vagi  by  rapid  artificial  ventilation  of  the  lungs 
with  air,  although  not  with  hydrogen.     But  this  is  atiil  in  doubt. 

That  p<H>rly  oxygi^nated  blood  ]>roduces  dyspncea  by  acting 
on  somt;  portion  of  the  brain  may  l>e  shown  in  an  interesting 
manner  by  establishing  what  is  called  a  cross-circulation  in  two 
rabbits  or  dogs.  The  vertebral  arteries  and  one  carotid  are 
tied  in  both  animals  ;  the  remaining  carotids  are  divided  and 
connected  crosswise  by  glass  tut>es,  or,  what  is  better,  as  it  avoids 
the  risk  of  clotting,  they  are  crossed  by  suturmg  the  cut  ends, 
so  that  the  brain  of  each  is  supplied  by  blood  from  the  other. 
When  the  n^-^piration  is  artificially  hindered  or  stopped  in  one 
of  the  animals,  it  shows  no  dyspntva  ;  it  is  in  the  other,  whose 
brain  is  Ijeing  fed  with  improperly  oxygenated  blood,  that  the 
respiratory  movements  become  exaggerated.  The  point  of 
attack  of  the  '  venous  '  l>lood  has  been  further  localized  in  the 
spinal  bulb  by  the  obscrvatinn  that  when  the  brain  has  been 
cut  away  above  it.  the  cord  severed  below  the  origin  of  the 
phrenics,  and  all  other  nerves  connected  with  the  region  txjtween 
the  two  planes  of  section  divided,  any  interference  with  the 
gaseous  exchange  in  the  lungs  is  at  once  followed  by  dyspnoea.* 

The  question  has  been  raised  whether,  in  the  absence  of  this 
'  natural '  stimulation  by  the  blood,  and  of  the  impulses  that 
constantly  reach  the  centre  along  its  afferent  nerves,  it  would 
continue  to  discharge  itself,  or  w^hether  it  would  sink  into  inac- 
tion. We  have  already  discussed  a  similar  question  in  regard 
to  the  cardiac  and  vaso-motor  centres,  and  the  subject  must 
again  present  itself  when  wc  come  to  examine  the  functions  of 
the  central  ner^'ous  system.  In  the  meantime  it  is  only  neces- 
sary to  say  thai  the  apparent  automatism  of  the  respiratory 
centre,  although  modified  by  the  (pialily  of  the  blood  which 
circulates  in  it.  is  not  essentially  dt'iK^ndent  on  it ;  for  in  animals 
whose  blood  has  been  replaced  by  normal  saline,  or  serum,  and 
in  frogs  after  excision  of  the  heart,  quiet,  regular  breathing  has 
been  seen.  Nor  is  it  wholly  dependent  upon  the  arrival  of 
afferent  impulses.  For  after  section  of  the  bulb  above  the  centre^ 
of  the  cord  below  the  origin  of  the  fjhrenics,  of  the  vagi  and  of  the 
posterior  roots  of  all  the  up})er  cervical  nerves,  the  spasmodic 
respiration  which  we  have  already  described  as  occurring  when 
the  vagi  and  the  higher  paths  have  been  severed  continues 
without  essential  mnditication. 

Action  of  Drugs  on  the  Respiratory  Centre. — The  respira- 

•  The  conchisioii  is  doulitless  currect.  but  this  cxpuriment  is  not  decisive. 
For  the  phreuic  nerves  themselvos  contain  atlerent  fil>res,  the  stimulation 
which  cuu  inlluence  Die  respiration  after  section  of  the  vagi. 
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lory  centre  is  directly  affected  by  numerous  drugs.  Pituri  and 
nioctine,  for  instance,  cause  in  various  animals  a  quickening  and 
deepening  of  the  respiration,  followed,  if  the  dose  has  been  large, 
by  slowing  and  ultimate  cessation.  The  action  of  the  great 
majority  of  such  substances,  however,  possessts  only  a  pharmaco- 
logical interest,  and  it  would  be  out  of  place  even  to  enumerate 
them  in  a  text-book  of  physiology.  But  there  are  one  or  two 
points  in  the  action  on  the  respiratory  centre  of  chloroform  and 
alcohol — substances  so  greatly  employed  in  practical  medicine  and 
in  physiological  research — which  may  proj^erly  be  touched  on  here. 
Chtoroform. — The  caiu^  of  the  deaths  from  chloroform  which, 
at  rare  intervals,  startle  the  operating  theatre  of  every  great 
hospital  where  this  anaesthetic  is  used,  has  been,  on  account  of 
its  extreme  practical  mterest,  the  subject  of  prolonged  discus- 
sion and  experiment.  Is  it  the  heart  that  fails  ?  Or  is  it  the 
respiration  ?  The  answer  of  what  is  known  as  the  '  Edinburgh 
^M  School '  was  that  the  respiration  {in  j^hysiological  terms,  the 
^^kcspirator>'  centre)  is  .always  first  paralyzed.  Their  golden  rule 
^Hof  doctrine  in  chloroform  administration  was,  '  Watch  the  re- 
^^»Si>iration  ;  the  heart  will  take  care  of  itself ' — a  rule  which, 
^^■howcver,  in  *  Edinburgh  '  practice  did  not  exclude  careful 
^■obser\'ation  of  the  pulse.  This  view,  having  the  merit  of  sim- 
plicity, was  widely  adopted.  It  was  upheld  by  a  scientific 
commission  appointed  by  the  Nizam  of  Hyderabad  to  investi- 
gate the  question  with  the  aid  of  modern  physiological  methods. 
But  the  concUtsions  of  the  Hyderabad  Commission  seem  to  have 
been  too  absolutely  dravs'n.  For  it  has  been  shown  by  a  numl>er 
of  observers  that  chloroform  may  paralyze  the  heart  without 
primarily  affecting  the  respiration  ;  and,  further,  that  paralysis 
of  the  vaso-motor  centre,  and  the  consequent  withdrawal  of 
blood  from  the  heart  and  btain  to  the  dilated  s[)lanchnic  area, 
may  be  an  imi>«>rlunt  factor  in  bringing  about  a  fatal  result 
(p.  154).  In  norm:d  chloroform  ana^thesia  in  man  it  is  easy 
to  demonstrate  by  the  sphygmometer  a  fall  of  blood- pressure  in 
e  brachial  artery  of  20  to  40  mm.  of  mercury  (Hill).  It  would 
m  that  death  from  chloroform  may  take  place  either  from 
nmary  failure  of  the  respiratory  centre  followed  by  failure  of 
c  heart,  or  from  primary  paralysis  of  the  heart  or  of  the  whole 
ascular  mechanism  (including  the  muscular  tissue  of  the  heart 
and  bloodvessels  and  the  vaso-motor  centre),  followed  by  paralysis 
of  the  respiratory  centre.  Sometimes  the  respiratory  failure  and 
the  vasoilar  paralysis  may  be  simultaneous ;  often  one  may 
follow  so  hard  on  the  heels  of  the  other  that  it  is  diflficult  to 
deride  which  is  primary  and  which  secondar>'.  Much  depends 
pon  the  concentration  of  the  cliloroform  vapour.  Where  it  is 
ery  dilute  the  respiration  invariably  stops  before  the  heart. 
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But  the  stronger  the  chloroform  mixture  inhaled  the  greater^ 
is  the  damage  to  the  vascular  mechanism  relative  to  that 
inflicted  upon  the  respiratory  apparatus,  and  the  more 
rapidly  does  it  become  irreparable.  It  has  been  shown  that 
the  concentration  ol  chloroform  necessai'y  to  produce  serious 
effects  upon  the  isolated  mammalian  heart  when  added  to 
the  liquid  used  for  perfusion  is  practically  identical  with  tliat 
found  in  the  tilood  of  animals  fully  narcotized  with  the  drug 
by  inhalation.  In  ether  narcosis  the  quantity  of  the  anaes- 
thetic in  the  blood  is  not  sufficient  to  seriously  affect  the  heart, 
and  this  is  the  reason  why  ether  is  so  much  safer  than  chloro- 
form. The  practical  lesson  is  that  in  administering  chloroform 
both  thcres])ira1ion  antl  the  pulse  must  be  watched.  At  a  certain 
sta^t"  iu  chloroform  aniesthesia^  before  it  lias  tiecome  very  dee]), 
comparatively  trifling  causes  may  bring  about  great  and  sudden 
changes  in  the  pulse-rate,  owing  to  the  abnormal  mobility  of 
the  vagus  centre  (MacWilliam).  It  is  further  of  interest  in  con- 
nection with  the  causation  of  death  during  the  administration 
of  anaesthetics  that  the  afferent  nerves  of  the  alveoli  can  he 
chemically  stimulated  when  irritant  va|>ours,  such  as  chloroform, 
hydrochloric  acid,  ammonia,  bromine,  or  formaldehyde  are 
inhaled  through  a  tracheal  cannula,  cavising  reflex  arrest  of  the 
heart  and  of  the  respirattuy  movements  and  a  fall  of  blood- 
pressure  through  vaso-dilatation  (Brodie). 

Alcohol  in  small  doses,  when  given  by  the  stomach  or  (in 
animals)  injected  into  the  blood,  causes  stimulation  of  the 
respiratory  centre  and  mcrease  in  the  pulmonary  ventilation. 
In  man,  this  increase  usually  amounts  to  8-15  jx^r  cent.,  but  is 
occasionally  much  greater.  But  the  limit  which  separates  the 
favourable  action  of  the  small  dose  from  the  hurtful  action  of 
the  large,  is  easily  overste]>ped.  When  this  is  done,  and  the 
dust!  is  conlitmally  increased,  the  activity  of  the  resinratory 
centre  is  hrst  diminished  and  finally  abolished.  In  dogs,  for 
instance,  after  the  injection  of  considerable  quantities  of  alcohol 
into  the  stomach,  death  takes  j)lace  from  respiratory  failure, 
and  the  breathing  stojis  while  the  heart  is  stUl  unweakened 
(Fig.  63,  p,  155).  This  is  the  final  outcome  of  a  progressive 
impairment  in  the  activity  of  the  centre,  of  which  the  slow  ajid 
heavy  breathing  of  the  dninken  man  represents  an  earlier  stage. 
Spinal  Respiratory  Centres.— Although  the  chief  respiratory 
centre  lies  in  the  mcduJla  olilongata,  under  certain  conditions 
impulses  to  the  respiratory  muscles  may  originate  in  the  spinal 
cord.  Thus,  in  young  mammals  (kittens,  puppies),  especially 
when  the  excitability  of  the  cord  has  been  increased  by  strychnia, 
in  birds  and  in  alligators,  movements,  apparently  respiratory, 
have  been  seen  after  destruction  of  the  bram  and  spinal  bulb. 
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In  adult  cats,  when  the  functions  of  the  brain,  medulla,  and 
cervical  cord  have  been  abolished  by  occlusion  of  their  vessels, 
similar  movements  of  the  thoracic  and  abdominal  muscles  may 
be  seen,  but  they  are  not  sufficient  for  effective  respiration.  No 
proof  has  ever  been  given  that  in  the  intact  organism  the  spinal 
cord  below  the  level  of  the  bulb  takes  any  other  part  in  respira- 
tion than  that  of  a  mere  conductor  of  nerve  impulses ;  and  it 
is  not  justifiable  to  assume  the  existence  of  automatic  spinal 
respiratory  centres  on  the  strength  of  such  experiments  as  these. 

Death  after  Double  Vagotomy. — Alterations  in  the  rhythm 
of  respiration  are  not  the  only  effects  that  follow  division  of  both 
vagi.  In  certain  animals,  at  least,  this  operation  is  incompatible 
with  life.  In  the  rabbit,  as  a  rule,  death  takes  place  in  twenty- 
four  hours.  A  sheep  may  live  three  days,  and  a  horse  five  or 
six.  Dogs  often  live  a  week,  occasionally  a  month  or  even  two, 
and  in  rare  instances  they  survive  indefinitely.  The  most  pro- 
minent symptoms  (in  the  dog),  in  addition  to  the  marked  and 
permanent  slowing  of  respiration,  quickening  of  the  pulse  and 
contraction  of  the  pupils,  are  difficult  deglutition,  accompanied 
by  frequent  vomiting  and  progressive  emaciation.  The  appetite 
is  sometimes  ravenous,  but  no  sooner  is  the  food  swallowed  than 
it  is  rejected ;  and  this  is  particularly  true  of  water  or  liquid 
food.  The  fatal  result  is  usually  caused,  or  at  least  preceded, 
by  changes  of  a  pneumonic  nature  in  the  lungs.  The  precise 
significance  of  the  pulmonary  lesion  is  obscure.  But  it  would 
seem  that  paralysis  of  the  laryngeal  and  oesophageal  muscles, 
with  the  consequent  entrance  of  saliva,  food,  or  foreign  bodies. 
carrying  bacteria  into  the  lungs,  is  responsible  to  a  great  extent. 
And  when  only  a  partial  palsy  of  the  glottis  is  produced,  by  divid- 
ing the  right  vagus  below  the  origin  of  the  recurrent  laryngeal, 
and  the  left  as  usual  in  the  neck,  pneumonia  either  does  not 
occur  or  is  long  delayed.  It  may  be  that  the  tissue  of  the  lungs 
is  rendered  particularly  susceptible  to  such  insults  in  consequence 
of  trophic  or  vascular  changes  induced  by  section  of  the  pul- 
monary and  cardiac  fibres  in  the  vagi.  The  vomiting  is  certainly 
connected  with  the  paralysis  and  consequent  dilatation  of  the 
oesophagus  ;  and  by  previously  making  an  artificial  op>ening  into 
the  stomach,  or  by  a  surgical  prophylaxis  still  more  heroic,  the 
establishment  of  a  double  gastric  and  cesophageal  fistula  (p.  330). 
death  may  be  prevented  for  many  months. 

Innervation  of  the  Bronchial  Muscles. — Both  constrictor 
and  dilator  fibres  for  the  bronchi  are  contained  in  the  vagus. 
They  are  not  constantly  in  action,  but  can  be  reflexly  excited, 
most  easily  (in  the  dog  and  cat)  by  stimulating  the  nasal  mucous 
membrane,  and  particularly  a  small  area  well  back  upon  the 
nasal  septiun.     Cauterization  of  the  corresponding  area  in  man 
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is  said  to  give  permanent  relief  in  certain  cases  of  spasmodic 
asthma,  a  condition  in  which  the  recurrent  attacks  of  dyspncea 
seem,  according  to  the  most  generally  accepted  view,  to  be 
associated  with  spasm  of  the  bromhial  in\iscles. 

Special  Modifications  of  the  Respiratory  Movements. — 
Cheync-St()K\s'  Respiration  is  the  name  given  to  a  peculiar  type 
of  breathing,  marked  by  paiises  of  many  seconds  alternating 
with  groups  of  respirations.  In  eacti  group  the  movements 
gradually  increase  to  a  maximum  amphtude.  and  then  become 
gradually  shallower  again,  till  they  cease  for  the  next  pause. 
The  phenomenon  often  occurs  in  certain  diseases  of  the  brain, 
and  pressure  on  the  sphial  bulb  may  produce  it.  In  cats  in 
which  the  circulation  in  the  brain  and  medulla  oblongata  has 
been  interru|)ted  lor  a  time  and  then  restored  it  is  often  noticed 
at  a  certain  stage  of  resuscitation  of  the  respiratory  centre,  In 
frogs,  <'he\7ie-Stokes'  breathing  has  been  observed  as  the  result 
of  interference  with  the  circulation  in  the  spinal  bulb,  '  drown- 
ing/ or  ligature  of  the  aorta,  and  also  as  a  consequence  of  re- 
moval of  the  brain,  or  parts  of  it  (hemispheres  and  optic  thalami). 
Hut  it  is  not  peculiar  to  pathological  conditions,  being  also  seen, 
more  or  less  perfectly,  in  normal  sleep,  especially  in  children, 
and  in  morphia  and  chloral  poisoning. 

The  jieriodicity  seems  to  be  due  to  a  diminished  excitability 
of  the  nervous  system,  which  ])ermits  an  accumulation  of  carbon 
dioxide  and  a  diminution  of  oxygen  tn  the  blood  Iwyond  the 
limits  at  which  stimulation  of  the  respiratory  centre  normally 
occurs.  At  length  the  cliange  becomes  great  enough  to  excite 
the  sluggish  centre.  The  resjiirations,  beginning  as  very  feeble 
movements,  rai)idly  increase  in  strength  till  the  breathing  be- 
comes quite  deep  or  actually  dyspnceic.  The  store  of  oxygen 
is  replenished,  and  the  excess  of  carbon  dioxide  eliminated  by 
tliis  thorough  ventilation  of  the  lungs,  and  the  centre  sinks  once 
more  into  a  jxTiod  of  reixjsc  (Pembrey). 

Peculiarly  modified,  but  more  or  less  normal,  respiratory  acts 
are  coughing,  sneezing,  yawning,  sighing,  and  hiccup. 

A  cough  is  an  abrupt  expiration  with  open  mouth,  which  forces 
open  the  previoiLsIy  closed  glottis.  It  may  be  excited  reflexly 
from  the  mucous  meml)rane  of  the  respiratory  tract  or  stomach 
through  the  afferent  fibres  of  the  vagus,  from  the  back  of  the 
tongue  or  mouth,  and  (by  cold)  from  the  skin. 

Sneezing  is  a  violent  expiration  in  which  the  air  is  chiefly 
expelled  through  the  nose.  It  is  usually  excited  reflexly  from 
the  nasal  mucous  membrane  through  the  branch  of  the  fifth 
nerve  which  supplies  it.  Pressure  on  the  course  of  the  nasal 
nerve  will  often  stop  a  sneeze.  A  bright  light  sometimes  causes 
a  sneeze,  and  so  in  some  individuals  does  pressure  on  the  supra- 
orbital nerve,  when  the  skin  over  it  is  slightly  inflamed. 
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Yawning  is  a  prolonged  and  very  deep  inspiration,  sometimes 
accompanied  with  stretching  of  the  anns  and  the  whole  body. 
It  is  a  sign  of  nit- ntdl  or  physical  weariness. 

A  sigh  is  a  lon^-drawn  inspiration,  followed  by  a  deep  expiration. 

Hitxup  is  duo  to  a  spasmmlic  contraction  of  the  diaphragm, 
which  causes  a  sudden  insj^iration.  The  abrupt  closure  of  the 
glottis  cuts  this  short  and  gives  rise  to  the  characteristic  sound. 
The  following  readings  of  the  intervals  between  successive  spasms 
were  obtained  in  one  attack  :  13  sees.,  12  sees.,  15  sees.,  9  sees.. 
14  sees.,  ctc.^./'.,  one-fourth  or  one-fifth  of  the  frequency  of 
the  ordinary  respiratory  movements.  The  mere  fixing  of  the 
attention  on  the  observations  soon  stopped  the  hiccup. 


Chemistry  of  Respiration. 

Our  knowledge  of  this  subject  has  been  entirely  acquired  in 
the  last  200  years»  and  chiefly  in  the  last  century. 

Boyle  showed  by  means  of  the  air-pump  that  animals  die  in 
a  vacuum,  and  Bernouilli  that  fish  cannot  live  in  water  from 
which  the  air  has  been  driven  out  by  iKtiling. 

Mayow.  of  Oxford,  seems  to  a  considerable  extent  to  have 
anticipated  Black,  who  in  1757  demonstrated  the  presence  of 
carbonic  acid  (carbon  dioxide)  in  expired  air  by  the  turbidity 
which  it  causes  in  lime-water. 

\  most  fundamental  step  was  the  discovery  of  oxygen  by 
Priestley  in  1771,  and  his  proof  that  the  venous  blood  could 
be  made  crimson,  like  arterial,  by  being  shaken  up  with  oxygen. 

Lavoisier  discovered  the  composition  of  carbonic  acid,  and 
applied  his  discovery  to  the  explanation  of  the  respiratory  pro- 
cesses in  animals,  the  heat  of  which  he  showed  to  be  generated 
like  that  of  a  caudle  by  the  imion  of  carbon  and  oxygen.  He 
made  many  further  important  experiments  on  respiration,  pub- 
lishing sc:)me  ol  his  resuJis  in  I78(^,  when  the  French  Revolution, 
in  wliich  he  was  to  be  one  of  the  most  distinguished  victims,  was 
breaking  out.  He  made  the  mistake,  however,  of  supposing 
that  the  oxidation  of  the  carbon  takes  place  in  the  blood  as  it 
passes  through  the  lesser  circulation. 

That  some  carlx>n  dioxide  is  formed  in  the  lungs  there  is  no 
reason  to  doubt,  and  the  quantity  may  even  be  considerable. 
But  that  they  arc  not  the  chief  seat  of  oxidation  was  sufficiently 
proved  as  soon  as  it  was  known  that  the  blood  which  comes  to 
them  from  the  right  heart  is  rich  in  carbon  dioxide,  while  the 
blood  which  leaves  them  through  the  pulmonary  veins  is  com- 
paratively poor. 

There  are  two  main  lines  on  which  research  has  gone  in  trying 
to  solve  the  chemical  problems  of  respiration  :  (i)  The  analysis 
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and  comparison  of  the  inspired  and  expired  air,  or,  in  general, 

the  investigation  of  the  gaseous  exchange  lietween  the  blood 
and  the  air  in  the  liin^s.  (2)  The  analysis  and  comparison  of 
the  gases  of  arterial  and  venous  blood,  of  the  other  liquids,  and 
of  the  solid  tissues  of  the  body,  with  a  view  to  the  determination 
of  the  gaseous  exchaii^^e  between  the  tissues  and  the  blood.  We 
shall  l;ike  llu'Su  up  iis  far  as  possible  in  their  order. 

The  nietluxls  which  have  been  used  for  comparing  the  com- 
position of  inspired  and  expired  air  are  very  various. 

{ I )  Brea.thing  into  one  spirometer  and  out  of  another,  the  inspired 
and  expired  air  being  directed  by  valves.  The  contents  nt  the  spiro- 
nietcis  are  analyzed  at  the  end  of  the  experiment  (Speck),  In  the 
anangcment  of  Zuntz  and  Geppcrt,  instead  ot  the  whole  of  the 
expired  air.  a  sample  is  collected  for  analj'sis  during  the  entire  dura- 
tion of  tlie  experiment,  while  the  total  volume  expired  is  ineasnrcd  by 
a  Ras-inctcr.  This  is  a  very  convenient  method  for  observations  on 
man.  cspecinlly  in  disease,  but  each  experiment  cr.n  only  be  carried 
on  at  most  for  fifteen  to  twenty  minutes. 

(2)  A  small  apparatus,  much  on  the  same  principle,  was  used  for 
rabbits  by  I'fliigcr  and  his  pupils.  A  cannula  in  the  trachea  was 
connected  with  a  balanced  and  self-adjusting  spirometer  containing 
oxygen,  and  thr  inspired  and  expired  air  separated  by  caustic  potash 
valves,  which  absorbed  the  carbon  dioxide.  The  amount  of  oxygen 
used  could  be  read  off  on  the  spirometer,  and  the  amount  of  carbon 
dioxide  produced  cstimr-ted  in  the  hquid  of  the  valves. 

(5)  Elaborate  arrangement?,  such  as  Pettenkofer's  great  respira- 
tion apparatus,  and  the  still  larger  and  more  efficient  modifica- 
tions ol  it  constructed  since  his  time,  in  which  a  man.  or  even  several 
men,  can  remain  fur  an  indefinite  period,  working,  eating,  and 
sleeping.  Air  is  drawn  out  of  tlie  chantber  by  an  enguie,  its  vclume 
being  measured  by  a  gas-meter.  But  as  it  would  be  far  too  trouble- 
seme  to  analyze  the  whole  of  the  air.  a  sample  stream  of  it  is  con- 
stantly drawn  off,  which  also  passes  through  a  gas-meter,  through 
dr\*ing  tubes  containing  sulphuric  acid,  and  through  tubes  tilled  with 
baryta-water.  The  bar>'ta  solution  is  titrated  to  determine  the 
quantity  of  carbon  dioxide  ;  the  increase  in  weight  ot  the  drying 
tubes  givos  the  quantit>*  of  aqueous  vapour.  A  similar  sample 
stream  of  the  air  before  it  passes  into  the  chamber  is  treated  exactly 
in  the  same  way.  and  from  the  data  thus  got  the  quantity  of  carbon 
dioxide  and  aqueous  vapour  given  of!  can  readily  be  ascertained. 
The  oxygen  can  be  calculated,  as  the  difference  between  the  final 
body-weight  and  the  original  body-weight  plus  the  weight  of  the 
carbon  dioxide  and  water  eliminated,  but  may  also  be  directly 
estimated  by  special  method?. 

(4)  Haldanc  and  Pembrey  have  elaborated  a  gravimetric  method, 
which  is  vcr>'  suitable  for  small  animals.  It  depends  upon  the  ab- 
sorption of  carbon  dioxide  by  soda  lime.  (See  Practical  Exercises, 
p.  260.)  In  .^twate^'s  so-called  respiration  calorimeter,  which  will 
be  referred  to  again  under  '  .\nimal  Heat,'  and  by  which,  not  only  the 
gaseous  metaboUsm.  but  the  heal  production  can  be  measured  in 
man.  the  carbon  dioxide  is  estimated  in  the  same  way. 

The  expired  air  is  at  or  near  the  body  temperature,  and  is 
saturated  v\ith  watery  vapour.     It  contains  about  4  per  cent. 
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of  carbon  dioxide,  while  the  inspired  air  only  contains  a  traxre. 
The  expired  air  contains  i6  or  17  per  cent,  of  oxygen,  the  inspired 
air  about  21  per  cent.  The  |>ercenta^e  of  carbon  dioxide  in  the 
alveolar  air  at  the  end  of  expiration,  with  the  body  at  rest,  is 
remarkably  constant  in  one  and  the  same  individual  at  constant 
atmospheric  pressure.  There  are  in  addition  in  expired  air 
small  quantities  of  hydrogen  and  marsh-gas  derived  from  the 
alimentary  c:mal»  either  directly  from  eructation  or  after  absorp- 
tion into  the  blood.  Sometimes  a  trace  of  ammonia  can  be 
detected  in  the  air  of  expiration,  bat  this  is  due  to  decomf>osition 
of  proteids  taking  place  in  the  mouth,  especially  in  carious  teeth, 
or  in  the  air-passages  and  lungs  in  disease  of  these  organs.  It 
has  mdeed  been  shown  that  the  lungs  are  practically  impermeable 
for  ammonia.  Expired  air  is  entirely  free  from  floating  matter 
(dust),  which  is  always  present  in  the  inspired  air.  The  volume 
of  the  expired  air,  owing  to  its  higher  temperature  and  excess  of 
watery  vapour,  is  somewhat  greater  than  that  of  the  mspired  air. 
but  if  it  be  measured  at  the  temperature  and  degree  of  saturation 
of  the  latter,  the  volume  is  somewhat  less.  Since  the  oxygen  of  a 
given  quantity  of  carbon  dioxide  would  have  exactly  the  same 
volume  as  the  carbon  dioxide  itself  at  a  given  temperature  and 
pressure,  it  is  clear  that  the  deficiency  is  due  to  the  fact  that  all 
the  oxygen  which  is  taken  up  m  the  lungs  is  not  given  of!  as 
carbon  dioxide  ;  some  of  it,  going  to  oxidize  hydrogen,  reappears 
as  water — a  small  amount  of  it  unites  with  the  sulphur  of  the 
jTroteids  (p.  390).  The  quotient  of  the  volume  of  oxygen  given 
out  as  carlwn  dioxide  by  the  volume  of  oxygen  taken  in  is  the 
respiratory  quotient.  It  shows  what  proportion  of  the  oxygen 
is  used  to  oxidize  carbon.  It  may  approach  unity  on  a  carbo- 
hydrate diet,  which  contains  enough  oxygen  to  oxidize  all  its 
own  hydrogen  to  water.  With  a  rich  diet  in  fat  it  is  least  of  all  ; 
with  a  diet  of  lean  meat  it  is  intermediate  in  amount.  For 
ordinary  fat  contains  no  more  than  one-sixth,  and  proteids  not 
one-half,  of  the  oxygen  needed  to  oxidize  their  hydrogen.  In  man 
on  a  mixed  diet  the  respiratory  quotient  may  i>e  taken  as  08  01 
o'q.  So  long  as  the  tyj>e  of  respiration  is  not  changed,  the  respira- 
tory quotient  may  remain  constant  for  a  wide  range  of  meta- 
bolism. In  hibernating  animals,  however,  the  respiratory 
quotient  may  become  very  small  during  winter  slee|>  (as  low  as 
0*25).  both  the  output  of  carbon  dioxide  and  the  consumption  of 
oxygen  falling  enonnously,  but  the  former  in  general  more 
than  the  latter.  This  has  U'en  explained  on  the  assumption 
that  oxygen  is  stored  away  m  winter  sleep  in  the  form  of 
incompletely  oxidized  substances.  On  the  other  hand,  in 
excised  mammalian  muscles  at  a  low  temj^rature  the  con* 
sumption  of  oxygen   is  lessened  to  a  greater  extent  than  the 
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production  of  carbon  dioxide,  and  the  respiratory  quotient  may 
be  as  high  as  3*2.  Muscular  work  increases  the  respiratory 
quotient,  hcrause  rarbo-hydrates  are  chiefly  used  up.  In 
starvation  the  respirator^'  quotient  diminishes,  the  production 
of  carbon  dioxide  falling  off  at  a  greater  rate  than  the  con- 
sumption of  oxygen,  for  the  star\'ing  organism  lives  on  its  own 
fat  and  proieids,  and  has  only  a  trifling  carbo-hydrate  stock  to 
draw  ujion.  In  a  dialuUic  patient,  fed  on  a  diet  of  fat  and 
protfid  alone,  the  respirator}'  quotient  was  only  oO  to  07,  just 
as  in  a  starving  man. 

In  an  average  man  weighing  70  kilos  the  mean  production  of 
carlxin  dioxide  is  about  Hmi  f^ammes  (401)  litrrs)  in  twenty-four 
hours,  and  the  mean  consumption  ol  oxygen  about  700  grammes 
(4go  lities).  But  there  are  very  great  variations  depending  upon 
the  state  of  the  body  as  regards  rest  or  muscular  activity,  and  on 
other  circimistances.  In  hard  work  tin*  produrtion  of  carbon 
dioxidn  was  found  to  rise  to  nearly  i,joo  grammes,  and  m  rest 
to  sink  to  less  than  700  grammes,  the  consum]>tion  of  oxygen 
in  the  same  circumstances  increasing  to  nearly  i.ioo  grammes 
and  diminishing  to  600  grammes.  In  rest,  in  moderate  exertion, 
and  in  hard  work,  the  production  of  carbon  dioxide  was  found  to 
be  nearly  proportionate  to  the  numbers  2,  3,  and  ()  respectively. 
In  a  case  of  diabetes  the  consumption  of  oxygen  was  50  per  cent. 
greater  tlian  in  a  healthy  man,  corres]x>nding  to  the  higher  heat- 
equivalent  of  the  food  ol  the  diabetic  patient. 

Ventilation. — Taking  400  litres  ])er  twenty-four  hours,  or 
17  litres  \K:r  hour,  as  the  mean  production  of  carbon  dioxide  by 
an  average  male  adult  at  rest  or  doing  only  Hght  work,  we  can 
calculate  the  quantity  of  fresh  air  which  must  be  supplied 
to  a  room  in  order  to  keep  it  properly  ventilated. 

It  has  been  found  that  when  the  carbon  dioxide  given  off  in 
respiration  amounts  to  no  more  than  z  parts  in  10,000  hi  the  air 
of  an  ordinai-y  room,  the  air  remains  sweet.  When  the  carbon 
dioxide  given  off  reaches  4  [»ar(s  in  io,(hh),  the  room  feels  dis- 
tinctly, and  at  h  in  10,000  disagreeably,  close,  while  al  i)  jiarts  in 
10,000  it  is  oppressive  and  almost  intolerable.  This  lias  been 
supposed  by  some  to  l>e  due  to  a  volatile  jmison  exhaled  from 
the  lungs,  for  pure  carbon  dioxide  added  alone  in  similar  jtrct- 
portions  to  the  air  of  a  room  has  not  the  same  liad  effect.  Certain 
observers,  indeed,  alleged  that  the  condensed  vapour  of  the 
breath,  when  injected  intf>  rabbits,  j^roduced  fatal  symptoms. 
Hut  this  has  been  shown  to  he  erroneous  ;  and  the  most  careful 
experiments  have  failed  to  detect  in  the  air  expired  by  healthy 
persons  any  trace  of  such  a  poison.  It  has  therefore  been 
suggested  that  the  odour  and  other  ill-effects  of  a  close  room 
are  due  to  substances  given  off  in  the  sweat  and  the  sebum^  and 
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allowed  by  persons  of  uncleanly  habits  to  accumuJate  on  the  skin, 
and  also  to  the  products  of  slow  putrefactive  processes  constantly 
going  on,  under  favourable  conditions,  on  the  waUs,  floors,  or 
furniture,  but  only  becoming  i>t!rceptib]e  to  the  sense  of  smell 
when  ventilation  is  insufftcient.  In  a  small,  newly-painted 
chamber,  presumably  free  from  such  impurities,  it  was  not  until 
the  carbon  dioxide  reached  3  to  4  [)er  cent,  that  discomfort  began 
to  be  felt  and  the  respiration  to  be  quickened.*  No  close  odoiu* 
could  be  detected  (Haldane  and  Lorrain  SniithV 

Nevertheless,  experience  has  shown  that  it  is  a  good  working 
rule  for  ventilation  to  take  the  limit  of  pennissibie  respiratory 
impurity  at  2  parts  of  carbon  dioxide  per  10,000  ;  and  the  17  litres 
of  carbon  dioxide  given  off  in  the  hour  will  require  85,000  htres 
{or  3,000  cubic  feet)  of  air  to  dilute  it  to  this  extent.  This  is  the 
average  quantity  required  for  the  male  adult  \yev  hour.  For 
men  engaged  in  active  labour,  as  in  factories  or  mines,  twice 
this  amount  may  not  be  too  much.  For  women  and  children  less 
is  required  than  for  mun.  If  a  room  smells  close,  it  needs  ventila- 
tion, whatever  be  the  |)roportion  of  carbon  dioxide  in  the  air. 
It  must  be  remembered  that  in  permanently-occupied  rooms 
mere  increase  in  the  size  will  not  compensate  for  incomplete 
renewal  of  the  air.  although  it  may  Iw  easier  to  ventilate  a  large 
room  tlian  a  small  one  without  causing  draughts  and  other 
inconveniences.  But  as  few  apartments  are  occupied  during  the 
whole  twenty- four  hours,  a  large  room  which  can  lie  thoroughly 
ventilated  in  the  absence  of  its  inmates  has  a  distinct  advantage 
over  a  small  one  in  its  great  initial  stock  of  fresh  air.  The  cubic 
space  per  head  in  an  ordinary'  dwelling-house  should  be  not  less 
than  28  cubic  metres  or  i.ono  ciibir  feet. 

The  quantity  of  carbon  dioxide  given  off  (and  of  oxygen 
consumed)  is  not  only  affected  by  muscular  work,  but  also  by 
everything  which  influences  the  general  metabolism.  In  males 
it  is  greater  on  the  average  than  in  females  (in  the  latter  there  is 
a  temjKJrary  increase  durmg  pregnancy),  but  for  the  same  Ixxly- 
weight  and  under  similar  external  conditions  there  is  no  difference 
between  the  sexes.  The  gaseous  exchange  is  greater  in  pro- 
portion to  the  body-weight  in  the  child  than  in  the  adult.  This 
depends  largely  on  the  fact  that,  other  things  being  equal,  the 
metabolism  is  relatively  to  the  body-weight  more  active  in  a  small 
than  in  a  large  organism,  since  the  surface  (and  therefore  the 
heat  loss)  is  relatively  greater  in  the  former.  But  it  has  been 
shown  that  even  in  projwjrlion  to  the  surface  the  metabolism  is 

•  liyperpncca  Irom  defect  ol  oxygen  also  appears;  when  the  amount  of 
it  in  the  air  has  fallen  to  a  point  wtiich  varies  in  different  individuals  (in 
one  case  ij  per  cent.).  Warm-blooded  animaU  confined  in  a  small  air* 
space  die  from  want  of  oxygen,  and  not  from  the  accumulation  of  carbon 
oioxklc ;  but  the  opposite  appears  to  Ite  the  case  with  cold-bloodcd  animals. 
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greater  in  youth  than  in  adult  life,  and  greater  in  the  \4gorous 
adult  than  in  the  old  man.  So  that  the  age  of  the  organism  has 
an  influence  apart  from  the  extent  of  surface.  The  taking  of 
food  increases  the  gaseous  exchange,  partly  from  the  increased 
mechanical  and  chemical  work  performed  by  the  alimentary 
canal  and  the  digestive  glands.  But  that  this  is  not  the  sole 
causL!  of  the  increase  is  shown  by  the  fact  that  it  varies  with 
different  kinds  of  fcxxl  to  a  greater  extent  than  can  be  explained 
by  differences  in  the  ease  with  which  they  are  digested.  For 
instance,  maize  }*roduces  a  much  greater  increase  than  oats 
when  given  in  equal  amount,  and  a  |>roteid  diet  a  greater  increase 
than  a  diet  of  carhn-hydrate  or  fat.  Sleqi  diminishes  the  pro- 
duction of  carbon  dioxide  [lartly  becaase  the  muscles  are  at  rest, 
but  also  to  some  extent  because  the  external  stimuli  that  in 
waking  life  excite  the  nerves  of  special  sense  arc  absent  or 
ineffective.  Even  a  bright  light  is  said  to  cause  an  increase  in 
the  amount  of  carbon  dioxide  produced  and  of  oxygen  con- 
sumed ;  but  probably  only  by  increasing  muscular  movements, 
including  the  movements  of  respiration.  The  external  tempera- 
ture also  has  an  influence.  In  poikilotlwrmal  animals  (such  as  the 
frog),  the  tem])erature  of  which  vanes  with  that  of  thv  surround- 
ing medium,  the  production  of  carbon  dioxide,  on  the  whole, 
diminishes  as  the  external  temperature  falls,  and  increases  as  it 
rises.  In  homoiolhcrmal  animals,  that  is,  animals  with  constant 
blood  temperature,  external  cold  increases  the  production  of 
carbon  dioxide  and  the  consumption  of  oxygen.  But  if  the 
connection  of  the  nervous  system  with  the  striated  muscles  has 
been  cut  out  by  curara,  the  warm-blooded  animal  behaves  like  the 
cold-blooded  (Pfluger  and  his  pupils  in  gninea-pig  and  rabbit). 
These  interesting  facts  will  be  returned  to  under  *  Animal  Heat." 

Cold-blooded  animals  produce  far  less  carbon  dioxide,  and  con- 
sume far  less  oxygen,  per  kilo  of  body-weight  than  warm-blooded. 

The  following  table  shows  the  relation  between  the  body- 
weight  and  the  excretion  of  carbon  cUoxide  in  man  : 


Age, 

Wetght  In  Kiloi. 

CO^  cxcretod  per 
Kilo  per  Hour. 

58 

84-6 

o"4i  gramme 

44 

76-5 

0-48       ,. 

Male    ^ 

65 

0-51       » 

38 

82 

0-49       .. 

x6 

S7'7 

o'59       M 

I  9-6 

22 

0'9Z 

66'Q 

o'$<i       „ 

5.''9 

o*54       .. 

"7 

0*4  S 
0-83       „ 
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The  next  table  illustrates  the  difference  in  the  intensity  of 
metabolism  in  different  kinds  of  animals,  a  difference,  however, 
largely  dependent  upon  relative  size  : 


Oxygen  absorbed 

Carbon  Dioxide  given  iRespiratoryQuotient 

AnimaL 

per  Kilo  per  Hour. 

on  per  Kilo  per  Ho-.ir 

CO,       Oj(inCO,). 

in  grm.         in  c.r. 

0,   °'           0, 

Greenfinch 

13-000 

9091 

i3"S90 

6909 

076 

Hen      -     - 

I  "058 

740 

I  "327 

675 

0  -QI 

Dog      -    - 

1*303 

911 

i'325 

674 

074 

Rabbit     - 

0-987 

690 

1-244 

632 

0  'QI 

Sheep  -    - 

0-490 

343 

0*671 

341 

0-99 

Boar    -     - 

0-391 

273 

0'443 

225 

0*82 

Froc     -     - 

0*105 

73'4 

0-II3 

577 

078                  1 

Crayfish    - 

0-054 

38 

0-064 

327 

0-86              ' 

1 

Forced  respiration,  although  it  will  temporarily  increase  the 
quantity  of  carbon  dioxide  given  off  by  the  lungs,  and  thus  raise 
for  a  short  time  the  respiratory  quotient,  does  not  sensibly  affect 
the  production ;  it  is  only  the  store  of  already  formed  carbon 
dioxide  in  the  body  which  is  drawn  upon.  The  amount  of  oxygen 
taken  up  is  little  altered  by  changes  in  the  movements  of  respira- 
tion. Within  wide  limits  the  oxygen  consumption  of  the 
organism  is  independent  of  the  supply  of  oxygen  offered  to  it. 

How  it  is  that  the  depth  of  the  respiration  may  affect  the 
rate  at  which  carbon  dioxide  is  eliminated,  we  can  only  under- 
stand when  we  have  examined  the  process  by  which  the  gaseous 
interchange  between  the  blood  and  the  air  of  the  alveoli  is 
accomplished  ;  and  before  doing  this  it  is  necessary  to  consider 
the  condition  of  the  oxygen  and  carbon  dioxide  in  the  blood. 


The  Gases  of  the  Blood. 

Physical  Introduction.— Matter  may  be  assumed  to  be  made  up  of 
molecules  beyond  which  it  cannot  be  divided  without  altering  its 
essential  character.  A  molecule  may  consist  of  two  or  more  particles 
of  matter  (atoms)  bound  to  each  other  by  chemical  links.  The 
kinetic  theory  of  matter  supposes  the  molecules  of  a  substance  to  be 
in  constant  motion,  frequently  colliding  with  each  other,  and  thus 
ha\*ing  the  direction  of  their  motion  changed. 

In  a  gas  the  mean  free  path,  that  is,  the  average  distance  which  a 
molecule  travels  without  striking  another,  is  compariitively  long,  and 
far  more  time  is  passed  by  any  molecule  without  an  encounter  tliau 
is  taken  up  with  collisions.  Although  the  average  velocity  oi  the 
molecules  is  very  great,  these  collisions  will  produce  all  sorts  of 
differences  in  the  actual  velocity  of  different  molecules  at  any  given 
time.  Some  will  be  moving  at  a  greater,  some  at  a  slower  rate, 
than  the  average  ;  while  some  may  be  for  a  moment  at  rest.  If  the 
gas  is  in  a  closed  vessel,  the  molecules  will  be  constantly  striking  its 


218 


A    MANUAL  OF  PHYSIOLOGY 


sides  and  roboimding  from  them.  If  a  very  small  opening  is  mado 
in  the  vessel,  some  molecules  will  occasionally  hit  on  the  opening 
and  escape  altof*other.  If  the  opening  is  made  larger^  or  the  experi- 
ment continued  for  a  longer  time  with  the  small  opening,  all  the 
molecules  will  in  course  of  time  have  passed  out  of  the  vessel  into 
the  air,  while  molecules  of  the  oxygen,  nitrogen,  and  argon  of  the  air 
will  have  [lassed  in.  In  a  gas.  then,  not  enclused  by  impenetrable 
boundaries,  there  is  no  restricliou  on  the  path  wliicli  a  molecule  may 
take,  no  tendency  lor  it  lo  keep  within  any  Limits. 

When  two  chemically  indifferent  gases  are  placed  in  contact  with 
each  other,  diffusioyi  wU  go  on  till  they  arc  uniformly  mixed.  The 
diffusion  of  gases  may  be  illustrated  thus.  Snpiwise  we  have  a 
perfectly  level  and  in  every  way  uniform  field  divided  into  two  equal 

fKirts  by  a  visible  but  intangible  line,  the  well-known  whitewash 
ine,  for  instance.  On  one  side  af  the  line  pUice  500  bUnd  men  in 
green,  and  on  the  other  500  blind  men  in  red.  At  a  given  signal  let 
them  begin  la  move  about  in  the  field.  Some  of  the  men  in  greon 
will  pass  over  the  line  to  the  '  r«l  '  side  ;  some  cpf  tho  men  in  red 
will  wander  to  the  '  green  '  side.  Some  of  the  men  may  pass  over 
the  line  and  again  come  back  to  the  side  they  started  from.  But, 
upon  the  whole,  after  a  given  interval  has  ela|>scd.  as  many  green 
coats  will  be  seen  on  the  red  side  as  red  coats  on  the  green.  And  if 
tho  interval  is  long  enough  there  will  be  at  length  about  250  men  in 
red  and  250  in  green  on  each  side  of  the  boundary-line.  When  this 
state  of  equihbrium  has  once  been  reached,  it  will  henceforth  be 
maintained,  for,  ujHtn  the  whole,  as  many  red  uniforms  will  pass 
across  the  line  in  one  direction,  as  will  rccross  it  in  the  other. 

In  a  liquid  it  ie  very  different  ;  the  molecule  has  no  free  path.  In 
the  depth  of  the  liquid  no  molecule  ever  gets  out  o(  the  reach  of 
other  molecules,  although  after  an  encounter  there  is  no  tendency  to 
return  on  the  old  path  rather  than  to  choose  any  other  ;  so  that  any 
molecule  may  wander  t  hro  ugh  t  he  w  hole  lit]  uid .  Al  tho  ugh  the 
average  velocity  of  the  molecules  is  much  less  in  the  liquid  state 
than  it  would  be  for  the  same  substance  in  the  state  of  gas  or  vapour 
(gas  in  presence  of  its  Uquid),  some  of  them  may  have  velocities 
much  above  the  average.  If  any  of  these  happen  to  be  moving  near 
tho  surface  and  towards  it,  they  may  overcome  the  attraction  of  the 
neighbouring  molecules  and  escape  as  vapour.  But  if  in  their 
further  wanderings  they  strike  the  liquid  again,  they  may  again 
become  bound  down  as  liquid  molecules.  And  so  a  constant  inter- 
change may  take  place  between  a  liquid  and  its  vapour,  or  between 
a  liquid  and  any  other  gas.  until  the  state  of  equilibrium  is  reached, 
in  wliich  on  the  average  as  many  molecules  leave  the  liquid  to  become 
vapour  as  are  restored  by  the  vapour  to  the  liquid,  or  as  many 
molecules  of  the  dissolved  gas  escape  from  solution  as  enter  into  it. 
For  the  sake  of  a  simple  illustration,  let  us  take  the  case  of  a 
shallow  vessel  of  water  originally  gas-free,  standing  exposed  to  the 
air.  It  will  be  found  after  a  time  that  the  water  contains  the  atmo- 
spheric givses  in  certain  proportions — in  round  numbers,  about  ^  Jn  o* 
its  volume  of  oxygen  and  ^^  of  its  volume  of  nitrogen  (measured  at 
760  mm.  mercury  and  o"  C). 

Now,  let  a  similar  vessel  of  gas-free  water  be  placed  in  a  large  air- 
tight box  filled  -with  air  at  atmospheric  pressure,  and  let  the  oxygen 
be  all  absorbed  before  the  water  is  exf^wsed  to  the  atmosphere  of  the 
box.  The  latter  now  consists  practic  illy  only  of  the  nitrogen  of  the 
air,  and  its  pressure  will  be  only  about  four-fifths  that  of  the  external 
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atmosphere.  Nevertheless,  the  quantity  of  nitrogen  absorbed  by  the 
water  will  be  exactly  the  same  as  was  absortxid  from  the  air.  If 
the  box  was  completely  exhausted,  and  then  a  quantity  of  oxygen, 
equal  to  that  in  it  at  first,  mtroduced  before  the  water  was  exposed 
to  it.  the  pressure  would  be  found  to  be  only  about  one-fifth  that  of 
the  external  atmosphere  ;  but  the  quantity  of  oxygen  taken  up  by 
the  water  would  be  exactly  equal  to  that  taken  up  in  the  first 
experiment. 

Two  well-known  ph>'sical  laws  are  illustrated  by  our  supposed 
experiments:  (i)  In  a  mixture  of  gases  which  do  not  act  chemically 
on  each  other  the  pressure  exerted  by  each  gas  {caiied  the  partial  pressure 
of  the  gas)  is  the  same  as  it  would  exert  if  the  others  were  absent.  (2)  The 
quantity  {mass)  of  a  gas  absorbed  by  a  liquid  which  does  not  act  chemt- 
cally  upon  it  ts  proporttonal  to  the  partial  pressure  of  the  ^as.  It  also 
depends  upon  the  nature  of  the  givs  and  of  the  hquid,  and  on  the 
temperature,  increase  of  temperature  in  general  diminishinfi  tlic 
quantity  of  gas  absorbed.  It  is  to  be  noted  that  when  the  volume 
of  the  absorbed  gas  is  measured  at  a  pressure  equal  to  the  partial 
pressure  under  which  is  was  absorbed,  the  same  volume  of  gas  is 
taken  up  at  every  pressure. 

Suppose.  n(>w,  tliat  a  vessel  of  water,  saturated  with  oxygen  and 
nitrogen  for  the  ]>artial  pressures  under  which  these  gases  exist  in  the 
air,  is  placed  in  a  box  filled  with  pure  nitrogen  at  full  atmospheric 
pressure.  As  we  have  seen,  there  is  a  constant  interchange  gomg  on 
between  a  liquid  which  contains  gas  in  solution  and  the  atmosphere 
to  which  it  IS  exposed.  Oxygen  and  nitrogen  molecules  will  there- 
fore continue  to  leave  the  water  ;  but  if  the  box  is  large,  few  oxygen 
molecules  will  find  their  way  back  to  the  water,  and  ultimately  little 
oxygen  will  remain  in  it.  In  other  words,  the  quantity  of  oxygen 
absorbed  bv  the  water  will  become  again  proportional  to  the  partial 
pressure  of  oxygen,  which  is  not  now  much  above  zero.  On  the 
other  hand,  molecules  of  nitrogen  will  at  hrst  enter  the  water  in 
larger  number  tlian  they  esca|w  from  it.  for  the  pressure  of  the 
nitrogen  is  now  that  of  the  extcruiil  atmosphere,  of  which  its  partial 
pressure  was  formerly  only  four-fifths.  In  unit  volume  of  the  gas 
above  the  water  there  will  be  5  molecules  of  nitrogen  for  every  4 
molecules  in  the  same  volume  of  atmospheric  air.  Therefore,  on  the 
average  5  nitrogen  molecules  will  in  a  given  time  get  entangled  by 
liquid  molecules  lor  evcrv*  4  wliich  cjime  within  their  sphere  of  attrac- 
tion before,  (^n  the  whole,  then,  the  water  will  lose  oxygen  and  gain 
nitrogen,  while  the  atmospliere  of  the  air-light  box  will  gain  oxygen 
and  lose  nitrogen. 

H.  now,  the  partial  pressures  of  oxygen  and  nitrogen  under  which 
the  water  had  been  originally  saturated  were  imknown.  it  is  evident 
lluit  by  cx]x»sing  it  to  an  atmojipliere  of  known  composition,  and 
afterwards  determining  the  chiinges  produced  in  the  composition  of 
that  atmosphere  by  loss  to.  or  gam  trom.  the  gases  of  the  water,  we 
could  find  out  something  about  the  original  i>artial  pressures.  H, 
for  example,  the  quanritv'  of  oxygen  in  the  atmosphere  of  the  chamber 
was  increased,  we  could  conclude  tliat  the  partial  pressure  of  oxygen 
under  which  the  water  h.\d  been  saturated  was  greater  than  that  in 
ttie  chamber  at  the  beginning  of  the  experiment.  .\nd  if  wo  found 
that  with  a  certain  partial  pressure  of  oxygen  m  the  atmosphere  of 
the  chamber  there  w;*s  neither  gain  nor  loss  of  this  gas.  we  might  be 
sure  that  the  partial  pressure  (the  temperature  bemg  supposed  not 
to  var\*)  wa*  tne  same  when  the  water  was  saturated.     We  shall  see 
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later  on  how  this  principle  has  been  applied  to  determine  the  partial 

pressure  of  oxygen  or  carbon  dioxide  which  just  suffices  to  prevent 
blood,  or  any  other  of  the  liquids  of  the  body,  from  losing  or  gaining 
these  gases.  This  pressure  is  evidently  equal  to  that  exerted  by  the 
gases  of  the  liquid  at  its  surface,  which  is  sometimes  called  their 
'  tension  '  ;   for  if  it  were  greater,  gas  would,  upon  the  whole,  pass 

into  the  blood  :  and  if  it  were 
less,  gas  would  escape  from  the 
blood.  Thus,  the  tension  of  a 
i^as  in  soluhon  in  a  liquid  is 
cnual  tn  the  partiai  pressure  of 
tnat  gas  in  an  atmosphere  to 
ivhich  the  liquid  is  exposed,  which 
is  just  sufficient  to  prevent  gatn 
or  loss  of  the  gas  by  the  liquid 
(p.  226). 

The  foUawiuK  imyLginary  ex- 
periment may  further  illustrate 
i  he  meaning  ni  the  term 
'  tension  '  of  a  gas  in  a  liquid 
m  this  connection  : 

Suppose  a  cylinder  filled  with 
a  lic^uid  containing  a  gas  in 
solution,  and  closed  above  by  a 
piston  movmg  air-tight  and 
without  friction,  in  contact  with 
1  he  surface  of  the  liquid  ( Fig.  93 ). 
Let  the  weight  of  the  piston  be 
balanced  by  a  counterpoise. 
The  pressure  at  the  surface  of 
the  liquid  is  ewdently  that  of 
the  atmosphere.  Now,  let  the 
whole  be  put  into  the  receiver  of 
an  air-pump,  and  the  air  gradu- 
ally exhausted.  Ket  exhaustion 
proceed  iintiJ  gas  begins  to 
escape  from  the  liouid  and  lies 
in  a  t hi  n  1  aycr  between  its 
surface  and  the  piston,  the 
quantity  of  gas  which  has  be- 
come free  being  very  small  in 
proportion  to  that  still  in  solu- 
tion. At  this  point  the  piston 
is  acted  upon  by  two  forces 
which  balance  each  other,  the 
pressure  of  t  he  air  in  the 
receiver  acting  downwards,  and 
the  pressure  of  the  gas  escaping 
from  the  Uquid  acting  up- 
wards.    If 


Fig.   91. — Imac.inarv   Experiment  to 

ILLttSTHATE     '  TENSION  '    OF   A    GaS    IN 

A  Liquid. 

P.  frictionlrrss  piston  ;  L,  liquid  in 
cylinder  ;  <"»,  gas  beginning  to  escape 
from  liquid.  P  is  exactiv  counterpoised. 
In  addition  to  the  manner  descril>ed  in 
thr  text,  the  experiment  may  be  sup- 
posed to  be  performed  thus:  Let  the 
weiRht.  W.  be  determined  which,  when 
the  receiver  is  romplelely  exhausted, 
suflices  I'ust  to  keep  the  pistnn  in  con- 
tact with  the  lii^uid.  The  pressure  of 
the  gas  is  then  just  cnunterbaUnced  by 
W;  and  if  S  is  the  area  of  the  crcjss- 
sectioa  of  the  piston   the   pressure  of 

W 

the  gas  per  unit  of  area  is    .      Or  if 


S 

hollow,   and   merrurv   is 

t  so  as  just   to  keep  it  In 


thr   piston 

poured  into 

contact  with  the  liquid,   the  height  of 

the  column  of  mercury  required  is  also 

equal  to  the  pressure  or  tension  of  the 

gas- 


the  pressure  in  the 
receiver  is  now  sHRhtly  increased,  the  gas  is  again  absorbed.  The 
pressure'  at  which  this  just  hapiiens.  and  ag^tiii&t  which  the  ])istou  is 
stti!  supported  by  the  impacts  of  gaseous  molecules  fl\Mng  out  of  the 
liquid,  while  no  pressure  is  as  yet  exerted  directly  between  the  hquid 
and  the  piston,  is  obviously  equal  to  the  pressure  or  tension  of  ttie  gas 
in  the  liquid. 
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From  the  above  principles  it  follows  that  a  gas  held  In  solntion 
may  be  extracted  by  exposure  to  an  atmosphere  in  which  the  partial 
pressure  of  the  gas  is  made  as  small  as  |Hj3sibIc.  Thus,  oxygon  can 
be  obtained  from  liquicbi  in  which  it  is  simply  dissolved  by  putting 
ihom  in  an  atmosphere  of  hyflroRcn  or  nitTogen.  in  which  the  partial 
pressure  of  oxygen  is  zero,  or  in  the  vacuum  of  an  air-pmnji,  in  which 
it  is  extremely  small.  Heat  also  aids  the  expulsion  ot  dissolved 
gases.     Some  gases  held  in  wo.ik  chomic.il  unitHi,  like  tlic  loosely- 

A.  the  blood  bulb  ;  B.  the  (roth 
rhamher ;  C.  the  drying  tube ; 
D«  fixed  mercury  tube;  E,  ii)ovdt>l«? 
mercury  hulb  connrrtcd  by  a 
flexible  tube  with  1)  ;  F.  eudiuiucter  ; 
G.  a  narrow  delivery  tube  :  i,  2.  3,  4, 
taps,  4  being  a  three-way  lap.  A  is 
titled  with  bkiod  by  connertiriK  the 
tap  I  by  means  of  a  tube  with  a 
blutidvesset.  Taps  1  aiul  2  are  then 
rJusrd.  The  re^t  of  the  apparatus 
from  B  to  O  is  now  exhausted  bv 
raising  li,  with  tap  4  turned  &n  as 
to  plaec  I)  only  in  communieatioii 
with  G.  till  the  mercury  fills  L).  Tap  4 
is  now  turned  so  as  to  connect  C 
with  r>.  anJ  cut  off  tt  from  1),  and 
E  is  lowered.  The  mercury  passes 
out  of  D,  .'in<l  air  pusses  into  it 
from  B  and  C.  Tap  4  i*  again 
tiinied  so  as  to  cut  ofl  C  from  I> 
and  connect  i'»  and  D.  E  is  raised 
and  the  mercury  passes  into  O  an  1 
forces  the  air  out  through  G,  the 
end  of  which  has  not  hitherto  been 
placed  under  K.  This  alternatp 
raising  and  lowering  of  E  is  coH' 
itnueil  till  a  ni-intimeler  connected 
between  C  and  4  indicates  that  the 
preMtire  has  been  sufficiently  re- 
duced. The  tap  z  is  now  opened  : 
the  gases  of  the  blood  bubble  up 
into  the  froth  dianttier,  pass  through 
the  drying-tube  C.  which  is  filled 
with  pumire-stone  and  sulpburir 
acid,  and  enter  ll.  The  end  of  (i 
is  placed  under  the  eudiometer  F, 
and  by  raising  E,  with  tap  4  turned 
so  as  to  cut  off  C,  the  gases  are  forced  out  throjgb  G  and  collected  in  F. 
The  movements  required  for  exhaustion  can  be  repeated  several  times  till  no 
more  gai  comes  ofT.  The  escape  ot  gas  from  the  blood  is  facilitated  by  im- 
mening  the  bulb  A  in  water  at  40"  to  30*  C 


Fig.  94.— ScitKMit  or  GAs-ruup. 


combined  oxygen  of  oxyhemoglobin,  can  be  obtained  by  dissociation 
of  their  compounds  when  the  partial  pressure  is  reduced.  More 
stable  combinations  may  require  to  be  broken  up  by  chemical  agents 
—carbonates,  for  instance,  by  acids. 

Extraction  of  the  Blood-gases. — This  is  best  accomplished  bv 
exposing  blood  to  a  nearly  perfect  \acuum.  The  gas-pumps  which 
have  l>een  most  largely  used  in  blood  analysis  arc  constructed  on  the 
principle  uf  the  Torricellian  viicuum.     A  diagram  of  a  simple  form  of 
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Pflikgcr's  gas-pump  is  ^ven  in  Fig.  94.  The  gases  obtained  are 
ultimately  dried  and  collected  in  a  eudiometer,  which  is  a  grtuluated 
l^hLs^  tube  with  its  nioutli  dipping  into  mercury.  The  carbtju  dioxidu 
is  CHtimiiled  by  introducing  a  liltlo  caustic  potash  to  absorb  it.  The 
diminution  in  the  volume  oi  the  gas  contained  ni  the  eudiometer 
gives  the  volume  of  the  carbon  dioxide,  Ttie  oxygen  may  be 
C5timate<l  by  putlmg  into  the  eudiometer  more  than  enough  hydrogen 
to  unite  with  all  the  oxygen  so  as  to  form  water,  and  then,  after 
reading  off  the  volume,  exploding  the  mixture  by  means  of  an  electric 
spark  passed  through  two  platinum  wires  fused  into  the  glass.  One- 
third  of  the  diminution  of  volume  represents  the  tjuantity  of  oxygen 
present.  It  can  also  be  estimated  by  absorption  with  a  solution  of 
pyrogallic  acid  and  potassium  hydrate.  The  remainder  of  the 
original  mixture  of  blond-gases,  after  detluction  of  the  carbcm  dioxide 
and  oxygen,  is  put  down  as  nitrogen  (with,  no  doubt,  a  small  propor- 
tion of  argon).  For  the  sake  of  easy  comparison,  the  observed 
volume  of  gas  is  always  stated  in  terms  of  its  equivalent  at  a  standard 
pressure  and  temperature  (760  mm.,  nr  sometimes  on  the  Continent 
I  metre  of  mrrcurv,  and  o''  C). 

It  is  also  pftssible  in  various  ways  to  estimate  the  amount  of  oxygen 
in  blood  without  the  use  of  the  pump.  Thus,  since  a  definite  volume 
of  oxygen  (r.^.^^i  c.c.  at  0°  C.  and  jdo  mm.  pressure)  combines  with 
a  gramme  of  hxMUoglobin.  we  can  calculate  the  total  volume  of 
oxgyen  present  if  we  know  how  much  of  the  blood-pigment  is  in  the 
form  of  oxyhaemoglobin  ;  and  this  can  be  determined  by  means  o! 
the  spectrophotometer.  Or  potassium  fcrricyanide  may  bo  added 
to  the  blood.  This  expels  the  oxygen  from  its  combination  with  the 
hiemoglobin.  melh^moglobin  being  formed  (Haldane)  (p.  57), 

In  dog's  blocxl,  which  has  l>eeri  up  to  this  time  chiefly  investi- 
gated, there  arc  considerable  variations  in  the  quantity  of 
oxygen  and  carbon  dioxide  which  can  be  extracted  ;  and  this 
is  particularly  tnie  of  the  venous  blood,  as  might  naturally  be 
expected,  since  even  to  the  eye  it  varies  greatly  according  to  the 
vein  it  is  obtained  from,  the  rapidity  of  the  circulation,  and  the 
activity  of  the  tissues  which  it  has  just  left.     On  the  average, 

Volumes  of 

100  volumes  of  arterial  blood  yield  -         -20  40        1-2 

mixed  venous  blood  (from 
right  heart)  yield        -  -         .         .     m-iz     45-50     1-2 

(reduced  to  0°  C  and  760  mm.  of  mercurv). 

Average  venous  blood  contains  7  or  8  per  cent,  by  volume 
less  oxygen,  and  7  or  8  per  cent,  more  carbon  dioxide,  than 
arterial  blood.  Thus,  in  the  lungs  the  blood  gains  about  twice 
as  many  volumes  o!  oxyRvn  |>cr  cent,  as  the  air  loses,  and  the  air 
gains  about  haK  bon  dioxide  jx^r  cent. 

as  the  blocxl  1.-  t   this  must  be  so,  for 

the  volnm<  ven  time  is  about  twice  as 

great  as  th  ,  ....h*s  through  the  pulmonary 

circuLi'  Even  arlenal  blood   is   not 


I 
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quite  saturated  with  oxygen  ;  it  can  generally  still  take  up  one- 
tenth  to  one-fifteenth  of  the  quantity  contained  in  it.  Nor 
Ls  s-enous  blood  nearly  saturated  with  carbon  dioxide  ;  when 
shaken  with  the  gas  it  can  take  up  about  150  volumes  |Kr  cent. 

When  the  gases  are  not  removed  from  hlotni  immediately 
after  it  is  drawn,  its  colour  becomes  darker,  and  it  yields  more 
carbon  dioxide  and  less  oxygen  than  if  it  is  evacuated  at  once 
(Pfliiger).  From  this  it  is  concluded  that  oxidation  goes  on 
m  the  blood  for  some  time  after  it  is  shed.  The  oxidizable 
substances  are,  however,  confined  to  the  corpuscles,  which 
suggests  that  ordinary  metabolism  simply  continues  for  some 
time  in  the  formed  elements  of  the  shed  blood,  and  that  the 
disapj>earance  of  oxygen  is  not  due  to  the  oxidation  of  substances 
which  have  reached  the  hlo<xl  from  the  tissues. 

The  Distribution  of  the  Gases  in  the  Blood. — Tlie  oxygen  is 
nearly  all  contained  m  the  corpuscles.  A  little  oxygen  can  l>e 
pumped  out  of  serum  (O'l  to  0*2  per  cent,  by  volume),  but  this 
follows  the  Henry-Dalton  law  of  ]>ressures ;  that  is,  it  comes  off 
proportion  to  the  reduction  of  the  partial  pressure  of  the 
\\\  in  the  pump,  and  is  simply  in  solution. 

When  blood  is  being  pumped  out,  very  little  oxygen  comes 
^off  till  the  pressure  has  been  reduced  to  about  half  an  atmo- 

>here.  At  about  a  third  of  an  atmosphere,  if  the  blood  is  nearly 
[at  body  temperature,  the  oxygen  begins  to  escajK?  a  little  more 
'freely  ;  and  when  the  jiressure  has  fallen  to  about  one-sixth 
of  an  atmosphere  {corresponding  to  a  i>artial  pressure  of  oxygen 
of  25  to  JO  mm.  of  mercury),  it  is  disengaged  with  a  burst.    This 

lows  that  it  is  not  simply  absorbed,  but  is  united  by  chemical 
bonds  to  some  constituent  of  the  blood.  The  same  thing  is  seen 
when  defibrinated  blood  is  saturated  at  body  temperature  with 
oxygen  at  different  pressures.  The  quantity  taken  up  lessens 
hut  slowly  as  the  pressure  is  reduced,  till  at  about  25  to  jo  rnrru 
*>f  mercury  an  abrupt  diminution  takes  place.  It  is  found  that 
a  solution  of  pure  hsmoglobin  crystals  behaves  towards  oxygen 
just  like  blood  ;  and  there  is  no  doubt  that  the  body  tn  blcxKl  with 
which  the  oxygen  is  lf>osely  united  is  ha-moglobin. 

\Vc  may  suppose  that  at  the  ordinarv*  tcmixiraturo  and  pressure* 

irae  oxygen  is  continually  escaping  from  the  bonds  t)y  which  it  is 

to  the  haemoglobin  ,■  but,  4>n  Iho  whole,  an  o(]ual  number  of 

molecules  of  oxygen,  coming  within  the  range  of  the  haemoglobin 

lolocuJes.  are  entangled  by  them,  Hud  thus  equilibrium  is  kept  up. 

If  now  the  atmospheric  pressure,  and  therefore  the  partial  pressure  of 

oxygen,  is  reduced,  the  tendency  of  the  oxygen  molccuics  to  break  off 

from  the  bxmoglobin  ynVi  be  unclianged,  and  as  many  molecules  on 

•  The  partiat  pressure  of  oxygen  in  air  at  760  mm.  atmospheric  prirssure 
21 

T.Z^*^?^.  or  159*0  mm. 
100    '  ■'^ 
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the  whole  will  escape  as  before  ;  but  even  after  a  considerable 

reduction  of  pressure  the  haemoglobin,  such  is  its  avidity  for  oxygen, 
will  still  be  able  io  seize  as  many  atoms  as  it  loses.  The  more,  how- 
ever, the  partial  pressure  of  the  oxygen  is  diminished — that  is  to  say, 
Ihc  fewer  oxyfien  molecules  there  are  in  a  given  space  above  the 
haemoglobin— the  smaller  will  be  the  chance  of  the  loss  being  made 
up  by  accidental  captures.  At  a  certain  pressure  the  escapes  will 
become  conspicuously  more  numerous  than  the  captures  ;  and  the 
gas-pump  will  give  evidence  of  this,  although  it  could  give  us  no 
information  as  to  mere  molecular  interchange,  so  long  as  equilibrium 
was  maintained. 


/^or-'e;-:^  ayp  c/O^-yj^^ 


J'-        ^Z7'    ■'■^ 


Fig..  05- — Ct'H*.K    (n    I>issoci\tion    oh    Oxvii.cMouLOBtN    at    35*    C.    (after 

Hi-'FNKR'S     KCSI'LTS). 

Along  the  horizontal  axis  are  plotted  the  pArtinI  jiressures  (numbers  below  the 
curve)  of  oxy^n  in  ah*,  to  which  a  solution  of  hamioglobin  was  exposed.  The 
correspondin^  perceiitagrs  of  oxygen  are  given  above  the  rurve.  Along  the 
vertical  axis  is  plotted  the  pcrreniagc  saturation  of  the  haemoglobin  with  oxygen. 
Thus,  on  t^xpiAurr  to  an  atmosphere  in  which  uxyfieu  existed  to  the  extent  of 
I  per  cent.,  corresponding  to  a  partial  prcssinr  of  7-6  mm.  of  mercury,  the  bi^mO' 
Klobin  took  up  about  75  per  cent-  of  the  amount  of  oxygen  required  to  saturate 
it.  When  the  oxygen  was  present  in  the  atmospherr  to  the  amount  of  alnint  10  per 
cent.,  corresponding  to  a  partial  pressiu-e  of  7ft  mm.  of  mercury,  the  quantity 
taken  up  by  the  hemoglobin  was  about  96  per  cent,  of  that  required  for  saturation. 

The  higher  the  tcmj^eraturc  of  the  hamoglohin  is,  the  greater  will 
be  the  average  velocity  of  the  molecules,  and  the  greater  the  chance 
of  escape  of  molecules  of  oxygen.  The  '  dissociation  tension  '  of  oxy- 
hsemoglobin,  or  the  partial  pressure  of  oxygen  at  which  the  oxyhaemo- 
globin  begins  to  lose  more  oxygen  than  it  gains,  is  increased  by  raising 
the  temperature.  The  curve  of  dissociation  of  ox y haemoglobin  at  a 
temperature  of  35"  C.  is  shown  in  Fig.  95. 

The  Carbon  Dioxide  of  the  Blood. — Blood  freed  from  gas 
absorbs  carbon  dioxide  partly  in  proportion  to  the  pressure. 
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and  in  paxt  independently  of  it.  Some  of  the  carbon  dioxide 
must  therefore  be  simply  dissolved ;  some,  and  this  the  greater 
portion,  is  chemically  combined.  Tlie  serum  contains  a  larger 
percentage  of  carlxin  dioxide  than  the  clot,  but  this  percentage 
is  not  great  enough  to  allow  us  to  assume  that  the  whole  of  the 
carbon  dioxide  is  confined  to  the  serum.  About  a  third  of  it 
belongs  to  the  corpuscles. 

In  the  serum  the  combined  carlxin  dioxide  exists  chiefly  as 
carbonate  and  bicarlxinate  of  sodium,  the  relative  amount  of 
each  depending  on  the  quantity  of  carlxjn  dioxide  and  of  other 
acids,  such  as  phosphoric  acid,  which  dispute  with  it  the  i>osse5- 
sion  of  the  l>ascs.  That  its  relations  are  })eculiar,  however,  is 
shown  by  the  fact  that  from  defibrinated  blood  the  whole  of  the 
carbon  dioxide  can  in  time  be  pumped  out  without  the  addition 
of  an  acid  to  displace  it  from  the  bases  with  which  it  is  combined. 
It  is  hardly  necessary  to  say  that  this  could  not  be  done  with  a 
solution  of  sodium  carbonate.  Yet  when  sodium  carbonate  is 
added  to  blood,  even  in  considerable  amount,  all  the  carbon 
dioxide  in  it  can  be  obtained  by  the  pumj).  From  serum  a  great 
deal,  but  not  the  whole,  of  the  carbon  dioxide  can  be  likewise 
pumjxid  out.  The  residue  is  set  free  on  the  addition  of  an 
acid,  tf.g.,  phosphoric  acid. 

The  most  satisfactory  explanation  seems  to  be  that  in  the  serum 
here  exist  sulwtanccs  which  can  act  as  weak  acids  in  gradually 
driving  out  tlie  carbon  dioxide,  when  its  esaijw  is  rendered  easier 
by  the  vacuvim,  but  which,  nevertheless,  do  not  affect  litmus  pajjer 
(since  the  reaction  of  serum  is  alkaUne).  The  quantit>^  of  these, 
however,  is  so  small  that  a  portion  of  the  carbon  dioxide  remains 
in  the  serum.  The  i)roteids  of  the  serum,  such  as  serum-globulin, 
behave  in  certam  res{)ects  like  weak  acids,  and  may  contribute  to 
the  driving  out  of  the  carbon  dioxide.  When  defibrinated  blood 
is  pumped  out,  the  whole  of  the  carbon  dioxide  can  be  remo\-ed, 
apparently  t>ecause  substances  of  an  add  nature  pass  from  the 
corpuscles  into  the  ferum  and  help  to  break  up  the  carbonates. 

In  the  red  corpuscles  a  portion  of  the  carbon  dioxide  is  in 
combination  with  alkalies.  We  know  that  the  corpuscles  ctmtain 
alkalies,  for  potassium  has  been  demonstrated  microchemically 
in  frog's  erythrocytes  (Macallum)  {Plate  I.),  and  the  alkalinity  of 
'  laked '  blood  (pp.  iq,  21),  in  which  the  red  coqiuscles  have  been 
broken  up,  is  found  to  be  greater  than  that  of  unlaked  blood, 
unless  a  long  time  is  allowed  in  the  case  of  the  latter  for  the  alkalies 
of  the  corpuscles  to  reach  the  acid  used  in  titration.  Some  ob- 
servers t>elieve  that  a  weak  compound  of  carbon  dioxide  can  be 
formed  with  haemoglobin  ;  for  a  solution  of  haemoglobin  absorbs 
more  of  this  gas  than  water,  and  the  quantity  absorl)ed  is  not  pro- 
portional to  the  pressure.  The  hiemoglobin  of  the  coq)uscles  may 
therefore  hold  a  portion  of  tlie  carbon  dioxide  in  combination. 
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When  blood  is  saturated  with  carbon  dioxide  and  then  separated 
into  serum  ;ind  clot,  the  serum  is  found  to  yield  more  gas  tlian  tlie 
clot ;  but  if  the  serum  and  clot  are  separately  saturated,  the  latter 
takes  up  more  carbon  dioxide  than  the  former.  From  this  it  is 
argued  that  a  substance  combined  with  carbon  dioxide  must  in 
blood  saturated  with,  the  gas  pass  out  of  the  corpuscles  into  the 
serum.  This  cannot  be  haemoglobin,  for  it  remains  in  the  cor- 
puscles, but  it  may  very  well  be  an  alkali,  combined  wnth  the  carbon 
dioxide  and  thus  set  free  from  it,s  connection  with  the  haemoglobin. 
And,  iS  a  matter  of  fact,  under  the  circumstances  described,  it  has 
been  found  tliat  alkalies  do  pass  from  the  clot  into  the  serum,  and 
chlorine  from  the  serum  into  the  corpuscles,  which  at  the  same 
time  gain  water  and  become  larger.  Ihc  molecular  concentration 
(p*  350  ^^  ^b<^  serum  of  dcfibrinatcd  blood,  as  measured  by  the 
lowering  of  the  freezing-point,  increases  when  it  is  saturated  with 
carbon  dioxide.  On  the  other  hand,  when  blood  is  saturated  with 
oxygen,  alkalies  pass  out  of  the  serum  into  the  corpuscles,  which 
at  the  same  time  lose  water  and  shrink  in  volume,  while  the  mole- 
cular concentration  of  the  serum  is  diminished.  Hamburger  has 
extended  these  observations  to  the  circulating  blood,  and  has  shown 
that  the  plasma  of  venous  blood  has  a  higher  percentage  ol  alkali, 
proteid,  sugar,  and  fat  than  the  plasma  of  arterial  blood,  and  tliat 
the  corpuscles  have  a  greater  voIutuc,  though  not  a  greater  diameter. 
We  may,  therefore,  suppose  that  in  the  pulmonarj'  capillancs,  under 
the  influence  of  oxygen,  water  passes  into  the  plasma  from  the  cor- 
puscles. In  the  systemic  capillaries  the  blood  becomes  loaded  with 
carbon  dioxide,  and  therefore  the  corpuscles  take  up  water  from 
the  plasma,  which  accordingly  has  a  more  concentrated  supply  of 
food  substances  to  offer  to  the  tissues  than  the  ]ilasma  of  arterial 
blood  itself.  Some  writers  see  in  this  interchange  an  automatic 
arrangement  by  which  oxidation  is  favoured.  Whatever  may  t>e 
thought  of  this  view — and  objections  to  it  are  not  wanting — the 
current  theory,  that  the  corpuscles  are  simply  passive  carriers  of 
oxygen,  and  exercise  no  further  influence  on  the  plasma,  breaks 
dow-n  in  face  of  the  facts.  We  must  admit  that  an  active  and 
many-sided  commerce  exists  between  them  and  the  liquid  in  which 
they  float. 

The  nitrogen  of  the  blood  is  simply  absorbed. 

The  Tension  of  the  Blood-gases. — If  the  gases  of  the  blood 
existed  in  simple  solution,  their  tension  or  partial  pressure  could 
be  deduced  from  the  amount  dissolved  and  the  co-efficient  of 
absorj>tion.  Since  they  are  chemically  combined,  it  is  necessary 
to  determine  it  directly. 

This  has  been  done  by  means  of  an  apparatus  called  the  aerotono- 
meter.  The  blood  is  made  to  pass  directly  from  the  vessel  to  glass 
tubes,  which  it  traverses  at  the  same  time,  the  stream  being  divided 
between  them  ;  it  then  passes  out  again.  The  tubes  arc  warmed 
by  means  of  a  water-jacket  to  the  body-temi>crature.  Some  of  them 
arc  filled  with  gaseous  mixtures  having  a  greater,  and  the  others  with 
mixtures  havin;;  a  smaller,  j>artial  pressure,  say  of  cjvrbon  dioxide, 
than  is  expected  to  be  found  in  the  blood.  As  the  latter  runs  in  a 
thin  sheet  over  the  walls  of  the  tubus,  it  loses  carbon  dioxide  to  some 
I  and  takes  up  carbon  dioxide  from  others.  From  the  altera- 
gportion  of  the  carbon   dioxide  in   the  tubes,  it  is 
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ty  to  calculate  the  partial  pressure  of  that  gas  in  the  blood  :  that 
is,  the  partial  pressure  which  it  would  be  necessary  to  have  in  the 
tubes  in  order  that  the  blood  might  pass  through  them  without 
,losing  or  gaining  carbou  dioxide  (p.  219). 

The  pressure  of  oxygen  in  arterial  blood  was  ^iven  by 
Strassburg  as  about  30  mm.  of  mercury  in  the  dog  (corresponding 
to  the  partial  pressure  of  oxygen  in  a  gaseous  mixture  at  atmo- 
spheric pressure  when  4  per  cent,  of  it  is  present),  and  in  venous 
blood  as  something  like  20  mm.  If  we  were  to  accept  the 
exj»eriments  of  Bohr,  made  by  means  of  a  special  form  of  aero- 
tonometer  constructed  and  worked  much  in  the  same  way  as 
Ludwig's  stromuhr  (p.  98),  and  inserted  into  the  course  of  a 
bloodvessel,  it  would  be  necessary  to  treble  or  quadniple  these 
numbers. 

The  pressure  of  carbon  dioxide  in  arterial  blood  we  may  take 
at  10  to  40  mm.,  in  venous  blood  at  30  to  50  mm.,  according  to 
the  results  of  different  observers. 

Whenever  the  venous  blood  has  to  pass  through  a  region  in 
which  the  pressure  of  carbon  dioxide  is  kept  lower  than  in  itself, 
it  will  begin  to  lose  carbon  dioxide  by  diffusion.  If  the  pressure 
of  oxygen  in  this  region  is  al  the  same  time  higher  than  in  the 
venous  blood,  some  of  it  will  be  taken  up.  And  to  bring  about 
these  results  no  jK-culiar  '  vital '  force  need  be  invoked  ;  ordinary 
physical  processes  will,  under  the  assumed  conditions,  be  alone 
required. 

Now.  we  know  that  in  the  Ixmgs  carbon  dioxide  is  given  ofif 
from  the  blood,  and  oxygen  taken  up  by  it.  We  have,  therefore, 
to  inquire  what  the  partial  pressures  of  these  gases  are  in  the 
alveoli,  and  whether  they  are  so  related  to  the  corresponding 
partial  pressures  in  the  blood  that  a  simple  process  of  dissociatioa 
and  diffusion  will  be  sufficient  to  explain  pulmonary  respiration. 

The  jjercentage  of  carlxm  dioxide  in  expired  air  cannot  tell  us 
the  pressure  of  that  gas  m  the  alveoli,  for  the  air  in  the  upper 
part  of  the  respiratory'  tract  is  necessarily  expelled  along  with 
the  alveolar  air,  and  dilutes  the  carbon  dioxide  in  it.  But  by 
taking  the  mean  of  the  carbon  dioxide  i>erccntages  in  the  air  of 
two  deep  expirations,  one  following  an  ordinary  inspiration  and 
the  other  following  an  ordinary  expiration,  we  can  arrive  at  the 
mean  percentage  in  the  alveoli.  This  quantity,  while,  as  already 
remarked,  very  constant  in  a  given  individual,  varies  in  different 
men  from  4b  to  6-2  (mean  5-5)  jier  cent,  of  the  dry  alveolar  air. 
In  women  and  in  children  of  both  sexes  it  is  less  thaui  in  men. 
From  this  we  conclude  that  in  men  the  partial  |>rcssure  of 
carbon  dioxide  in  the  alveoli  may  be  at  least  one-eighteenth  of 
an  atmosphere,  or  42  mm.  of  mercury  (Fitzgerald  and  Haldane). 
In  animals,  samples  of  the  alveolar  air  have  been  drawn  off 
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directly  by  means  of  a  pulmonary  catheter.  This  consists  of  two 
tubes,  one  within  the  other.  The  inner  tube,  which  is  a  fine 
elastic  catheter,  projects  free  from  the  other  for  a  little  distance 
at  its  lower  end.  The  outer  tube  terminates  in  an  indiarubber 
ball,  which  can  be  inflated  so  as  to  block  the  bronchus  into  which 
it  is  passed,  and  cut  off  the  corresponding  portion  of  the  lung 
from  communication  with  the  outer  air.  A  sample  of  the  air 
below  the  block  can  be  drawn  off  through  the  inner  tube.  In 
this  way  the  proportion  of  carbon  dioxide  in  the  alveoli  of  the  dog 
was  found  to  be  only  about  3*8  per  cent.,  corresponding  to  a 
partial  pressure  of  about  29  mm.  of  mercury.  But  this  would  be 
undoubtedly  too  high,  owing  to  the  impossibility  of  interchange 
with  the  external  atmosphere,  and  would  represent  the  partial 
pressure  of  the  carbon  dioxide  in  the  blood  rather  than  in  the 
alveolar  air  imder  normal  conditions.  For  gaseous  equilibrium 
is  soon  established  between  blood  and  air  separated  only  by  a 
thin  membrane  like  the  alveolar  wall. 

In  Bohr's  experiments,  in  some  of  which  the  animals  were 
made  to  breathe  air  containing  carbon  dioxide  in  various  pro- 
portions, the  tension  of  that  gas  in  the  air  of  the  lungs  varied 
from  5'8  to  34*6  mm.  of  mercury,  while  in  arterial  blood,  taken 
at  the  same  time,  it  usually  ranged  from  10  to  38  mm.,  and  was 
often  less  than  in  the  alveolar  air. 

If  we  accept  these  results,  we  seem  shut  up  to  the  conclusion 
that  carbon  dioxide  does  not  pass  through  the  walls  of  the 
alveoli  solely  by  diffusion.  And  although  Bohr's  experiments 
have  been  severely  criticised,  it  does  not  seem  improbable  in 
itself  that  the  physical  process  of  diffusion,  which  undoubtedly 
plays  a  great  part,  is  aided  by  some  other  process,  which  may 
provisionally  be  termed  secretion.  It  is  jx>ssible,  too,  that  when 
the  conditions  are  especially  unfavourable  to  diffusion — when, 
for  instance,  the  partial  pressure  of  carbon  dioxide  is  artificially 
increased  in  the  alveoli — the  cells  which  line  them  are  stimulated 
to  increased  activity. 

As  to  the  oxygen,  we  are  in  the  same  position.  Its  partial 
pressure  does  not  apjjear  to  be  always  higher,  even  under 
normal  conditions,  in  the  alveoli  than  in  the  arterial  blood  as  it 
leaves  the  lungs.  Indeed,  Bohr  foxmd  that  in  the  majority  of 
his  observations  on  dogs,  the  oxygen  tension  was  distinctly 
greater  in  the  blood  than  in  the  pulmonary  air.  And  Haldane 
and  Smith,  using  a  new  method,*  have  obtained  a  value  for  the 

*  The  subject  of  the  experiment  breathes  air  containing  a  definitely 
known  very  small  percentaj^e  of  carbon  monoxide  until  the  ha'moglobin 
has  united  with  as  much  of  that  gas  as  it  will  take  up  for  the  given  con- 
centration of  it  in  the  air.  Then  the  percentage  amount  to  which  the 
haemoglobin  has  become  saturated  with  carbon  monoxide  is  determined 
in  a  sample  of  blood  taken,  say,  from  the  finger.     Now,  the  final  saturation 
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oxygen  tension  in  human  blood  (26*2  p)er  cent.,  equal  to  200  mm. 
of  mercury)  that  even  exceeds  the  partial  pressure  of  oxygen  in 
the  external  air.  and  is  about  twice  as  great  as  that  uf  the  air  of 
the  alveoli.  This  remarkable  result  cannot  be  reconciled  with 
any  purely  physical  explanation  of  the  absorption  of  oxygen. 
The  relative  excess  of  the  oxygen-tension  in  arterial  l>!or)d  over 
the  alveolar  oxygen-tension  increases  as  the  pro(>ortion  of 
oxygen  in  the  alveolar  air  is  diminished. 

Additional  evidence  in  favour  of  the  view  that  there  is, 
besides  diffusion,  an  element  of  selective  secretion  in  the  ex- 
cliange  of  gases  through  the  pulmr>nar>'  membrane  is  afforded 
by  a  study  of  the  gases  of  the  switn-bladdcr  in  fishes.  These 
consist  of  oxygen,  nitrogen,  and  usually  a  small  quantity  of 
carbon  dioxide,  but  in  very  different  proix)rtions  from  those  in 
which  they  exist  in  the  air  or  the  water.  Thus,  as  much  as  87  per 
cent,  of  oxygen  has  been  found  in  the  bladder  of  fishes  taken  at  a 
considerable  depth,  but  a  smaller  amount  in  those  caj>tured  near 
the  surface.  When  the  gas  is  withdrawn  by  puncturing  the 
bladder  with  a  trocar,  the  organ  rapidly  refills,  and  the  percentage 
of  oxygen  increases.  Fiuther,  this  prwess  of  gaseous  secretion 
is  under  the  influence  of  nerves,  for  gas  ceases  to  accumulate  in 
the  organ  when  the  branches  of  the  vagi  that  supply  it  are  cut. 
In  the  tortoise  stimulation  of  the  peripheral  end  of  the  vagus 
causes  a  fall  of  gaseous  exchange  in  the  corrcs|X)nding  lung,  with 
an  accompanying  rise  in  the  other  lung.  Tliat  this  is  not  tlie 
consequence  of  an  alteration  in  the  pulmonary'  circulation  is 
indicated  by  the  fact  that  the  change  is  greater  in  the  intake 
of  oxygen  than  in  the  output  of  carl>on  dioxide.  In  the  mammal. 
however,  no  such  effect  luis  been  clearly  demonstrated,  and  the 
decisive  proof  that  the  lungs  are  gas-secreting  glands  which 
would  be  atforded  by  the  discovery  of  secretory  nerves  is  still 
wanting. 

We  have  now  completed  the  description  of  the  phenomena 
•of  external  respiration,  with  the  discussion  of  its  central  fact, 
the  exchange  of  gases  between  the  blood  and  the  air  at  the 
surface  of  the  hmgs.  It  remams  to  trace  the  fate  of  the  absorbed 
oxygen,  and  to  determine  where  and  how  the  carbon  dioxide  arises. 

Internal  Respiration  -  Seats  of  Oxidation. —The  suggestion 
which  lies  nean-st  at  hand.  ;mfl  which,  as  a  matter  of  fact,  was 


with  cartion  monoxide  of  a  hiemoKlo)»a  solutifMi  brought  info  contact  with 

K»rH«out  mixture  containinf;  curl)on  monoicidc  and  oxvK^n.  ilepcnUa  on 
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first  put  forward,  is  that  the  oxygen  does  not  leave  the  blood 
at  all,  but  that  it  meets  with  oxidizable  substances  in  it,  and 
unites  with  their  carbon  to  form  carbon  dioxide.  While  there  is 
a  certain  amount  of  truth  in  this  view,  oxygen,  as  already 
mentioned,  being  to  some  extent  taken  up  by  freshly-shed  bloody 
and  also  by  blood  under  other  conditions,  to  oxidize  bodies, 
other  than  haemoglobin,  cither  naturally  contained  in  it  or  arti- 
ficially added,  there  is  no  doubt  that  the  cells  of  the  body  are  the 
busiest  seats  of  oxidation.  This  is  shown  by  the  presence  of 
carbon  dioxide  in  large  amount  in  l^inph  and  other  liquids 
which  are,  or  have  been,  in  intimate  relation  with  tissue  elements  ; 
by  its  presence,  also  in  considerable  amount,  in  the  tissues  them- 
selves—in muscle,  for  instance  ;  by  its  continued  and  scarcely 
lessened  ()roduction  not  only  in  a  ftog  wliose  blood  has  been 
replaced  by  physiological  salt  solution,  and  which  continues  to  live 
in  an  atmosphere  of  pure  oxygen,  but  in  excised  muscles  ;  and 
by  the  remarkable  connection  between  the  amount  of  this  pro- 
duction and  the  functional  state  of  those  tissues.  In  insects  the 
finest  twigs  ol  the  trachea:,  through  which  oxygen  passes  to  the 
tissues,  actually  end  in  the  cells  :  and  in  luminous  insects,  hke 
the  glow-worm,  it  has  been  noticed  that  the  phosphorescence, 
which  is  certainly  dependent  on  oxidation,  begins  and  is  most 
brilliant  in  those  parts  of  the  cells  of  the  light-producing  organ 
that  surroimd  the  ends  of  the  tracheal.  Microscopic  evidence 
has  been  obtained  that  the  nucleus  plays  a  predominant  part 
in  intracellular  oxi<kition  ;  tf.^.,  in  the  indophenol  {p.  234)  and 
similar  reactions  the  coloured  oxidation  products  are  deposited 
chiefly  in  and  around  the  nuclei  of  such  cells  as  liver  and  kidney 
cells  and  frog's  red  corpuscles  (Lillie). 

Lymph,  bile,  urine,  and  the  serous  fluids  contain  very  little 
oxygen,  but  so  much  carbon  dioxide  that  the  pressure  of  that 
gas  in  all  of  them  is  greater  than  in  arterial  blood,  while  in  lymph 
alone  (taken  from  the  large  thoracic  duct)  has  it  been  found  less 
than  that  of  venous  blood.  And  it  is  probable  that  lymph 
gathered  nearer  the  primary  seats  of  its  production  (the  spaces 
of  areolar  tissue)  would  show  a  higher  proportion  of  carbon 
dioxide.  Strassburg  found  that  with  a  pressure  of  carbon  dioxide 
in  the  arterial  blood  of  21  mm.  of  mercury,  the  pressure  in  bile 
was  50  mm.,  in  peritoneal  fluid  58  mm.,  in  urine  68  mm.,  in 
the  surface  of  the  empty  intestine  58  mm.  Saliva,  pancreatic 
juice,  and  milk,  also  contain  much  carbon  dioxide,  and  only  a 
little,  if  any,  oxygen. 

From  muscle  (to  facilitate  piunping,  the  muscle  is  minced, 
and  often  warmed)  no  free  oxygen  at  all  can  l>e  pumped  out, 
but  as  much  as  15  volumes  per  100  of  carbon  dioxide,  some  of 
wliich  is  free,  that  is,  is  given  up  to  the  vacuum  alone,  while 
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some  of  it  is  fixed,  and  only  comes  off  after  the  addition  of 
an  acid. 

Muscle  may  be  safely  taken  as  a  type  of  the  other  tissues  in 
regard  to  the  problems  of  internal  respiration.  It  is  instructive, 
therefore,  to  observe  that  the  great  scarcity  of  oxygen  in  the 
parenchymatoiis  liquids  which  bathe  the  tissues,  here  in  the 
tissues  themselves  deepens  into  actual  famine.  Tlie  inference 
is  plain.  The  active  tissues  are  greedy  of  oxygen  ;  as  soon  as 
it  enters  the  muscle  it  is  seized  and  '  fixed  '  in  S4)me  way  or  other. 
The  traces  of  oxygen  in  the  lymph  cannot  therefore  Ix*  journey- 
ing away  from  the  tissue  elements  ;  they  must  have  come  from 
another  source,  and  this  can  only  Iw  the  blood.  Could  we  gather 
lymph  for  analysis  directly  from  the  thin  sheets  that  he  between 
the  blood  capillaries  and  the  tissues,  we  might  find  more  oxygen 
present  as  well  as  more  carbon  dioxide.  But  if  we  did  find  more 
oxygen,  it  would  still  be  oxygen  in  transit  from  the  capillaries 
towards  places  where  the  partial  pressure  of  oxygen  is  less.  In 
the  lymph,  the  pressure  is  kept  low  by  the  avidity  of  the  tissues 
with  which  it  is  in  contact,  and  possibly  by  the  existence  in  it 
of  oxidi/able  substances  which  have  come  from  the  tissues.  In 
the  tissues  there  is  no  partial  pressure  at  all.  because  the  oxygen 
that  reaches  them  is  at  once  stowed  away  in  some  comiK)und,  in 
which  it  has  lost  the  pro|XTties  of  free  oxygen. 

Assuming,  then,  that  at  least  a  great  i>art  of  the  oxidation 
and  conseijuent  production  of  carbtm  dioxide  goes  on  in  the 
tissues,  let  us  follow  the  stci>s  of  the  process,  as  far  as  we 
can,  in  the  light  of  our  knowledge  of  the  respiration  of  muscle. 

Respiration  of  Muscle. —  It  is  a  remarkable  fact  that  an  ex- 
cised frog's  muscle  is  capable  of  gomg  on  producing  carbon 
dioxide  for  a  long  time,  m  the  entire  absence  of  oxygen,  in  a 
chamber,  for  instance,  filled  with  nitrogen  or  other  indifferent 
gas.  Not  only  so,  but  it  can  be  made  to  contract  many  times 
in  this  oxygen-free  atmosphere.  In  mammals  the  muscles  can 
also  be  made  to  contract  re^>eatedly  when  the  dissociable  oxygen 
has,  as  far  as  possible,  l>een  got  rid  of  from  the  blood  by  asphyxiat- 
ing the  animal,  and  to  produce  a  corresiwDndingjly  large  quantity 
of  carbon  dioxide,  although  they  lose  their  contractility  much 
more  rapidly  than  the  muscles  of  the  frog.  This  leads  us  to 
the  important  conclusion  that  the  carbon  dioxide  does  not 
arise,  so  to  speak,  on  the  sjxjt.  from  the  immediate  union  of 
carbon  and  oxygen.  Oxygen  is  essential  to  muscular  life  and 
action.  But  a  stock  of  it  is  apparently  taken  up  by  the  muscle, 
and  stored  in  some  coni|>ound  or  comi>ounds  which  are  broken 
down  during  muscular  contraction,  and  more  slowly  during  rest, 
carbon  dioxide  in  both  cases  being  one  of  the  end  products, 
it    is    possible    that    there    is   an    ascendmg    series   of   bodies 
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through    which    oxygen    passes    up,    and    a   descending   series 
through  which  it  passes  down,  before  the  final  stage  is  reached. 
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When  muscle  goes  into  rigor  (p.  589) — and  this  is  n:ost  strik- 
ingly seen  when  the  rigor  is  caused  by  raising  the  temperature 
of  frog's  muscle  to  about  40**  or  41**  C. — there  is  a  sudden  in- 


RESPIRATION 


*33 


crease  in  the  quantity  of  carbon  dioxide  given  off.  Moreover, 
in  an  isolated  muscle  the  total  quantity  of  carbon  dioxide  obtain- 
able during  rigor  is  markedly  less  if  the  muscle  has  l>een  pre- 
viously tetanized.  From  this  it  has  been  argued  that  the  hypo- 
thetical substance  (inogen),  the  decomj>osition  of  which  yields 
carbon  dioxide  in  contraction,  is  also  the  substance  which  de* 
composes  so  rapidly  in  rigor  ;  that  a  given  amount  of  it  exists 
in  the  muscle  at  the  time  it  is  removed  from  the  influence  of 
the  blood  ;  and  that  this  can  all  explode  either  in  contraction 
or  in  rigor,  or  partly  in  the  one  and  partly  in  the  other.  Accord- 
ing to  Fletcher,  there  is  no  increase  in  the  amount  of  carbon 
dioxide  given  off  during  tetanus  l»y  an  excised  frog^s  muscle  unless 
the  stimulation  is  st3  severe  and  prolonged  as  to  hasten  the 
onset  of  rigor.  He  therefore  supix>ses  that  in  the  contraction 
the  decomposition  does  not  proceed  quite  to  the  formation  of 
carbon  dioxide,  which  in  the  intact  body  is  afterwards  lil)erated 
from  some  more  complex  carbon-containing  waste-product. 

The  respiration  of  muscles  in  situ  can  be  studied  by  collecting 
samples  of  the  blood  commg  to  and  leaving  them  and  analyzing 
the  gases.  The  mere  chfforencx*  of  colour  between  the  venous 
and  arterial  blood  of  a  muscle,  or  other  active  organ,  is 
sufficient  to  show  that  oxygen  is  taken  up  and  carbon  dioxide 
given  out  by  it  to  the  blood.  This  is  the  case  in  muscles  at 
rest,  and  even  in  muscles  with  artificial  circulation  after  they 
have  become  inexcitable.  In  active  muscles  more  oxygen  is  used 
up  and  more  carlx)n  dioxide  produced  than  in  tlie  resting  state. 
Chauveau  and  Kaufmann.  in  their  cxj^eriments  on  one  of  the 
muscles  used  by  the  horse  in  /ceding,  found  that  the  consump- 
tion of  oxygen  and  the  production  of  carbon  dioxide  might  be 
three  times  as  great  in  activity  as  in  rest. 

In  the  submaxillary  salivary  gland  there  was  also  an  increase 
of  carbon  dioxide  dm-ing  activity,  but  not  proiK)rtionally  so 
great  as  in  muscle.  In  the  active  brain  it  is  not  easy  to  demon- 
strate any  increase  at  all  (HiU). 

When  blood  is  artificially  circulated  through  isolated  mam- 
malian muscles  (hind-limbs  of  dog),  e.g..  by  means  of  the  ap]>aratus 
shown  in  Fig.  0,  the  respiratory  quotient,  as  has  l>een  said, 
increases  when  the  temperature  is  reduced.  As  the  temperature 
is  raised,  the  opjwsite  effect  is  observed.  Stimulation  of  the 
muscle  causes  a  rise  in  both  oxygen  consumption  and  carbon 
dioxide  production,  but  projx>rtionally  more  in  the  former,  and 
the  respiratory  quotient  diminishes.  When  the  excised  muscle 
begins  to  deteriorate  in  the  course  of  some  hours,  the  consump- 
tion of  oxygen  falls  off  more  quickly  than  the  production  of 
carbon  dioxide. 

All  this  goes  to  show  that  the  two  processes  are  to  a  great 
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extent  independent  of  each  other.  At  the  higher  temperatures, 
during  muscular  contraction,  and  when  the  vitality  o(  the  muscle 
is  still  but  little  impaired,  the  conditions  are  relatively  favour- 
able to  the  chemical  changes  in  which  oxygen  is  combined. 
Low  temperature,  rest,  and  diminished  vitality,  are  relatively 
favourable  to  the  splitting  up  of  substances  that  yield  carbon 
dioxide.  But  it  must  be  remembered  that  in  the  intact  organism 
the  conditions  are  different. 

Nature  of  the  Oxidative  Process. — When  we  have  recognised 
the  cells  as  the  seat  of  oxidation,  the  quc-stion  immediately 
presents  itself.  How  do  they  accomplish  the  feat  of  burning  such 
masses  of  food  substances  as  can  only  be  rapidly  oxidized  in  the 
laboratory  at  the  temperatiu-e  of  the  body  by  the  most  energetic 
chemical  reagents  ?  The  researches  of  late  years  have  furnished 
a  key  to  the  solution  of  tliis  long-standing  puzzle  by  demonstrat- 
ing the  existence  in  the  tissues  of  oxidizing  fennents  or  oxy- 
dases. Of  these,  the  most  widely  distributed  is  a  ferment  which 
splits  off  oxygen  from  hydrogen  peroxide.  It  is  found  in  prac- 
tically all  the  tissues  of  the  body,  as  well  as  in  vegetable  cells, 
and  we  have  already  seen  an  instance  of  its  action  in  connection 
with  the  oxidation  of  the  guaiaconic  acid  in  tincture  of  guaiacum 
by  blood  in  the  presence  of  the  peroxide  (p.  58J.  As  regards  the 
activity  of  this  ferment,  blood  comes  first ;  then  follow  spleen, 
liver,  pancreas,  thymus,  brain,  muscle,  and  ovary.  It  is  present  in 
the  blood-free  organs  as  well  as  in  the  blood.  Some  tissues,  both 
animal  and  vegetable,  contain  a  ferment  which  causes  the  oxida- 
tion of  guaiaconic  acid  in  the  presence  of  atmo<^pheric  oxygen, 
and  these  do  not  need  peroxide  of  hydrogen  in  order  to  render 
guaiacum  blue.  An  allied  ferment  which  also  induces  the  blue 
colour  in  tincture  of  guaiacum  is  the  so-called  laccase  found  in 
the  most  active  form  in  the  latex  of  the  tree  from  which  Japanese 
lacquer  is  obtained,  but  alsti  in  many  other  plants.  Another 
well-known  oxidizing  ferment  in  fresh  animal  tissues  is  charac- 
terized by  the  property  of  forming  indophenol  by  oxidation  in 
an  alkaline  solution  of  paraphenylenediamin  and  a-naphthol, 
and  may  therefore  be  termed  indophenyloxydase.  The  colour- 
less solution  becomes  reddish  or  violet.  This  ferment  is  con- 
tained in  pancreas,  salivary  glands,  spleen,  thymus,  and  bone- 
marrow,  but  has  not  been  detected  in  mtiscle,  lungs,  brain, 
kidneys*  and  other  organs.  Finally,  we  may  mention  a  ferment 
which  favours  the  oxidation  of  aldehydes  to  the  rorre-sponding 
acids,  and  is  appropriately  named  aldehydase.  Evidence  of  its 
presence  in  most  organs  has  been  obtained,  but  it  seems  to  be 
absent  from  muscle,  pancreas,  bone-marrow,  and  mammary 
glands.  It  is  to  be  expected  that  other  oxydases  capable  of 
favouring  oxidation  of  specific  kinds  of  food  substances  or  their 
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^V  decomposition  products  will  be 
F        to  conclude  Uiat  this  is  the  onl 
^_    can  bring  about  the  rapid  oxid 
^H   feature  of  its  activity. 
^^       The  Influence  of  Respirati 
1         have  already  stated,  in  treating 
1         that  a  normal  tracing  shows  a  s 
^^    the  respiratory  movements. 
^k       When  the  respiratory  moven 
^H  with,  and  immediately  below  t 
^H  although  the  mean  blood-pres< 
^^    the  beginning  of  inspiration,  it 
1^        begins  to  rise,  and  continues  ri; 
^H  At  the  commencement  of  expin 
^H  reaches  its  maximum,  begins  to 
^H  the    remainder   of    the    ex- 
^H  piratory  phase. 
^H      A  satisfactory  explanation 
^^   is   afforded   by  a  considera- 
■         tion      of     the      mechanical 
j        changes    produced     in     the 
^—^  thorax    by    the    respiratory 
^B  movements.    Of   these^    the 
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discovered,  but  it  would  be  rash 
y  way  in  which  living  i)rotop]asm 
ation  which  is  so  characteristic  a 

on  on  the  Blood-pressure. — We 

^  of  arterial  blood- pressure  (p.  90), 
.eries  of  waves  corresponding  with 

lents  are  recorded  simultaneously 
lie  pressure  ciu^'e,  it  is  seen  that, 
lUre  is  falling  for  a  short  time  at 
soon  reaches  its  minimum,  then 
>mg  during  the  rest  of  this  j^eriod. 
ition  it  IS  stilljmounting,  but  soon 
fall,  and  continues  falling  through 

^1 

^^  variations     in      the     intra- 
thoracic    pressiu'e     arc     of 
special      importance.       The 
^^   changes    of   vascular   resisl- 
^H  ance    in    the    lungs,   due   to 
^H  tbe   alteration  in    the  calibre 
^H  contribute. 

^^       The  intrathoracic  pressure.  \ 
1         less  than  that  of  the  atmospht 
1         tion  when  the  free  escape  of 
^^  diminishes  in  inspiration  and  ir 
^H  veins  outside  the  chest,  the  jugi 
^*  are  under  the  atmospheric  pres 
through  their  thin  walls,  while 
under  a  smaller  prcssiire.     Tht 
and  expiration  will,  therefore, 
auricle.     In  inspiration  the  ve 
^  the  pressure  in  the  thorax  is 
^B  more  venous  blood  will  pass  ir 
^^  tion  than  during  expiration. 
1         general  working  as  hard  a5  it 
1          of  blood  wliicli  reaches  it  dur 
^^  into  the  lungs,  although  not  e^ 

Fig.  97. 

The  upper  tracing  shows  tbe  rfsplralory 
movements  in  a  rabbit  ;  the  lower  tracing 
is  the  blood-prcuure  curve;   1,   inspira- 
tion ;  E,  expiration,  including  the  pause. 

of  the  pulmonary  vessels,    also 

vhich,  as  we  have  seen,  is  always 
re,  unless  during  a  forced  expira- 
air  from  the  lungs  is  obstructed, 
icreases  in  expiration.     The  great 
dar  veins  in  the  neck,  for  example, 
sure,  which  is  readily  transmitted 
the  heart  and  thoracic  veins  are 
venous  blood  both  in  inspiration 
tend  to  be  drawn  into  the  right 
nous  (low  will  Ik'  increased,  since 
diminLshcd  ;  and  uj>on  the  whole 
ito  the  right  heart  during  inspira- 
Now,  the  right  ventricle  is  not  in 
can  work.     Therefore^  the  excess 
ing  an  inspiration  is  at  once  seni 
vexi  the  brst  of  it  can  have  passed 
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through  to  the  left  side  of  the  heart  at  the  end  of  the  inspiration, 
since  the  pulmonary'  circulation-time  (four  to  five  seconds  in  a 
small  dog,  two  to  three  seconds  in  a  rabbit)  is  longer  than  the 
time  of  a  complete  inspiration  at  any  ordinary  rate.  The  in- 
crease in  the  quantity  of  blood  pumped  into  the  pulmonary 
artery  will,  if  not  counteracted  by  other  circumstances,  tend  to 
raise  the  blood-prcssurc  in  the  artery  and  its  branches,  and 
therefore  at  once  to  accelerate  the  outflow  through  the  pul- 
monary veins.  This  will  be  greatly  aided  if  at  the  same  time 
tlie  vascular  resistance  in  the  lungs  is  reduced,  as  is  known  to 
be  the  case.  The  left  ventricle,  like  the  right,  is  capable  of  dis- 
charging more  blood  than  it  ordinarily  receives.  The  excess  of 
blood  coming  to  it  is  easily  and  promptly  ejected.  The  systemic 
arteries  are  better  filled  and  the  arterial  pressure  rises. 

In  expiration  the  contrary  will  happen.  The  return  of  blood 
to  the  thorax  will  bt.-  checked.  This  is  well  shown  by  the  swelling 
of  the  veins  at  the  root  of  the  neck  in  expiration,  their  shrinking 
in  inspiration,  the  so-called  respiratory  venous  pulse.  Less 
bloo<l  i>eing  drawn  into  the  right  heart,  less  will  be  pumped  into 
the  pulmonary  artery,  in  which  the  pressure  will,  of  course,  fall. 
The  outflow  into  the  left  auricle  will  thus  be  diminished — all 
the  more  as  in  the  expiratory  phase  the  vascular  resistance  in 
the  lungs  is  increased — and  the  systemic  arterial  pressure  will 
be  lowered.  Now,  this  is  just  what  is  seen  on  the  blood- pressure 
curve,  except  that  in  both  cases  the  change  is  somewhat  belated, 
and  does  not  coincide  exactly  with  the  commencement  of  the 
inspiration  or  the  expiration.  This  flclay  may  he  ex]>lained  on 
several  grounds.  First,  we  cannot  ex])ect  the  curve  of  jiressure 
to  alter  its  course  quite  suddenly,  at  the  very  moment  when  the 
respiration  changes  its  phase  ;  for  the  change  in  the  blood-flow 
through  the  lungs  must  require  time  to  establish  itself,  in  the 
face  of  the  r>ppositc  tendency  to  which  it  succeeds.  The  same 
is  tnie  of  the  systemic  arteries,  in  which  at  the  end  of  expira- 
tion the  movements  of  the  blood  associated  with  the  falling 
pressure  are  going  on.  It  is  impossible  that  these  movements 
can  be  checked  at  once  ;  inertia  must  carry  them  on  into  inspira- 
tion. 

The  negative  pressure  of  the  thorax  acts  also  on  the  aorta, 
although,  on  account  of  the  greater  thickness  of  its  walls,  to  a 
much  smaller  extent  than  on  the  thoracic  veins.  Ihe  diminu- 
tion of  pressure  in  inspiration  tends  to  expand  the  thoraci<'  aorta, 
and  to  draw  bUKxl  back  out  of  the  systemic  arteries,  while  ex- 
piration has  the  op|x>site  effect.  .\nd  although  the  hindrance 
caused  in  tins  way  to  the  flow  tjt  blood  into  the  arteries  during 
inspiration,  and  the  acceleration  of  the  flow  during  expiration, 
cannot  be  great,  the  tendency  will  be  to  dinuniah  the  pressure 
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in  the  one  phase  and  increase  it  in  the  other.  As  soon  as  the 
changes  of  ]>ressure  produced  by  alterations  in  the  flow  of 
venoxis  blood  into  the  chest  and  through  the  lungs  are  thoroughly 
established,  the  slight  arterial  effect  will  he.  overborne  ;  but 
before  this  hapixiis,  that  is,  at  the  lieginning  of  inspiration  and 
expiration,  it  will  be  in  evidence,  and  will  help  to  delay  the  main 
change. 

Another  factor  in  this  delay  is  found  in  the  changas  of  vascTiIar 
resistance  and  capacity  which  take  place  in  the  lungs  when  they 
pass  from  the  expanded  to  the  collapsed  condition.  The  ex- 
pansion of  the  lungs  in  natural  respiration  causes  a  widening 
of  the  pulmonary  capillaries,  with  a  consequent  increase  of  their 
rapacity  and  diminution  of  their  resistance.  When  the  vessels 
at  the  base  of  the  heart  are  ligatured  either  at  the  height  of 
inspiration  or  the  end  of  expiration,  so  as  to  obtain  the  whole 
of  the  blood  in  the  lungs,  it  is  found  that  they  invariably  contain 
more  blood  in  inspiration  than  in  expiration.  During  inspira- 
tion, as  wc  have  seen,  the  right  ventricle  is  sending  an  increased 
supply  of  blood  into  the  pulmonary  artery  ;  but  before  any  in- 
crease in  the  outflow  through  the  pulmonary  veins  can  take 
place,  the  vessels  of  the  lung  must  be  filled  to  their  new  capacity. 
The  first  effect,  then,  of  the  lessened  vascular  resistance  of  the 
lungs  in  inspiration  is  a  temporary  falling  off  in  the  outflow 
through  tlie  aorta,  and  therefore  a  temporary  fall  of  arterial 
pressure.  As  soon  as  a  more  copious  stream  iKgins  to  flow 
through  the  lungs,  this  is  succeeded  by  a  rise.  In  like  manner 
the  first  effect  of  exjjiration,  which  increases  the  resistance  and 
diminishes  the  capacity  of  the  pulmonary  vessels,  is  to  force 
out  of  the  lungs  into  the  left  auricle  the  blood  for  which  there 
is  no  room.  This  caiises  a  temporary  rise  of  arterial  blood- 
pressure,  succeeded  by  a  fall  as  soon  as  the  lessened  blood-flow 
through  the  Imigs  is  established. 


In  artificial  respiration  oscillations  of  blood-pressure,  synchronous 
with  the  movements  of  the  Iung3,  are  also  seen,  even  when  the  thorax 
13  ojwned.  In  the  latter  case  there  arc,  of  course,  no  variations  of 
intnithoracic  pressure,  iind  the  oscillationft  must  be  connected  with 
the  changes  in  the  pulmonary*  circulation.  The  respiratory  waves 
follow  on  the  whole  an  opposite  course  from  those  in  natural  breath- 
ing, as  might  be  ex{>cctcd  from  the  mechanical  con<litions.  During 
inspiration  (ioflation)  there  is  first  a  small  rise  and  then  a  large  fiill 
of  pressure.  In  expiration  (collapse)  there  is  first  a  slight  fall  and 
then  a  ^rcat  rise.  The  meaning  of  this  is  clearly  seen  when  artificial 
respiration  is  stopped  at  the  height  of  inflation  (Fig.  q.S).  The 
artcriid-blood  pressure  then  falls  rapidly,  and  continues  low  until 
the  stock  of  oxygen  is  exhausted  and  the  rise  of  asphyxia  begins. 
When  the  respiration  is  stopped  in  coUaj)Sc,  instead  of  a  fall  a  steady 
rise  of  pressure  occurs  (as  in  Fig.  ^^2.  p.  i ;  ^).  This  ullimatelv  merges 
in  the  elevation  due  to  asphyxia,  which  shows  itself  sooner  than 
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ia  inflation,  since  the  lungs  contain  less  air.  The  difference  m  the 
course  of  the  blood-pressure  curve  in  the  two  cases  immediately 
after  stoppage  of  respiration  cannnt,  however,  depend  on  this  latter 
circumstance.  It  is  undoubtedly  due  to  the  fact  that  in  artificial 
inflation  the  vascular  capacity  of  the  lun^s  is  less  and  the  resistance 
greater  than  in  col!ap3e.  When  the  tracheal  cannula  is  closed  in 
natural  respiration,  uo  initial  fall  of  pressure  takes  place  (Fig.  99). 


Rabbit. 

Artificial  rfsplration  stopped  in  inflation  at  i.  Interval  between  2  and  3  (not 
reproduced)  $1  seconds,  during  which  the  curve  was  almost  a  straight  line.  Time 
tracing  shows  seconds. 

Besides  the  mechanical  effects  of  the  respiratory  movements 
on  the  circulation,  it  may  be  influenced  by  changes  in  the  cardio- 
inhibitory  and  vaso-motor  centres  synclironous  with  the  rhythm 
of  the  respiratory  centre.    In  many  animals  (the  dog.  for  instance) 


Fic.  <}<). — Blood-presslke   Tkaci.m;  :    Rabbit.   UNorR  Chloral. 

Natural  respiratioa  stopped  at  I  in  inspiratioo,  at  E  in  expiration.  The  mean 
Uood-prcsstirc  is  scarcdjr  altered  ;  but  the  respiratory  waves  become  much  larger 
owing  to  the  abortive  efforts  at  breathing.     Time  tracing  shows  seconds. 

and  in  nian,  it  can  \ye  very  easily  made  out  that  the  rate  of  the 
heart  is  greater  during  inspiration,  especially  towards  its  end, 
than  in  expiration.  The  phenomenon  is  especially  distinct  in 
and  slow  respiration.     It  is  caused  by  a  rhythmical  rise  and 
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fall  in  the  activity  of  the  cardio-inhibitory  centre,  synchronous 
with  the  respiratory  movements,  for  the  difference  disappears 
after  division  o(  both  vagi.  The  rise  of  blood-pressure  during 
the  latter  part  of  inspiration  is  not  due  in  any  great  degree  to 
the  increased  rate  of  the  heart,  lor  the  respiratory  oscillations 
persist  after  section  of  the  vagi,  and  they  are  seen  in  animals 
like  the  rabbit,  in  which  in  ordinary  breathing  little  or  no  varia- 
tion in  the  rate  of  the  heart  is  connected  with  the  phases  of 
respiration. 

The  most  probable  explanation  is  that  the  respiratory  centre, 
when  it  is  discharging  itself  in  inspiration,  sends  out  impulses 
as  a  sort  of  overflow  along  fibres  connecting  it  with  the  cardio- 
inhibitory  centre.  These  increase  the  tone  of  that  centre,  but, 
owing  to  the  long  latent  [>eriod  of  the  cardio-inhibitory  apparatus, 
the  inhibition  does  not  reveal  itself  till  the  succeeding  expira- 
tion. It  may  t>e,  however,  that  the  impulses  discharged  from 
the  respiratory  centre  in  inspiration  diminish  the  tone  of  the 
rardio-inhibitory  centre,  and  thus  lead  to  acceleration  of  the 
heart  towards  the  end  of  the  inspiratory  phase. 

Traubc-Hering  Curves. — Rhythmical  changes  in  the  activity 
of  the  vaso-motor  centre,  also  associated  with  periodic  discharges 
from  the  respirator^'  centre,  may  be  observed  under  certain  con- 
ditions— tf.g.,  when  in  an  animal  paialyzed  by  curara,  and 
Uierefore  unable  to  breathe  spontaneously,  the  artificial  respira- 
tion is  stopped  for  a  time.  I  f  such  a  dose  of  cxxrara  be  given  as 
will  still  permit  slight  spxintaneous  respiration  to  go  on,  and 
both  vagi  be  cut,  it  can  be  seen  on  stopping  the  artificial  respira- 
tion that  the  waves  on  the  blood-pressure  curve  are  exactly 
synchronous  witli  the  slow  respiratory  movements.  Unlike  the 
ordinary  respirator^'  oscillations  of  arterial  pressure,  whose  cause 
we  have  already  found  in  the  mechanical  changes  connected 
with  the  respiration,  the  Traulje-Hering  waves  sink  in  inspiration 
and  rise  in  expiration. 

This  circumstance,  and  the  fact  that  they  have  invariably  a 
longer  j^criod  than  the  natural  respiratory  movements,  are 
sufficient  to  show  that  they  cannot  be  concerned  in  the  produc- 
tion of  the  normal  respiratory  oscillations  of  arterial  jiressure. 
Probably  the  reason  why  the  Traube  waves  appear  after  section 
of  the  vagi  is  the  increased  vigour  of  the  slow  respiratory  dis- 
charges, coupled  with  a  hyy)erexcitability  of  the  vaso-motor 
centre,  due  to  the  long  pauses  in  the  aeration  of  the  blood.  In  the 
asphyxial  rise  of  pressure  in  a  curarized  dog  they  are  constantly 
seen,  and  are  often  observed  when  the  circulation  in  the  medulla 
oblongata  is  in  any  way  interfered  with.  In  addition  to  the  true 
Traube-Hering  waves,  other  and  much  longer  |>erio(lic  variations 
in  the  blood-pressure  are  sometimes  noticed.     If  spontaneous 
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respiration  is  going  on  their  long  sweeping  corves  then  ^bem  the 
ordinary  respiratory  waves  superposed  on  them. 

The  normal  respiratory  oscillations  in  the  veins,  as  might  be 
expected,  run  precisely  in  the  opposite  direction  to  those  in  the 
arteries,  and  so  do  the  Traube-Herin^  curves.  The  increased 
flow  from  the  veins  to  the  thorax  during  mspiration  lowers  the 
pressure  in  the  jugular  vein,  while  it  increases  the  pressure  in 
the  carotid.  The  constriction  of  the  small  bloodvessels  to  which 
the  Traube-Hering  curves  are  due  increases  the  blood-pressure 
in  the  arterites,  because  it  increases  the  peripheral  resistance  to 
the  blood-flow  ;  in  the  veins  it  lowers  the  pressure,  because  less 
blocxl  gets  through  to  them.  Accordingly,  when  the  Traube- 
Hcring  curve  is  ascending  in  the  carotid,  it  is  descending  in  the 
jugular. 

The  respiratory  ▼ariations  in  the  volume  of  the  brain, 
which  arc  so  striking  a  phenomenon  when  a  trephine  hole  is 
made  in  the  skull,  but  which  can  also  take  place,  thanks  to  the 
displacement  of  cerebro-spinal  fluid  (p.  143),  when  the  cranium 
is  mtact,  have  by  some  been  attributed  to  interference  with  the 
venous  outflow  from  the  cranial  cavity  during  expiration,  and 
by  others  to  those  changes  in  the  arterial  pressure  whose  causes 
we  have  just  been  discussing.  The  truth  is  that  neither  factor 
iH  exclusively  concerned.  The  question  turns  largely  upon  the 
time-relations  of  the  movements.  The  swelling  of  the  brain  is 
normally  synchronous  with  expiration,  and  the  shrinking  with 
inspiration,  because  the  damming  back  of  the  blood  in  the 
sinuses  when  the  outflow  is  checked  by  the  expiratory  rise  of 
pressure  in  the  thoracic  veins  is  more  than  enough  to  counter- 
balance the  expiratory  fall  of  pressure  in  the  cerebral  arteries. 
But  sometimes  the  dura  mater  bulges  into  the  trephine  hole  in 
inspiration  and  sinks  down  in  expiration.  Here  the  increase  in 
the  volume  of  the  brain  produced  by  the  mcreased  pressure  in 
the  arteries  and  ca|)illaries  in  inspiration  is  more  than  sufficient 
to  counterbalance  the  quickened  escaj^e  of  blood  from  the  cere- 
bral veins. 

The  effects  of  breathing  condensed  and  rarefied  air  are — 
(i)  mechanical,  shown  chiefly  by  clianges  in  the  circulation^  in 
the  blood-pressure,  for  mslance  ;  (2)  chemical. 

The  mechanical  effects  differ  according  to  whether  the  whole 
body»  or  only  the  respiratory  tract,  is  exjwsed  to  the  altered 
pressure.  When  the  trachea  of  an  animal  is  connected  with  a 
chain  l)cr  in  which  the  pressure  can  be  raised  or  lowered,  it  is 
found  that  at  hrst  the  arterial  blood-i^rcssure  rises  as  the  pressure 
<»(  the  air  of  respiration  is  increased  above  that  of  the  atmo- 
sphere. Hut  a  inaxinium  is  soon  reached  ;  and  when  respira- 
iou  begins  to  be  im|}eded|  the  pressure  falls  in  the  arteries  and 
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increases  in  the  veins.  When  the  pressure  of  the  air  in  the 
chamber  is  diminished  a  Httle  l>oIow  that  of  the  atmosphere, 
there  is  a  shght  sinking  of  the  arterial  blood-pressure,  which 
rises  if  the  air-pressure  is  further  diminished. 

It  is  clcsar  that  any  change  of  the  air-pressure  which  tends  to 
diminish  the  intrathoracic  pressure  will  favour  the  venous  return 
to  the  heart,  and  therefore,  if  the  exit  of  blood  from  the  thorax  is 
not  proportionally  impeded,  the  filling  of  the  arteries.  \n  increase 
in  the  intra-alvcolar  pressure  luiist  tend  on  the  whole  to  increase, 
and  a  jdiminution  in  it  to  lessen,  the  pressure  inside  the  thorax, 
which  always  remains  equal  to  the  intra- ilvcolar  pressure,  minus 
the  elastic  tension  of  the  lun^s.  Breathing  compressed  air  should, 
therefore,  under  the  conditions  described,  be  upon  the  whole  un- 
favourable to  the  venous  return  to  the  heart  and  to  the  tilling  of 
the  arteries,  and  the  arterial  pressure  should  fall  ;  while  breatlung 
rarefied  air  should  have  the  opposite  oHcct.  I^ut  a  very  great 
diminution  of  the  intrathoracic  pressure  is  not  necessarily  favour- 
able to  the  circulation,  since  the  adricles  are  then  unable  to  contract 
perfectly, 

Ccrtam  chest  diseases  have  been  treated  by  the  use  of  apparatus 
by  whirh  the  patient  is  made  to  brcathr  either  compressed  or  rarefied 
air  ;  or  to  inspire  air  at 
one  pressure  and  to  expire 
into  air  at  another  pres- 
sure. And  it  has.  upon 
the  whole,  been  found,  in 
agreement  with  theory* 
that  condensed  air  cannot 
help  the  circulation  how- 
ever it  is  apphed,  but 
always  hinders  it ;  wl\ile 
rarefied  air  aids  the  cir- 
culation both  in  inspiration  and  in  expiration.  But  the  increased 
work  of  the  inspirator)'  musclc*s  may  counterbalance  the  advantage. 

yaJ.'iuiva's  experiment,  which  is  performed  by  closing  the  mouth 
and  nostrils  after  a  previous  inspiration,  and  then  forcibly  trying 
to  expire,  is  an  imitation  of  breathing  into  compressed  air.  The 
intratnoracic  pressure  is  raised,  it  may  be.  to  considerably  more 
than  that  of  the  atmosphere  ;  the  venous  return  to  the  heart  is 
impeded,  and  may  be  stopped  ; 
and  the  pulse  curve  is  altered 
in  such  a  way  as  to  tndicite 
first  an  incrcitse  and  then  a 
decrtiasc  of  the  arterial  blood- 
pressure  (Fig.  lOo), 

M$$itfr'i  expertment,  wliich 
should  bo  bracketed  with  Val- 
Kilva's,  consists  in  making, 
after   a   previous  exiiiration.   a 

strtmg  ins]>irAtor\'  effort  with  mouth  and  nostrils  closed.  Here  the 
iutratUonicic  pressure  is  greatly  diminishwl,  more  blood  is  drawn 
into  tile  chest,  and  \i\yon  the  whole  effects  oppottitc  to  those  of 
Valsalva's  ex(>eriinent  arc  produced  (Hg.  lOi).  Neither  expc 
mcnt  is  (juiu-  Irec  from  danger.  In  t)oth  the  dicrotism  of  the  pu 
iMKomes  n»orc  marked. 
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When  the  whole  body  is  subjected  to  the  changed  pressure, 
as  in  a  balloon  or  on  a  mountain,  in  a  diving-bell  or  a  caisson 
used  in  building  the  piers  of  a  bridge,  the  conditions  are  very 
different.  For  the  blood-pressure,  the  intrathoracic  pressure, 
and  the  intra-alveolar  pressure,  all  fall  together  when  the  pres- 
sure of  the  atmosphere  is  diminished,  and  all  rise  together  when 
it  is  increased.  It  is  possible  not  only  to  live,  but  to  do  hard 
manual  labour,  at  very  different  atmospheric  pressures. 

As  regards  the  chemical  effects  of  condensed  and  rarefied 
air,  Loew\'  found  that  the  quantity  of  ox>*gen  absorbed  by  a 
man  breathing  air  in  the  pneumatic  cabinet  remained  constant 
at  all  pressures  between  about  two  atmospheres  and  half  an 
atmosphere.  At  440  nun.  of  mercury-  d\'spnoea  became  evident ; 
but  if  the  i^r^on  was  now  made  to  work,  the  d\'spna:a  passed 
away,  and  did  not  again  manifest  itself  till  the  pressure  was 
reduced  to  410  mm.  There  are  towns  on  the  high  tabldands 
of  the  Andes,  and  in  the  Hiniala\-as.  where  the  barometric  pres- 
sure is  not  more  than  16  to  20  inches,  >*et  the  inhabitants  feel 
no  ill  effectsw  And  in  the  caissons  of  the  Forth  Bridge  the  wx)rk- 
men  were  engaged  in  severe  toil  under  a  maximum  pressure  of 
over  three  atmospheres,  while  in  the  caissons  of  the  St.  Louis 
Bridge  in  America  a  ma.ximum  pressure  o(  over  four  atmospheres 
(i.ir.,  more  than  three  atmospheres  in  addition  to  the  ordinary 
air-pressure)  was  reached. 

Inside  the  caissons  the  men  sometimes  sufier  from  pain  and  noisr 
in  the  e^rs.  due  to  excessive  pressure  on  the  external  surface  of  the 
t^*nipanic  membrane.  It  the  pressure  in  the  t>Tnpanum  is  raised  by 
a  swaUowins:  movement,  whith  opens  the  Eustachian  tube  and  pcr- 
mits  air  to  enter  it.  the  s\-mptom3  ger^rally  disappear.  The  sudden- 
ness oi  the  change  ot  pressure  has  much  to  do  with  Its  effects,  and  it 
is  found  th.»t  the  men  are  most  liable  to  dangerous  s\Tnptoms  while 
passing  throush  the  air-lock  from  the  caissons  to  the  external  air. 
It  may  be  C'^ncludcd  irom  experiments  on  amm.^U.  that  some  of  the 
most  senou-i  -^t  these — the  locahzed  parai\*^  usually  afiecting  tht 
Ieit!:s  ipami'Itvi.i  .ir.d  the  circulatory*  "disturbances — are  due  to  the 
formation  ot  iAseous  emboli,  by  the  liberition  ot  nitrc^en  in  the 
blood  when  the  pressure  is  abruptly  reduce*.!.  \a<L  indeed,  it  is 
found  that  the  symptoms  can  often  be  caused  to  disippcar.  both  in 
antmjls  ani  men.  by  promptly  sub;ectiitc:  them  asain  to  compressed 
air.  To  avoid  aas  cmboUsm  on  decomprt->>i'?a.  thf  shift  sh«:idd  be 
so  short  -say.  an  hour  when  the  hishest  practicable  pressures  are 
usedi  that  the  blc«>i  di.vs  not  become  fully  saturated  with  nitrogeo, 
and  the  deC'?mpress:on  should  be  slow. 

But  th,it  the  ac::>r.  ot  iir  tinder  a  hiah  pressure  is  not  merely 
mechanica!  stems  ':•>  :«.>!l.:.w  t7?c.  the  sinz-ilar  tact  that  in  pure 
oxyy:en  jit  a  vros-^rt  "t  i  :o  ?  anr-.-jspheres,  which  corresponds  to 
air  at  j-.>  t  ^  j^  ;i:n'-'.->:'h*-:rtrs.  c-.  rivuWion.?  ir-;  otter,  produced  in  verte^ 
brate  ammals.  wh!ie"  ex'j>-s.:re  to  ^  to  J*  atrr.-ispheres  of  oxysen 
causes  JyMT.va  in-i  o-t^.  .isu-llv  'A::h.'.'Ut  C'-»r.vuisior.s.  ,Vli 
al>.  s->  tir  a:>  irivestiiated.  are  instar-tiv  coavulsed  and  killed 
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under  a  pressure  of  $o  atmospheres  of  oxygen  (Hill  and  Macleod). 
Even  seeds  and  vegetable  organisms  in  general  are  killed  in  a  short 
time  in  oxygen  at  }  to  5  atmospheres ;  and  an  atmosphere  of 
pure  oxvRcri.  equal  to  five  atmospheres  of  air,  liinders  the  develop- 
ment of  eggs.  Lorrain  Smith  has  shown  that  in  small  birds  and  J 
mice  exposure  for  many  hours  to  a  pressure  of  between  i  and  2 
atmosphere**  of  pure  oxygen  causes  pneumonia.  He  confirms  Bert's 
observations  on  the  acute  toxic  effects  produced  by  higher  pressures, 
and  supposes  that  in  the  production  of  caisson  disexsc  the  special 
action  of  the  oxygen  at  high  pressure  may  play  a  part  as  well  as 
the  rapid  decompression. 

When  the  air-pressure  is  diminished  below  a  certain  limit, 
death  takes  place  from  asphyxia^  more  or  less  gradual  according 
to  the  rate  at  which  the  pressure  is  reduced.  The  hemoglobin 
cannot  get  or  retain  enough  oxygen  to  enable  it  to  pierfonn  its 
respiratory  function ;  its  dissociation  tension  is  no  longer 
balanced  by  an  equal  or  greater  partial  pressure  of  oxygen  in 
llie  air.  The  quantity  of  carbon  dioxide  in  the  blood  is  also 
lessened,  owing  to  the  dyspnoea  and  the  consequent  increase  of 
j^tilinonary  ventilation. 

To  such  ch-inRcs.  as  well  as  to  the  cold,  some  of  the  deaths  in 
high  balloon  ascents  must  be  attributed.  Messrs.  GUishcr  and 
Coxwell  supposed  Ih  \t  they  reached  the  height  of  37,000  feet  ;  the 
former  Ixjc^me  unconscious  at  jg.ofX)  feet  (8.800  metres),  at  which 
height  the  amount  of  oxygen  in  the  arterial  blood  would  probibly 
not  exceed  10  volumes  per  cent.,  but  recovered  dunug  the  descent. 
The  symptoms  of  the  '  mountain  sickness  '  ^o  familiar  to  Alpine 
climbers  are  aLso  mainly  due  to  deficiency  of  oxygen  in  the  blood. 
But  here  the  influence  of  the  low  barometric  pressure  is  complicated 
by  other  conditions.  For  example,  while  in  the  pneumatic  cabinet, 
as  already  stated,  diminution  of  the  pressure  at  es  not  affect  the 
oxygen  consumption,  it  is  relatively  much  sweater  on  the  high 
mountain  levels  both  during  rest  ixnd  during  work  than  on  the 
plains.  This  is  not  the  case  in  balloon  ascent-f.  And  evidence  has 
ocen  brought  forward  th.it  changes  in  the  mechanics  as  well  as  in 
the  chemistry  of  respiration  arc  concerned  (the  breathing,  fo** 
instance,  taking  on  a  periodic  character,  with  sr-me  approu'h  to 
the  CUcynr-Stokes  type  [p.  210}),  and  that  there  is  something  not 
connected  with  the  want  of  oxygen  which  diminishc-s  the  c.ipacitv 
for  muscnliir  work.  Tliis  '  something  *  is  perhnijs  a  {>eculiar  exci- 
tation of  the  nervous  system  in  the  fierce  light  of  those  high  levels, 
which  acts  not  only  on  the  retina,  but  on  the  skin,  and  may  even 
aflect  the  distribution  of  the  blood. 

Cutaneous  Respiration. — ^It  li;is  already  been  remarked  that  a  fro;.* 
sur^nves  the  loss  of  its  lungs  for  some  time,  respiration  going  on 
through  the  skin.  Indeed,  it  has  been  calculated  that  in  tbe  intact 
irog,  under  ordinary'  conditions,  as  much  as  three-quarters  of  the 
total  gaseous  excluingc  may  be  cutaneous.  Two  frogs  were  sc*cn 
to  b\e  thirty-three  d.iys,  and  one  even  forty  days,  after  excision 
of  the  lungs.  The  efloct  of  exclusion  of  the  pulmonary  respiration 
on  the  gaseous  cxchauijc  de^wuds  on  tho  previous  intensity  of  the 
metabolism.  If  this  is  high  the  gaseous  exchange  sinks  markedly  ; 
if  it  is  low  there  is  scarcely  any  alteration.     At  their   maximum 
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efficiency  the  frog's  lungs  are  capable  of  sustaining  a  much  greater 
exchange  than  the  skin.  Besides  this  quantitative,  there  is  a 
qualitative  diflfcrence,  the  carbon  dioxide  passing  more  easily  through 
the  skin  than  the  oxygen,  so  that  the  respirator^'  quotient  is  increased 
by  eliniiniition  of  the  lungs.  In  nuimmals  the  structure  of  the  skin 
is  dillerent,  and  respiration  can  only  go  on  tlirough  it  to  a  very 
slight  extent.  The  amount  of  carbon  dioxide  excreted  in  man. 
although  only  about  4  grm.  or  2  litres  in  twenty-four  hours,  is  much 
greater  than  corresponds  to  the  quantity  of  oxygen  absorbed  through 
the  skin.  It  has  been  asserted,  and  no  doubt  u-ith  justice,  that 
some  at  least  of  the  carbon  dioxide  given  off  is  due  to  putrefactive 
processes  takiuR  place  on  the  surface  of  the  body.  Such  processes, 
as  has  already  been  pointed  out,  seem  also  responsible  in  part  for 
the  heavy  odour  of  a  '  close  '  room.  For  no  hamifuli  products 
appear  to  be  exhaled  from  the  skin  when  it  is  properly  cleansed. 
In  spite  of  the  romantic  statements  to  the  contrary  in  ancient  and 
modern  books  (for  instance,  the  story  of  the  child  that  was  gilded 
to  play  the  part  of  an  angel  at  the  coronation  of  a  medieval  poiw, 
but  died  before  the  ceremony  began),  the  whole  of  the  human  skin 
may  be  conted  with  an  impermeable  varnish  without  any  ill  effects. 
The  entire  surface  of  the  body  of  a  patient  with  cutaneous  disease 
was  covered  with  tar.  i>.nd  kept  covered  for  ten  days.  There  was 
not  tlie  least  disturbance  of  any  normal  function.  The  serious  effects 
of  varnishing  the  skin  in  animals  are  due,  not  to  retention  of  pi^isonous 
substances,  but  to  increased  heat  loss.  Varnishing  is  not  so  rapidly 
harmful  in  large  animals  like  dogs  as  in  rabbits,  wiiich  have  a 
relatively  great  surface  and  a  delicate  skin.  The  danger  of  wide- 
spread superficial  burns  is  well  known.  But  it  is  not  due  to 
diminished  excretion  by  the  skin,  for  death  occurs  when  large 
cutaneous  areas  remain  uninjured.  The  patient  nearly  always  dies 
\vhen  a  quarter  of  the  whole  skin  is  burnt  ;  yet  the  remaining  three- 
quarters  may  surely  be  considered  capable,  from  all  analogy,  of 
making  up  the  loss  by  increased  activity.  One  kidney  is  enough  to 
eliminate  the  products  of  the  nitrogenous  metabolism  of  the  whole 
body.  It  is  difficult  to  see  why  the  excretion  of  the  trifling  amount 
of  solid  matter  in  the  perspiration  should  be  interfered  with  by  the 
loss  of  23  per  cent,  of  the  sweat-glands.  The  real  explanation  of 
the  serious  effects  of  extensive  superficial  burns  is  perhaps  the  ex- 
cessive irntation  of  the  sensory  nerves,  \^hich  may  lead  to  changes 
in  the  ner\'ous  centres,  or  reflexly  in  other  organs,  or  the  chemical 
changes  in  the  damaged  tissue,  for  example,  in  the  blood-corpusolcs, 
or  the  transudation  of  lymph  at  the  injured  part,  and  consequent 
increase  in  the  concentration  of  the  blood. 
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Voice  and  Speech. 

Voice. — Sounds  of  various  kinds  are  frequently  produced  by 
the  movements  of  animals  as  a  whole,  or  of  individual  organs. 
The  muscular  sotmd,  the  soiuids  of  the  heart  and  of  respiration, 
we  have  already  had  to  speak  of.  Surh  sounds  may  be  considered 
as  purely  accidental  as  the  footfall  of  a  man  or  the  buzzing  of  a 
fiy.  The  wings  of  an  insect  beat  the  air,  not  to  cause  sound,  but 
to  produce  motion  ;  the  respiratory  murmur  is  a  mere  indication 
tliat  air  is  finding  its  way  into  the  lungs,  it  is  in  no  way  related 
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to  the  oxidation  of  the  blood  in  the  pulmonary  capillaries.  But 
in  many  of  the  higher  animals  mechanisms  exist  which  are 
si^ecially  devoted  to  the  utterance  of  sounds  as  their  prime  and 
projier  end.  In  man  the  voice-producing  mechanism  consists  of 
a  triple  series  of  tulies  and  chambers  :  (i)  'Hie  trachea,  through 
which  a  blast  of  air  is  blown  ;  (2)  the  lar^Tix,  with  the  vocal 
cords,  by  the  vibrations  of  which  sound-waves  are  set  up  ;  and 
(3)  the  upper  resonance  chamt)ers,  the  pharynx,  mouth,  and  nasal 
cavities,  in  which  the  sounds  produced  in  the  larynx  are  modified 
and  intensified,  and  in  which  independent  notes  iind  noises  arise. 

The  larynx  is  a  cartilaginous  box,  across  which  are  stretched, 
from  frfint  to  back,  two  thin  and  sharp-edged  membranes,  the 
(tiue)  vot^al  cords.  In  front  the  cortls  are  attached  to  the 
thyroid  cartilage,  one  a  little  to  each  side  of  the  middle  line  ; 
l>ehind  they  are  connected  to  the  vocal  or  anterior  processes  of 
the  pyramidal  arytenoid  cartilages.  The  thyroid  and  the  two 
ar\'tenoids  are  mounte<l  upon  a  cartilaginous  ring,  the  cricoid. 
The  arytenoids  can  rotate  on  the  cricoid  about  a  vertical  axis. 
while  the  cricoid  can  rotate  on  the  thyroid  cartilage  around  a 
transverse  horizontal  axis.  The  cricoid  can  thus  be  raised  by 
the  contraction  of  the  cricothyroid  muscle,  and  the  vocal  cords 
stretched.  By  the  pull  of  the  [Wisterior  crico-arytenoid  muscles, 
attached  to  the  external  or  muscular  processes  of  the  arytenoid 
cartilages,  the  vocal  processes  are  rotated  outwards,  the  cords 
separated  from  eacli  otlier  or  abdmUd,  and  the  chink  between 
them,  the  rima  glottidis,  widened.  When  the  vocal  processes 
are  approximated  by  contraction  of  the  lateral  cTico-ar\'tcnoid 
muscles  and  the  consequent  forward  movement  of  the  muscular 
processes,  tlie  vocal  cords  are  brought  closer  together,  or  adducted, 
and  the  rima  is  narrowed.  The  transverse  or  posterior  arytenoid 
muscle,  which  connects  the  two  arytenoid  cartilages  behind,  also 
heljjs,  by  its  contraction,  to  narrow  the  glottis  by  shifting  the 
caitilages  on  their  articular  surfaces  somewhat  nearer  the  middle 
line.  Running  in  each  vocal  cord,  and.  in  fact,  incorporated  with 
Its  elastic  tissue,  is  a  muscle,  the  thyro-arytcnoid,  the  external 
j>ortion  of  which  may  to  some  extent  cause  inward  rotation  of 
the  vocal  processes  and  adduction  of  the  cords  ;  but  the  main 
function,  at  least  of  its  inner  part,  is  to  alter  the  tension  of  the 
cords.  The  diagrams  in  Figs.  102  and  103  illustrate  the  action 
of  the  abductors  and  adductors  of  the  vocal  cords. 

The  crico-thyroid  muscle  and  the  deflectors  of  the  epiglottb 
are  supplied  by  the  superior  laryngeal  branch  of  the  vagus, 
which  also  contains  the  sensory  fibres  for  the  mucous  membrane 
of  the  larynx  above  the  vocal  cords.  In  the  dog  and  rabbit 
mott)r  fibres  also  reach  the  crico-thyroid  by  the  so-called  middle 
laryngeal  nerve  which  arises  from  the  superior  pharyngeal  branch 
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of  the  vagus.  All  Ihe  other  intrinsic  muscles  are  supplied  by  the 
recurrent  lar^'ni^eal  branch  of  the  vagus.  It  receives  these  motor 
fibres  from  the  si)ijaal  accessory,  and  supplies  sensory  fibres  to 
the  mucous  membrane  of  the  larjiix  below  the  vocal  cords  and 
to  the  trachea. 

The  voice  is  produced,  like  the  sounds  of  a  reed  instniment, 
by  the  rhythmical  interruption  of  an  exjnratory^  blast  of  air  by 
the  vibrating  vocal  cords.  When  a  l>ell  is  struck,  vibrations  are 
set  up  in  the  metal,  which  are  communicatee!  to  the  air.  It 
is  not  the  same  with  the  vibrations  of  the  vocal  cords  ;  if  they 
were  ]>lucked  or  struck,  they  would  only  produce  a  feeble  note. 
The  air  in  the  mouth,  pharynx,  larynx,   trachea,  and   hnigs  is 
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|*It,.    103. — HlRECTION    OP    PUU. 

OP  THE  Lateral  Crico- 
arytenoids, WHICH  ADPUCT 
tiiF.  Vocal  Cords. 

iJiHtvcI   lines  show  position  ia 
adduction. 


P)!..      ro^.—  I)  lAOKAMMATIC 

IlcKizuNTAL  Section  or 
Larynx  to  show  the  Di- 
rection OP  Pull  of  thk 
Posterior  Ckico-ahytbnoid 
MuscLta,  WHICH  abduct 
the  Vocal  Cords. 

Dotted  lines  show  position  In 
abduction. 


the  real  sounding  body  ;  a  pulse  of  alternate  rarefaction  and  con- 
densation is  set  up  in  it  by  the  interference,  at  re^lar  intervals, 
of  the  vocal  cords  with  the  expiratory  blast.  Forced  abru])tly 
from  their  position  of  eciuilibrium  as  the  blast  begins,  they  almost 
immediately  regain  and  ]»ass  below  it.  in  virtue  of  their  elasticity, 
and  continue  to  vibrate  as  long  as  the  stream  of  air  continues  to 
issue  in  sufficient  strength.  Not  only  do  they  vibrate  up  and 
down,  but  also  towards  and  away  from  the  middle  line,  so  that, 
at  least  in  the  chest  voice,  they  come  into  contact  with  each  other 
at  each  swing.  The  sound-waves  thus  set  up  spread  out  on 
every  side,  impinge  on  the  tympanir  membrane,  set  it  quivering 
in  response,  and  give  rise  to  the  sensation  of  sound. 

We  may  say,  in  a  word,  that  tlie  whole  exquisite  mechanism 
of  cartilages,  ligaments,  and  muscles,  has  for  its  object  the  pro- 
duction of  a  sufficient  pressure  in  the  blast  of  air  driven  Ihrough 
the  windpipe  by  an  expiratory  act,  and  of  a  suitable  tension  in 
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the  vibrating  cords.  An  approximation  of  the  cords,  a  narrowing 
of  the  glottis,  is  es^^enlial  to  the  production  of  voice  ;  with  a 
widely-o^x^ned  glottis  the  air  esca|»es  loo  easily,  and  the  necessary 
pressure  cannot  he.  attained.  Tlie  pressure  in  tlie  windpipe  was 
found  in  a  woman  with  a  tracheal  fistula  to  be  about  iz  mm.  of 
mercurv  for  a  note  ot  medium  height,  about  15  tnm.  for  a  high 
note,  and  about  72  mm.  for  the  highest  ix)!5sible  note.  The 
period  of  vibration  of  structures  like  the  vocal  curds  depends  on 
their  length,  thickness,  density  and  tension  .  th* shorter,  thinner, 
more  tense  and  less  dense  a  stretched  string  is,  the  greater  is 
the  vibration  frequency,  the  higher  the  note.  In  the  child 
the  cords  are  short  {b  to  8  mm.),  in  woman  longer  (10  to  12  mm. 
when  slack,  ij  to  15  mm.  when  stretched),  in  man  longest  of 
all  (14  to  r8  mm.  in  the  relaxed,  and  18  to  22  mm.  in  the  stretched 
position)  :  and  the  lower  limit  of  the  voice  is  fixed  by  the 
maximinn  length  of  the  relaxed  cords.  A  boy  or  a  woman 
cannot  utter  a  deep  bass  note,  because  their  vocal  cords  are 
relatively  short,  and  do  not  vibrate  with  sufficient  slowness. 
It  is  true  that  by  the  action  of  the  crico-thyroid  muscle  the 
cords  can  lie  lengthened,  and  that  the  maximum  length  in  a 
woman  approaches  or  exceeds  the  minmnmi  length  in  a  man. 
But  the  lengthening  of  the  vocal  cords  in  one  and  the  same 
individual  is  always  accompanied  by  other  changes — increase 
of  tension,  decrease  of  breadth  and  thickness— which  tell  upon 
the  vibration  frequency  in  the  opposite  way,  and  more  than 
compensate  the  effect  of  the  increase  of  length,  so  that  for  high 
notes  the  cords  are  longer  than  for  low.  The  contraction  of  the 
thyro-ar>'tenoid  muscle  is  a  more  influential  factor  in  altering  the 
tension  of  the  cords  than  the  contraction  of  the  crico-thyroid. 
It  is  probable  that  when  the  highest  notes  are  uttered,  only  the 
anterior  portions  of  the  cords  are  free  to  vibrate,  their  posterior 
|K)rtions  Ix'ing  damjied  by  the  approximation  of  the  vocal  pro- 
cesses of  the  arytenoid  cartilages  by  the  contraction  of  the  lateral 
crico-arytenoid  and  transverse  arytenoid  muscles.  The  range 
of  an  ordinary  voice  is  2  octaves  ;  by  training  z\  octaves  can  be 
Lclied  ;  but  in  exceptional  cases  a  range  of  3,  and  even  34, 
ives  has  l^een  known. 

The  dovclo|)ment  of  the  vnicc  in  children  is  of  gteat  interest.  At 
ttic  ago  of  six  yearns  the  boy's  voice  has  a  rather  narrower  range  than 
the  girl's  in  both  directions.  The  boy's  voice  reaches  it*  full  bci|;ht 
in  the  IwcHth  ind  its  fuU  depth  in  the  thirteenth  year,  when  the 
range  is  almost  3  octaves,  its  upjier  limit  bcin^  a  hcmitonc  higher 
than  the  girl's,  but  its  lower  limit  a  whole  tone  decjicr.  When  the 
voice  '  breaks  '  m  bcA's  at  the  age  of  puberty,  the  control  of  the  vocal 
organs  lx?comes  so  incomplete  that  only  in  one-fourth  of  the  c-ases 
can  notes  ol  sufficient  steadiness  to  be  used  in  music  be  produced. 
The  vocal  cord«,  as  may  t>e  seen  with  the  l.irj'ngoscopc,  are  fre- 
quently, though  not  always,  congcste<l. 
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The  pitch  ol  ii  note,  while  it  depends  chiefly,  as  has  been  said 
on  the  tension  of  the  vocal  cords,  rises  and  falls  somewhat  with 
the  strength  of  the  cxpiratoi'y  blast  :  the  highest  notes  are  only 
reached  with  a  strong  expiratory  effort.  The  intensity  of  all 
vocal  sounds  is  determined  by  thi.'  strength  of  tlie  blast,  for  the 
amj^htude  of  vibration  of  the  cords  is  proportional  to  this. 
Besides  pilch  and  intensity,  the  ear  can  still  distinguish  the 
quality  or  timbre  of  sounds  ;  and  the  explanation  is  as  follows  : 
Two  simple  tones  of  the  sjime  pitch  and  intensity,  that  is,  the 
sounds  caused  by  two  series  of  air-waves  of  the  same  jieriod 
and  amplitude — of  the  same  frequency  and  height,  to  use  less 
technical  tenns — would  appear  absolutely  identical  to  the  sense 
of  hearing  :  just  as  the  aerial  disturbances  oa  which  they  depend 
would  be  absolutely  alike  to  any  physical  test  tliat  could  he 
applied.  But  no  musical  instrument  ever  produces  sound-waves  of 
one  definite  period,  and  one  only  ;  and  the  same  is  true  of  the 
voice.  When  a  stretched  string  is  displaced  in  any  way  from 
its  position  of  rest,  it  is  set  into  vibration  ;  and  not  only  does 
the  string  vibrate  as  a  whole,  but  portions  of  it  vibrate  indc- 
I>endently  and  give  out  separate  tf>ncs.  The  tone  corresjxjnding 
to  the  vibration  period  of  the  whole  string  is  the  lowest  of  all. 
It  is  also  the  loudest,  for  it  is  more  diffictdt  to  set  up  quick  than 
slow  vibrations.  Tlie  car  therefore  picks  it  out  from  all  the 
re^t ;  and  Ihe  pitch  of  the  compound  note  is  taken  to  lie  the  pitch 
of  this,  its  fundamental  tone.  The  others  are  called  partial  or 
overtones,  or  harmonics  of  (he  fundamental  tone,  their  vibration 
frequency  being  twice,  three  times,  four  times,  etc.,  that  of  the 
latter.  Now,  the  fundamental  tone  of  a  compound  note  or 
r/flMp  produced  by  two  musical  instruments  may  be  the  same, 
while  the  ntmiber,  pericKi,  and  intensity  of  the  harmonics  are 
different  ;  and  this  difference  the  ear  recognises  as  a  difference 
of  timbre  or  quahty.  The  timbre  of  the  voice  depends  for  the 
most  ]iart  on  j)artial  tones  ]>roduced  or  intensified  in  the  upper 
resonance  chambers. 

A  great  deal  of  our  knowledge  as  to  the  mode  and  mechanism 
of  the  production  of  voice  has  been  acquired  by  means  of  the 
laryngoscope  (Fig.  104).  This  consists  of  a  small  plane  mirror 
mounted  on  a  handle,  which  is  held  at  the  back  of  the  mouth  in 
such  a  j)ositio[i  that  a  beam  of  light,  reflected  from  a  larger 
concave  mirror  fastened  on  the  forehead  of  the  observer,  is 
thrown  into  the  larynx  of  the  patient.  The  oVtserver  looks 
through  a  hole  in  the  centre  of  the  large  minor  :  and  an  image 
of  the  interior  of  the  larynx  is  seen  in  the  small  mirror,  in  which 
the  parts  that  are  anterior  ai>[>ear  as  posterior,  the  arytenoid 
cartilages  in  front,  the  thyroid  behind,  and  the  vocal  cords 
stretching    between.     The   small   mirror    is   warmed    to    body- 
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temperature  before  being  introduced,  so  as  to  prevent  the 
condensation  of  moisture  on  it.  The  tendency  to  retch  which 
is  caused  by  contact  of  the  instrument  with  the  soft  palate  may  be 
removed  or  lessened  by  the  apjjlicatioii  of  a  solution  of  cocaine. 
Examined  with  the  laryngoscope  during  quiet  respiration, 
the  glottis  is  seen  to  l^e  moderately,  though  not  widely,  of>en, 
and  the  vocal  cords  almost  motionless.  Although  the  |X)rtion 
l>etween  Uie  arytenoid  cartilages  has  received  the  name  of  glottis 
respiraloria,  in  contradistinction  to  the  glottis  vocalis  between 
the  vocal  cords,  the  rima  in  its  whole  extent  from  front  to  back 
is  really  concerned  in  the  respiratory  act.  In  deep  expiration 
the  vocal  cords  come  nearer  to  the  middle  line,  and  the  glottis 
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Fic.  104. — Diagram  or  Lakvngosco?e. 

is  narrowed  ;  in  deep  inspiration  they  are  widely  se]>arated,  and 
the  rings  of  the  trachea,  and  even  its  bifurcation,  may  be  dis- 
closed to  view.  \\^en  a  sound  is  produced — a  note  sung,  for 
example — -the  cords  are  approximated  (Figs.  105  and  106)  ;  and 
with  a  liigh  note  more  than  with  a  low. 

The  essential  difference  Ijotwccn  the  production  of  notes  in  the 
lower  register,  or  chest  voice,  and  in  tlic  higher  register,  or  falsetto, 
has  boon  much  debated.  The  lowest  notes  which  can  he  uttered  by 
any  given  voice  are  chest  notes,  the  highest  arc  falsetto  notes  ;  but 
there  is  a  debatable  land  common  to  both  registers,  and  medium 
note*  can  be  sung  either  from  the  chest  or  from  the  bead.  Chest 
noles  impart  a  vibration  or  fremitus  to  the  thoracic  u-alls.  from  the 
resiinancc  of  the  lower  air-chambers,  the  trachea  and  bronchi  ;  and 
this  can  be  distinctiv  felt  by  the  hand.  In  head  notes  or  falsetto 
the  resonance  is  chiefly  in  the  upper  cavities,  the  phar)'nx,  mouth. 
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and  nose.  As  to  the  mechanical  conditions  in  the  larynx,  there  is  a 
pretty  general  agreement  tliat  during  the  production  oi  falsetto  notes 
the  vocal  cords  are  less  closely  approximated  Ihaii  in  the  sounding  of 
chest  notes.  The  escai)e  of  air  is  couscqucnlly  more  rapid  in  the 
head  voice,  and  a  falsetto  note  cannot  be  maintained  so  long  as  a 
note  sung,  from  the  chest.  But  it  is  only  the  anterior  part  of  the 
rima  glottidis  that  is  wider  in  the  falsetto  voice  :  the  u'hole  of  the 
glottis  respiratoria,  and  even  the  posterior  portion  oi  the  glottis 
vocalis.  are  closed  during  the  emission  of  falsetto  notes. 

Oertel  has  st;ited,  and  llie  statement  has  been  conf  rmed  by  others, 
that  the  free  edge  of  the  vocal  cord  alone  vibrates  in  the  falsetto 
voice,  one  or  more  nodes  or  motionless  lines  parallel  to  the  edge 
l>eing  formed  by  the  contraction  of  the  internal  ])arl  of  the  thyro- 
arytenoid muscle,  which  thus  acls  like  a  stop  upon  the  cord. 


Ajiproximation  nf  the  vocal  cords  may  take 
acts  luxconnocted  with  thv  production  nf  voice. 


ilace  in  certain 
Thus,  a  cough. 


Fig.  105.— Position  op  the 
Glottis  preliminary  to  the 
Utterance  of  Sound. 

r*,  false  vucal  cord  ;  ri,  true 
vocal  rord  ;  ar,  arytenoid  carti- 
lage i  i>,  pad  uf  the  epiglottis. 


FHi.  106. — Position  OF  Open  Glottis. 


/,  tongue ;  r,  epiglottis  ;  of,  ary- 
epiglottidean  fold  ;  c,  cartilage  of 
Wrisberg  ;  ar,  arytenoid  cartilage; 
o.  glottis  :  V,  ventricle  of  Murgagni  ; 
ti,  true  vocal  cord  ;  /s,  false  vocal  cord. 


as  has  already  been  mentioned,  is  initiated  by  closure  of  the 
glottis.  During  a  strong  musrular  effort,  too,  the  chink  of  the 
glottis  is  obliterated,  and  respiration  and  phonation  both 
arrested,  llie  object  of  this  is  to  fix  the  thorax,  and  so  afford 
points  of  support  for  the  action  of  the  muscles  of  the  liml>s  and 
abdomen.  But  considerable  efforts  can  be  made  even  by 
persons  with  a  tracheal  fistula. 

Speech. —Ordinary  speech  is  articulated  voice — voice  shap>ed 
and  fashioned  by  the  resonance  of  the  upper  air-cavities,  and 
jointed  together  by  the  sounds  or  noises  to  which  the  varying 
form  of  these  cavities  gives  rise.  Here  we  come  upon  the 
fundamental  distinction  between  vowels  and  consonants.  Vowels 
are  musical  sounds  ;  consonants  are  not  mtisical  sounds,  but 
noises — that  is  to  say,  they  are  due  to  irregular  vibrations,  not 
to  regularly  recurring  waves,  the  frequency  of  which  the  ear  can 
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appreciate  as  a  definite  pitch.  This  difference  of  character 
corresix>nds  to  a  tlifference  of  origin  :  the  vowels  are  produced  by 
the  vibrations  of  the  vocal  cords  ;  the  consonants  are  due  to  the 
rusliing  of  the  expiratory  blast  through  certain  constricted 
j>ortions  of  the  bticcal  chamber,  where  a  kind  of  temjwrary 
glottis  is  established  by  t!ie  approximation  of  its  walls.  One  of 
these  '  positions  of  articulation  '  is  the  orifice  of  the  Ii|>s  ;  the 
consonants  formcHl  there,  such  as  p  and  A,  are  called  labials. 
A  second  artiailation  position  is  between  the  anterior  part  of 
the  tongue  and  the  teeth  and  liard  |>a]atc.  Here  are  formed 
the  dentals,  /,  d,  etc.  The  t>rdinary  English  r,  and  the  r  of  the 
BePAirkshire  and  East  Prussian  '  burr,'  also  arise  in  this  jtosition 
through  a  vil>ratorv  motion  of  the  |K)int  of  the  tongue.  Tlic 
third  jKisition  of  articulation  is  the  narrow  strait  formed  l>etween 
the  posterior  portion  of  the  arched  tongue  and  the  soft  palate. 
To  the  consonants  arising  here  the  name  of  gutturals  has  l>een 
given.  They  include  k.  p,  the  Scottish  rh,  and  the  uvular  (ierman 
r.  The  latter  is  ]>riHluced  by  a  vibration  of  the  uvula.  Tlie 
a<^pirated  A  is  a  noise  set  up  by  the  air  aishing  through  a  moder- 
ately wide  glottis,  and  sctnic  have  therefore  included  the  glottis 
as  a  fourth  articulation  position  for  consonants.  Certain  sounds 
like  fi,  m,  and  wg.  when  final  (as  in  pen,  dam,  ring),  although 
produced  at  the  glottis,  are  intensified  by  the  resonance  of  the 
air  in  the  nose  and  pharynx,  and  are  sometimes  spoken  of  as 
nasal  consonants. 

As  we  have  said,  the  vowels  are  produced  by  vibrations  of  the 
vocal  cords,  but  to  what  they  owe  their  special  timbre  or  quality 
has  been  much  discussed.  According  to  the  view  with  which 
Helmholtz's  name  is  particularly  connected  this  is  due  to  the 
reinforcement  of  certain  overtones  by  the  resonating  cavities,  the 
sha|)e  and  fundamental  tone  of  which  are  different  for  each  vowel. 

When  a  vowel  is  whispered,  the  mouth  assumes  a  chiiractcristic 
tih;ipr,  iuicl  emits  the  (unnamentul  tone  proper  to  the  inrm  and  size 
of  llio  iKirticuUr  '  vowel-cavity.*  not  as  a  reinforcement  of  a  lone 
set  up  by  the  vibrations  o!  the  vocal  cords,  but  in  response  to  the 
ruth  of  air  through  the  cavity  ;  just  as  a  bottle  of  gixxn  shape  and 
&ize  gives  out  a  definite  note  when  the  air  which  it  contains  is  set 
in  \*inratinn,  by  blowing  across  its  mouth.  A  whisfier.  in  fact,  is 
sjiccch  without  voice  ;  the  larynx  takes  scarcely  any  part  in  the 
jiroduction  of  the  sound  ;  the  vocal  cords  remain  apKirt  and  com- 
paratively slack  ;  and  the  expiratory  blast  rushes  through  without 
settini;  Ihcm  in  x-ibration. 

The  lundamental  tone  of  the  '  vowel-cavity  '  may  be  found  for 
cich  vowel  by  placing  the  mouth  in  the  position  necessary  for 
uttering  it,  then  bringing  tuning-forks  of  different  period  in  front 
ai  it,  and  notmg  which  of  them  sets  up  sympathetic  resonance  in 
the  anr  of  the  mouth,  and  so  causes  its  sound  to  be  intensified. 
Tfao  (undamont^U  tunc  is  lowest  for  u  (as  in  lute).     Next  comes  0  ; 
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then  a  (as  in  path)  :  then  a  (as  in  fane)  ;  then  i  :  while  e  is  highest 
of  all.  A  simple  illustration  of  this  may  be  found  in  the  fact  that 
when  the  vowels  are  whispered  in  the  order  given,  the  pitch  rises. 
When  u  or  o  is  s^mnded,  the  buccal  cavity  has  the  iorm  of  a  wide- 
bellied  flask,  with  a  short  and  narrow  neck  for  «.  a  slill  shorter  but 
wider  iicck  for  o.  For  e  the  tongue  is  raised  vnd  almost  in  contact 
with  the  palate,  and  the  cavity  of  the  niuuth  is  shaped  like  a  flask 
with  a  long  narrow  neck  and  a  very  short  belly.  For  i  the  shape  is 
similar,  but  the  neck  is  not  so  narrow.  For  a  (as  in  path)  the  vowel- 
cavity  is  intermediate  in  form  between  that  of  w  and  <•,  being  roughly 
funncl-shajxid,  and  the  mouth  is  rather  widely  opened.  For  h  \ofi) 
the  resonating  cavity  is  made  as  long  as  ix>S3iblc,  the  larynx  being 
depressed  and  the  lips  protruded  :  for  e  the  resonating  cavity  is  at  its 
shortest,  the  larynx  being  raised  as  much  as  possible  and  the  lips 
retracted  (Figs.  107  to  109). 

According  to  flelmholtz.  all  that  the  resonating  cavity  does  is  to 
strengthen  certain  of  the  partials  or  overtones  of  the  lan>'ngcal  note. 
If  this  is  true,  the  partials  which  give  a  vowel-sound  the  timbre  by 


Fio.  107. 


Fifi.  to8. 


Fig.  irti>. 


which  we  recognise  it  as  different  from  other  vowel-sounds  cannot 
preserve  the  same  numerical  relation  to  the  fundamental  tone  when 
the  pitch  of  the  latter  is  altered.  Suppose,  for  example,  that  a 
given  vowel  is  sounded  with  a  pitch  corresponding  to  100  vibra- 
tions a  second,  and  that  the  partial  which  is  particularly  strengthened 
by  the  resonance  of  the  mouth  cavity  is  the  fifth  overtone,  corre- 
S]Xtnding  to  600  vibrations,  then  when  the  same  vowel  is  sounded 
with  a  pitch  of  200  vibrations  the  reinforced  partial  which  will  now 
give  the  quahty  to  the  sound  will  slill  correspond  to  f^^o  \'ibrations 
a  second,  since  this  is  the  rate  which  most  easily  elicits  the  resonance, 
but  it  will  not  now  be  the  fifth  but  the  second  overtone. 

I' niversally  accepted  tor  a  time,  the  Helmholtz  theory  has  been  in 
recent  years  assailed,  especially  by  Hermann,  who  bases  tiis  criticism 
on  microscopic  examination  of  curves  obtained  by  the  Edison  phono- 
graph, and  on  reproductions  of  such  records  obtained  by  photo- 
graphing on  a  moving  drum  covered  with  sensitive  paper  a  beam 
of  light  reflected  from  a  small  mirror  attached  to  a  s\'stem  M  levers 
whose  movements  follow  the  curves  faithfully  and  greatly  magnify 
them.     Hermann  has  come  to  the  conclu-iion  that  the  mouth  docs 
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aot  act  as  a  mere  resonator,  but  that  for  each  voweU  in  addition  to 
the  fuDdamental  iiote  due  to  the  \'ibTation  of  the  vocal  cords,  the 
pitch  of  wliich  is,  of  course,  variable,  one  or,  it  may  be,  two  other 
notes  (formants,  as  he  calls  them),  not  necessarily  harmonics  of  the 
laryngeal  note,  but  separated  from  it  by  a  constant  or  nearly  con- 
stant musical  interval,  arc  directly  produced  by  the  [WLSsage  of  the 
rcRularly  interrupted  expiratory  blast  through  the  mouth,  the  air 
contained  in  that  cavity  being  for  an  instant  set  into  vibration  at 
each  interruption.  On  this  view  it  is  the  musical  effect  produced 
by  the  oscillation  or  continual  recurrence,  in  short  series,  of  the^c 
vibrations  which  jjivcs  the  vowels  their  quality.  Tlie  fact  that  it 
is  by  no  means  di^cult  to  sini;  (with  the  larynx)  and  whistle  (with 
the  mouth)  at  the  same  time,  shows  the  possibility  of  Herm-inn's 
view,  that  a  fixed  tone  can  be  generated  in  the  mouth  by  the  inter- 
mittent stream  of  air  issuing  from  between  the  vibrating  \'ocal  cords, 
t'ust  as  a  tone  is  generated  in  a  pijTC  by  blowing  into  or  over  it.  and 
lis  recoitls  do  show  continually  recurring  groups  of  vibrations  as 
his  theory  re<iuircs.  McKendrick  takes  up  a  middle  position. 
believing  tliat  both  theories  are  partially  true,  and  tliis  seems  to 
be  the  best  conclusion  which  can  at  present  be  arrived  at,  \\^ 
seems  clear,  at  any  rate,  that  more  than  one  factor  is  concerned  in 
the  timbre  of  the  vowel  sounds. 


WTien  the  vowels  are  being  uttered,  the  soft  palate  closes  the 
entrance  to  the  nasal  chambers  completely,  as  may  be  shown 
by  holding  a  candle  in  front  of  the  nose,  or  trying  to  inject  water 
hroiigh  the  nares.  If  the  cavities  of  the  nose  are  not  completely 
b!ocke<l  off,  the  voice  assumes  a  nasal  character  in  pronouncing 
certain  of  the  vowels  ;  and  in  some  languages  this  is  the  ordinary 
and  correct  pronunciation. 

Many  animals  have  the  power  of  emitting  articulated  sounds  ; 
a  few  have  risen,  like  man,  to  the  dignity  of  sentences,  but  these 
only  by  imitation  of  the  human  voice.  Both  vowels  and  con- 
sonants can  be  distinguished  in  the  notes  of  birds,  the  vocal 
powers  of  which  are  in  general  higher  than  those  of  mammalian 
animals.  The  latter,  as  a  rule,  produce  only  vowels,  thoiigh 
some  are  able  to  form  consonants  too. 

The  nervous  mechanism  of  voice  and  speech  will  have  to 

be  iigaui  considered  when  we  come  to  study  the  physiolog\'  of 

the  brain  and  spinal  cord.     But  the  curious  physiological  anti- 

Uiesis  between  the  fimctions  of  abduction  and  of  adduction  ol 

the  vocaJ  cords  may  be  mentioned  here.     The  abductor  muscles 

|are  not  employed  in  the  production  of  voice  ;  they  arc  associated 

With  the  le^s  specialized,  the  less  skilled  and  purj>osive  function 

f   res|)iration.     The   adductor   muscles   are   not   brought    into 

action    m    respiration  ;  tliey   are   associated    with    the   highly- 

>ecialized  fimction  of  s])eech.     Corresponding  to  this  difference 

f  ftinction,  we  find  that  the  adductors  only  are  represented  in 

le  cortex  of  the  brain,  the  abductors  in  the  medulla  oblongata. 

timulation  of  an  area  in  tiie  lower  part  of  the  ascending  frontal 
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convolution,  near  the  fissure  of  Rolando,  in  the  inacaqup  monkey, 
in  front  of  the  crucial  silicas  in  the  dop,  causes  adduction  ol  the 
vocul  cords,  never  abduction.     Stimulation  of  the  medulla  oblon- 
gata   (accessory   nucleus)    causes    abduction,    never    adduction. 
The  skilled  adductor  function  is,  therefore,  placed  under  control 
of   the  cortex.     The   vitally   important,   but  more   mectuinical, 
abductor  (unction  is  governed  by  the  medulla.     The  abductor  ^j 
movements  are  more  likely  to  be  affected  by  organic  disease,  the^| 
adductor  movements  by  functional  changes.     But  the  distinc- ^^ 
lion  between  the  two  groups  of  muscles  is  not  entirely  due  to  a 
difference  of  central  connections,  since  by  altering  the  strength 
of  the  stimulus  and  the  external  conditions  the  one  or  the  other 
may  be  separately  excited  through  the  inferior  laryngeal  nerve. 
Thus,  strong^stimulation  of  the  inferior  laryngeal  causes  closure] 
otrthe  glottis,  for  although  it  supplies  both  abductors  and  ad- 
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\oc*L  Conns  IN   Paralvses  oi    tiil  Larynx. 


a,  V'aral)-sts  of  both  interior  laryngeal  nerves.  The  vocal  corda  have  taken  up 
the  '  mean  '  position.  6,  Paralysis  of  right  inferior  lar>*neeal  nerve.  An  attempt 
is  being  piade  to  narrow  the  glottis  for  the  utterance  of  sound.  The  right  cord 
remains  in  its  *  mean '  position,  c,  Paralj'sis  of  the  abductor  muscles  only,  on 
both  sides.  The  cords  are  approximated  beyond  the  '  mean '  position  by  the 
action  of  the  adductors. 


ductors,  the  latter,  as  the  stionger  muscles,  prevail.  With  weak 
stimulation,  and  in  young  animals,  the  abductors,  owing  to  the 
greater  excitability  of  the  neuro-muscular  apparatus,  carry  off 
the  victory,  and  the  glottis  Ls  ojwned  (Kussell). 

WTien  the  nerve  is  cooled  the  abductors  give  way  before  the 
adductors.  The  same  is  true  when  it  is  allowed  to  become  diy. 
And  after  death  in  a  cholera  patient  it  was  obsen'cd  that  the 
posterior  crico-arytenoid,  an  abductor  muscle,  was  the  first  of 
the  intrinsic  laryngeal  muscles  to  lose  its  excitability.  Lesions 
of  the  medulla  oblongata  are  often  accompaiiied  by  marked 
changes  in  the  character  of  the  voice  and  the  power  of  articulation. 

Section  or  paralysis  of  the  superior  laryngeal  nerve  causes  the] 
voice  to  become  hoarse,  and  renders  the  sounding  of  high  note« 
an  imjwssibility,  owing  to  the  want  of  power  to  make  the  vc 
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»rds  tense.  Stimulation  of  tlie  vagus  within  the  skull  causes 
contraction  of  the  crico-thyroid  muscle  and  increased  tension  of 
the  cords.  Section  or  parafysis  of  the  inferior  Iaryngea.1  nerves 
leads  to  loss  of  voice  or  aphonia,  imd  dyspncea  (Fig.  no).  Both 
adductor  and  abductor  muscles  are  paralyzed  ;  the  vocal  cords 
assume  their  mean  position — the  position  they  have  in  the  dead 
body — and  the  glottis  can  neither  be  narrowed  to  allow  of  the 
production  of  a  note,  nor  widened  during  inspiration.  It  is  said, 
however,  that  young  animals,  in  which  the  structures  around 
the  glottis  are  more  yielding  than  in  adults,  can  still  utter  shrill 
rics  after  section  of  the  inferior  lar>'ngeals,  the  contraction  of 
le  crico-thyroid  muscle  alone  being  able,  while  increasing  the 
tension  of  the  cords,  to  draw  them  together. 

Interference  with  the  connections  on  one  side  between  the 
higher  cerebral  centres  and  the  medulla  oblcmgata,  as  by  rupture 
of  an  artery  and  effusion  of  blood  mto  the  jwslerior  portion  of 

I  the  internal  cai>sule  (giving  rise  to  hemiplegia,  or  paralysis  of 
pie  opposite  side  of  the  body),  is  not  followed  by  loss  of  voice  ; 
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I.  Tracing  of  the  Respiratory  Movements  in  Man. — Pass  a  tape 
through  the  rings  B  of  the  stcthograph  shown  »n  l-'ig.  lit,  and 
then  around  the  nock  or  over  the  shoulders,  so  as  to  support  the 
instrument  on 
the  chest  at 
a  convenient 
height.  Fasten 
tapes  to  the 
h  oo  ks  and 
tio  them  by 
a  sUp  -  knut 
round  t  !t  l 
chest.  The 
tube  K  is  con- 
nected to  a  re- 
cording tam- 
bour, writing 
on  a  drum. 
Or  use  the 
belt  stetho- 
graphorspiro- 
ph  i>f  Vi\.x. 
194),  fasten- 
ing the  elastic  liitw  round  the  chest  with  the  chain,  and  connecting 
it  with  a  t.^mt>our  or  the  IjcUows  recorder  shown  in  Fig.  114, 
Comp.>ro  the  extent  of  the  excursion  when  the  tube  is  adjusted  at 
different  levels  over  the  thorax  and  fibdomcn. 


Fig.  III. — SrJiTHOr.RApii. 
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2.  Tracing  of  the  Respiratory  Movements  in  Animals. — (a)  Sel 
up  the  arrangement  shown  in  Fig.  ii^,  and  test  whether  it  is  air- 
tight. Have  also  in  readiness  an  induction  machine  and  electrodes 
arranged  for  an  iatcrruptcd  current.  Anesthetize  a  rabbit  with 
cWoral  or  ether  {p.  182),  or  a  small  dog*  with  morphia  and  ether, 
or  A.C.E.  mixture.  Insert  a  cannula  into  the  trachea  (p.  166),  and 
connect  it  with  the  large  bottle  by  a  tube.  Connect  the  bottle 
with  a  recording  tambour  adjusted  to  write  on  a  drum,  and  regulate 
the  amount  of  the  excursion  of  the  lever  by  .slackening  or  lightening 
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Fto.   1 12. — Akramcxment  for   Respiratorv  Tracing. 

Two  glass  tubei  are  inserted  through  a  cork  in  the  mouth  of  the  large  bottle. 
One  of  them  has  a  smnll  Qiece  of  indiarubbcr  tubing  oa  it,  which  is  closed  or 
opened,  as  raay  be  required, 'bv  a  screw-clamp.  The  other  is  connected  by  a 
rubber  tube  with  a  recording  tanilxiur.  The  tuhnlure  at  the  bottom  of  the  bottle 
is  closed  bv  a  cork,  through  which  passes  a  glass  tube,  connected  by  a  rubber 
tube  with  the  tracheal  cannula.  If  no  bottle  with  tiibnlure  is  available,  it  is  only 
necessary  to  pass  through  the  cork,  down  to  the  bottom  of  the  bottle,  a  third 
glass  tube,  which  is  connected  with  the  tracheal  cannula.  While  a  tracing  is  being 
taken  the  animal  breathes  Ihe  air  contained  in  the  bottle.  When  this  becomes 
vitiated  the  respiratory  movements  are  exaggerated  and  a  normal  trnring  is  no 
longer  obtained.  I'or  this  reason  the  tracheal  cannula  must  he  couiirc tod  with  the 
bottle  only  at  thp  moment  when  a  tracing  is  to  be  taken.  The  arrangement  is 
most  suitable  for  a  small  animal. 

the  screw-clamp.     Set  the  drum  off  at  slow  speed,   and  take  a 
tracing. 

(b)  Then  disconnect  the  cannula  from  its  tube.     Dissect  out  the 

•  Ha  large  dog  is  used  the  bottle  should  be  omitted,  the  tracheal  cannula 
|}ciug  connected  with  the  stem  of  a  T-tnbc.  One  end  of  the  linrizontal 
limb  of  the  T-tube  is  connected  witli  the  tamlxnir  ;  the  other  is  providetl 
with  a  rubber  tube,  which  can  be  partially  close*!  bv  a  srrew-clnmp  to 
regulate  the  excursion.  Kther  may  oe  given  when  required  by  connecting 
the  horizontal  limb  of  the  T'tulx:  with  a  bottle  with  two  glass  tubes  in  the 
cork  (p.  1O6). 
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»i;us  in  the  lower  part  of  the  neck,  pass  a  ligature  under  it,  but  do 

»t  lie  it.     Connect  the  cannula  again  with  the  bottle*  and  while  a 

;inR  is  being  taken  Hp;ature  the  va^^us.     Cut  below  the  ligature 

and  stimulate  its  central  end  with  wciik  shocks,  marking  the  time 

of  stimulation  on  the  drum.     Repeat  the  stimulation  with  strong 

shocks,  and  observe  the  results. 

{c)  Apply  a  strong  solution  of  potassium  chloride  with  a  camel's- 

hair  bnish  to  the  central  end  cf  the  vagus  while  a  tracing  is  being 

taken,  and  ob9er\'e  the  effect. 

(d)  Isolate  the  sciatic  nerve  fp.  176),  Ugaturc  it,  and  cut  below  the 
ligature.  Stimulate  its  central  end  while  a  tracing  is  being  taken. 
The  respirator^'  movements  will  bo  increased. 

(e)  Disconnect  the  cannula,  and  isolate  the  vagus  on  the  other 
side.  While  a  tracing  is  being  taken,  divide  it.  The  respiratory 
movements  will  probiibly  at  once  become  deeper  and  less  fre<iuent. 

(/)  Again  disconnect  the  cannula.  Isolate  the  superior  laryngeal 
branch  of  the  vagus.  This  will  be  found  enlering  the  Urynx  at 
the  jMiiut  where  the  laryngeal  horn  of  the  hyQi<l  bone  is  connected 
with  the  thyroid  cartilage.  If  the  finger  is  passed  back  along  the 
upper  tH»rder  of  the  thyroid  cartilage,  tlxis  point  will  easily  l>e  felt. 
I.igdlure  the  nerve,  and  <h\-ide  it  between  the  larynx  and  the 
ligature.  Reconnect  the  cannula. 
Take  a  tracing  first  with  weak, 
and  then  with  strong  stimulation 
of  the  central  end  of  the  sujierior 
laryngeal. 

((f)  Make  an  incision  through  the 

lominal  wall   in   the   linea   alba, 

id  study  the  movements  of    the 

laphrai^ni.     Find  the  nerves  from 

^hich  the  phrenics  take  origin  in  the 

neck.      In  the  dog  they  arise  from 

fifth,  sixth,  and  seventh  cervical 

Divide  the  phrenic  fibres  rn  one  side,  and  observe  that  the 
Inphragm  on  the  corresponding  side  is  now  paralyzed. 
(A)   Insert  a  cannula  into  the  carotid  artery.     While  a  respiratory 
icing  is  being  taken,  allow  blood  to  flow  from  the  artery.    Dyspnoea 
id  exiiggeration  of  the  respiratorv*  movements  will  be  seen  when  a 
isiderable  quantity  of  blood  has  been  lost.     Mark  and  varnish  the 
tracings. 

In  the  whole  of  this  experiment  the  tracheal  cannula  is  to  be  dis- 
inccted,  except  when  the  lever  is  actually  writing  on  the  drum,  in 
ler  that  the  pcrio<l  during  which  the  animal  must  breathe  into  the 
itined  apace  o*  the  bottle  may  be  diminished  as  much  as  possible. 
ttead  01  the  method  described,  the  stethograph  shown  in  I"ig.  1 1 3 
Inay  be  used  to  obtain  respirator^'  tracings  from  animals,  a  br«'kad 
CAnv^s  band  being  put  round  the  animal's  chest.  To  each  end  of 
this  band  is  clamped  with  sufficient  tension  a  strung  thread  (F). 
fastened  to  a  small  metal  disc  on  the  inside  of  the  rubber  dam  dosing 
the  obhquely-cut  ends  of  the  metal  cvUndcr  U.  The  tube  G  is  con- 
nected with  a  tambour  or  with  a  Crilo  bellows  recorder  (F'ig.  1 14). 

V  The  Effect  of  Temperature  on  the  Respiratory  Centre — Heat 
Dyspnoea.  —  Set  up  an  arrangement  for  taking  a  respiratory  tracing  as 
in  2  (footnote,  p.  256).  Anaesthetize  a  dog,  and  fasten  it.  back  down- 
ward, on  a  holder.  Make  an  incision  in  the  middle  line  of  the  neck, 
commencing  a  httlc  below  the  cricoid  cartilage,  and  extending  down 


13. — Stbtiiooraph  (Crili). 
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for  4  or  5  inches.  Insert  a  caanuLa  into  the  trachea.  Isolate  both' 
carotid  arteries  for  as  great  a  distance  as  possible,  and  arrange  them  on 
the  brass  tubes  shown  in  Fig.  1 1  5.    Connect  two  adjiiccnt  ends  of  tlie 

tubes  by  a  short  rubber  tube.  Cxiti- 
iicct  one  of  the  remaining  ends  to  a 
funnel,  supported  on  a  stand,  and 
the  other  to  a  rubber  tube 
hanging  over  the  table 
above  a  large  jar.  Slip 
two  or  three  folds  of  paf>er 
between  the  tubes  and  the  vagus 
nerves.  Heat  two  or  three  htrea 
of  water  to  about  65"  C.  (a)  Now 
connect  the  tracheal  cannula  with 
the  tambour.  As  soon  as  the  tracing 
is  under  way,  let  the  hot  water  nin 
through  the  funnel  and  tubes  into 
the  jar.  Mark  on  the  tracing  the 
point  at  which  the  flow  of  the  hot 
water  was  begun,  and  go  on  passing 
it  until  it  has  produced  an  effect. 
Then  stop  the  drum,  and  circulate 
water  at  the  ordinary  temperature 
till  the  breathing  U  again  normal. 
Then,  while  a  tracing  is  being  taken, 
fiass  ice-cold  water  through  the 
tubes,  and  again  notice  the  effect. 

[b)  Kxpose  the  sciatic.     Pass  ice- 
water  through  the  tubes,  and  while 
a  respiratory  tracing  is  being  taken 
stimulate     its     central    end     with 
induction  shocks  so  weak  as  just  to  cause  an  effect.     Pass  water 
at  air   temperature   through  the  tubes,  and   repeat   the  stimula- 


Ftg.  114. — Bellows  Recorder 
(Crilc). 

B,  a.  lead  tube  coniieclcd  with  the 
smatl  bellows  A,  which  consists  of  a 
light  wooden  base  and  lop.  tn  whirh 
is  cemented  very  flexible  (organ  key) 
leather,  properly  creaited  for  expan- 
sion and  con  traction  ;  C.  vrritinfE  lever. 


tion  with  the  coils  at  the  same  distance. 


Fig.  115. — Arrangkme.nt  for  Heating  or  Cool- 
iiTG  THE  Blood  in  the  Carotid  Arteries. 
A«  cylindrical  portion  of  tube :  B.  flattened 
portion  in  the  groove  between  which  and  A.  the 
artery,  lie?  ;  C.  cross-iection,  showing  the  lumen 
extending  into  B  ;  U.  rubber  tube  attached  to  a 
brass  tube  soldered  into  A.  The  other  end  of  A 
has  a  similar  brass  tube  soldered  Into  it  (not 
shown  in  the  figure).  This  is  connected  by  .1 
rubber  tube  with  a  siinOar  apparatus,  on  which 
the  other  rarotid  lies.  D  is  connected  with  a 
tunnel  containing  hot  or  cold  water  or  with  the 
outflow  tube,  as  the  case  may  be. 

rubber  tutie,  is  fitted 
into  the  neck.  The  bottle  is  fixed  vertically,  mouth  downwards, 
the  glass  tabe  being  closed  for  the  time,  and  graduated  by  pouring  in 


Do  the  same  while  hot 
water  is  being  passed 
through  the  tubes,  and 
compare  the  results. 
Always  allow  the  water 
to  pass  for  a  time  before 
moJdng  an  observation, 
4.  Measurement  of 
Volume  of  Air  inspired 
or  expired^ Vital  Capa- 
city. —  A  spirometer 
(Fig.  QO,  p.  196)1  of 
sufficient  accuracy :  for 
this  experiment  can  be 
made  by  removing  the 
bottom  of  a  large  bottle 
with  a  capacity  of  not 
less  than  4  Utres.  A 
good  cork,  through 
which  passes  a  glass 
tube  connected  with  a 
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^^Biea&urod  quautities  of  water,  say  lOO  c.c.  at  a  time,  and  marking  the 

^Hbvel,     The  divisions  are  then  etched  in.     If  the  cork  docs  not  ht 

^Hor-tight,  it  is  covered  with  wax.     The  bottle  is  swun^  on  two  pulJeys, 

l^^xounterpoiscd  and  immorsed,  bottom  down,  in  a  l.irfic  glass  jar  or  a 

small  cask  nearly  full  of  water.     A  smaller  bottle  may  be  used  for 

the  determination  of  the  tidal  air.  so  as  to  reduce  the  error  of 

reading. 

(i)  Submerge  the  bottle  to  the  stopper,  after  opening  the  pinch- 
cock  on  the  rubber  tube.  Breathe  into  the  bottle,  close  the  cock. 
adjust  the  bottle  so  tliat  the  level  of  the  water  is  the  s;ime  iiiiside  and 
outside,  and  tlion  read  off  the  level.  Determine  the  volume  of  air 
expired  in  : 

(a)  A  normal  expiration  after  a  normal  inspiration  (tidal  air) ; 

(b)  Ttie  greatest  possible  expiration  after  a  normal  inspiration 
(supplemental  air  plus  tidal  air)  ; 

(c)  The  greatest  possible  expiration  after  the  greatest  possible 
inspiration  (vital  capacity). 

I  (2)  Open  the  cock  and  raise  the  bottle  till  it  is  nearly  full  of  air. 

I       Dctermme  the  volume  of  air  inspired  In  : 

(a)  A  normal  inspiration  after  a  normal  expiration  (tidal  air) ; 
^^  \b)  The  greatest   possible  inspiration  after  a  normal  expiration 
^HBOmplemt'utal  air  plus  tidal  air)  : 

^^B  [c)  The  greatest  possible  inspiration  after  the  greatest  possible 
^^pXpiration  (vital  capacity). 
^"^  Make  several  observations  of  each  quantity,  and  take  the  mean. 

(j()  Count  the  rate  of  respiration  for  three  minutes,  keeping  the 
breathing  as  ne-^rly  normal  as  possible  ;  rei^eat  the  observation  ;  and 
from  the  mean  result  and  the  amount  of  the  tidal  air  calcuhite  the 
quantity  of  air  taken  into  the  lungs  in  twentj'-four  hours  (pulmonary 
\-entilation). 

^.  Respiratory  Pressure. —Connect  a  strong  rubber  tube  with  a 

bulb,  and  the  bulb  with  a  mercurial  manometer  pro\-idcd  with  a 

e.     (i)  Fasten  the  tube  with  a  little  cotton-woof  in  one  nostril. 

broiitho  throuRh  the  other  with  closed  mouth,  and   observe   the 

amount  by  which  the  level  of  the  mercury  is  altered  in  ordinary 

piration  and  expiration. 

(2)  Repeat  the  observation  with  forced  breathing,  pinching  the 
be  at  the  height  of  inspiration  and  expiration,  and  reading  off  the 

maximum  inspiratory  and  expiratory  pressure. 

(3)  Repeat  (i)  with  the  tube  connected  to  the  mouth  by  a  glass 
ibe  held  bet^veen  the  lips,  and  the  nostrils  open. 

(4)  RcixMt  (i)  with  the  tube  in  the  mouth  and  nostrils  closed. 
6.  Determination  of  Carbon  Dioxide  and  Oxygen  in  inspired  and 

expired  Air^(i)  Estimation  of  Carbon  Dioxide.-Fill  a  burette  with 
water,  and  close  the  pmchcock  on  the  rubber  tube.  Immoi^e  the 
%vide  end  of  the  burette  m  a  large  vessel  of  water,  and  fill  it  u-ith 
Lrbon  dioxide  by  putting  into  it  below  the  water  a  tube  connected 
'th  a  bottle  in  which  carbon  dioxide  is  being  evolved  by  the  action 
of  hydrochloric  acid  on  marble  chips.  See  that  gas  has  been  coming 
off  freely  from  the  bottle  for  a  little  time  before  the  tube  is  put  under 
the  burette.  Do  not  fill  the  burette  with  gas  beyond  the  graduated 
part.  To  prevent  warmiiit^  the  burette  by  the  luind,  liold  it,  by 
means  of  a  clamp  or  test-tube  holder,  in  the  vertical  position,  its 
mouth  being  still  immersed.  Make  the  level  of  the  water  the  same 
inside  and  outside,  and  read  off  the  meniscus.  Then  introduce  a 
piece  of  stick  sodium  hydr.ite,  close  the  burette  with  a  finger  or  the 
palm  of  the  hand,  lift  it  out  of  the  water,  and  by  a  sort  of  ^lee-saw 
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movement  shake  the  sodium  hydrate  repeatedly  from  end  to  end 
it.      Again  immerso  the  burette,  and  read  the  level  of  the  meniscus* 
Most  of   the   giis   will   lie   absorbed.      Kepeat   the  slia.king.      If 
reading  is  still  tliesamo,  absorption  is  now  complete. 

(j)  Estimation  of  Oxygen  (Analysis  of  inspired  Air). — Fill 
burette  with  the  air  of  the  laboratory.  Open  the  pinchcock,  and 
immerse  the  vnde  end  of  the  burette  till  the  water  reaches  the  graduar 
tion.  Then  close  the  cock,  and  read  off  the  meniscus.  Introduce  a 
piece  of  sodium  hydrate,  and  proceed  as  in  (i).  Notice  that  there 
IS  no  appreciable  absorption.  (This  method  is  not  suitable  for  the 
measurement  of  the  small  quantity  of  carbon  dioxide  in  ordinary 
air.)  Now  introduce,  under  water,  some  pyrogalUc  add.  This  can 
be  done  conveniently  by  wrapping  up  some  of  the  crystals  in  thin 
paper  so  as  to  form  a  kind  of  small  cigarette,  which  is  pushed  up  into 
the  burette.  A  little  more  sodium  hydrate  may  also  be  added,  if  the 
piece  first  introduced  is  entirely  :'issnlved.     Shake  as  described  in  ( i ), 


FtG.  ii6. — Haldang's  Apparatus  roR  Measuring  thk  Quantitv  or  CO,  and 
Aqueous  Vapour  given  off  »y  an  Aniual. 

A.  rhamher  into  which  the  animal  is  put :  i  and  4,  WouUTs  bottles  fiU«d  with 
soda*liine  10  absorb  carbon  dioxide;  3.  3.  and  .^,  Woulffs  bottles  filled  with 
pumice-stone  soaked  in  lulplmrir  acid  tn  absorb  watery  vapoiir  ;  B.  glass  bell-jar 
suspended  in  water,  by  means  of  which  the  negative  pre&stu'e  is  known  ;  P,  water* 
pump  which  sucks  air  through  the  apparatus  :  1  and  2  arc  simply  for  absorbing 
the  carbon  dioxide  and  water  of  the  ingoing  air. 


till  no  more  absorption  takes  place.  Then  read  off  the  meniscus  again 
(always  making  the  level  the  same  inside  and  outside  the  burette). 
The   difference   in   the    two   readings  gives  the  amount  of  oxygen 

r resent.  WTiat  remains  in  the  burette  is  nitrogen  (and  a  little  argon). 
ts  amount  is,  of  course,  equal  to  the  reading  of  the  burette,  plus  the 
capacity  of  the  ungraduated  part  at  the  narrow  end  of  the  ourette, 
wliich  must  t>e  determined  once  for  all  by  a  separate  measurement. 

(3)  Analysis  of  expired  Air. — (a)  Fill  the  spirometer  with  water, 
breathe  into  it  several  times  in  your  ordinary  way,  but  be  careful  not 
to  inspire  any  air  from  the  spirometer  ;  then  fill  the  burette  with  the 
expired  air  from  it.  Or  simply  expire  several  times  through  the 
burette,  seeing  that  none  ot  the  inspir€>d  air  comes  through  it. 
Determine,  as  in  (i)  and  (2),  the  i>ercentage  amount  of  carbon 
dioxide,  oxygen,  and  nitrogen.  (/>)  Rejxjat  {a)  with  air  expired 
after  the  lungs  have  been  thoroughly  ventilated  by  taking  a  number 
of  deep  breaths  in  succession,  and  determine  whether  there  is  any 
difference  in  th''  ixrcontaire  amounts, 

7.  Estimation  of  the  Quantity  of  Water  and  of  Carbon  Dioxide 
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given  off  by  an  Animal  {Haldane*s  Method). — (ij  Connect  the 
apparatus  shown  in  Fig-  1 16  with  the  water-pump.  Allow  a  negative 
pressure  of  5  or  6  inches  of  water  to  be  established  in  it,  as  shown 
by  the  rise  ol  water  in  the  bell-jar  B.  Then  close  the  oi>en  tube  oi 
carbon  dioxide  bottle  1 ,  and  clamp  the  tube  t>etwoen  the  water-pump 
and  the  bell-jar.  If  the  negative  pressure  is  mainUiined.  the  arrange- 
ment is  air-tight.  Now  weigh  bottle  3  and  bottles  4  and  5,  the  last 
two  together.  Place  a  cat  in  the  respiratory  chamber  .\.  connect  the 
chamber  directly  with  the  water-pump,  and  test  whether  it  Is  tight. 
Then  take  the  stopper  out  of  bottle  t,  and  adjust  the  rate  at  which 
air  is  drawn  through  the  apparatus.  Let  the  ventilation  go  on  for  a 
few  minutcf;.  then  insert  bottles  3,  4,  and  5  apain.  Note  thr  lime 
exactly  at  this  point,  and 
alter  an  hour  disconnect  3, 
1,  and  5,  and  again  weif^h. 
The  ditlcrencc  of  the  two 
weighings  of  3  shows  the 
quantity  of  water  given  off 
by  the  animal  in  an  hour; 
the  diiTeroncc  in  the  com- 
bined weight  of  4  and  5.  the 
(juanliiv  of  carbon  dioxide. 
Weigh  ike  cat.  and  calculate 
the  amount  of  water  and  of 
carbon  dioxide  given  otT 
per  Idlo  per  hour. 

(3)  For  the  student  it  is 
re  convenient  to  use 
mailer  animals.  The  mouse 
may  bo  taken  as  an  ex- 
ample of  a  warm-blooded 
animal,  and  tlic  frog  of  a 
cold-blooded.  Instead  of 
the  Woulll's  bottles  use 
wide  test -tubes  connected 
as  in  Fig.  117.  and  for  the 
animal  chaml>cr  a  small 
beaker,  closed  with  a  very 
carefully-fitted  cork  which 
has  been  boiled  in  iiarafhn.  The  inlet  and  outlet  tubes  of  the 
chamber  are  to  bo  introduced  through  this  cork.  The  holes  for 
these  are  to  be  bored  with  the  greatest  care,  and  the  lubes  to  be 
put  in  wliilc  the  cork  is  still  hot  from  boiling  in  uiiraffin.  .\lso  insert 
.1  thrrmomctcr  about  d  inches  long  registering  (mm  o"  C.  to  45"  C. 
Mf>drlUTr's  wax  is  tube  used  finally  to  render  alt  the  junctions  air-tight. 
Add  to  the  series  of  lubes  described  in  the  apparatus  a  single  tube 
rntaining  baryta-water.  This  is  placed  to  the  left  of  tulx:  5,  and 
arranged  that  the  air-current  bubnlcs  through  the  water.  As  long 
le  absorption  of  carbon  dioxide  is  complete,  the  baryta-water 
cleAT.  Ftevond  this  a  water-botile  should  Ije  placed  to  act 
live  and  to  indicate  the  negative  pressure  in  the  apparatus. 
bo  most  simpiv  constructed  by  using  a  cyhnder  ol  stout  g1:iss 
tubing  in  a  widc-mnuthcd  bottle  cmitaining  iomc  wiiter,  the  inlet  and 
outlet  tubes  p.isainji^  through  a  paraflined  c<irk  which  seats  the  up|>ci 
end  of  the  cyhnder. 

Before  making  .^n  observation,  test  whether  the  apparatus  i« 
[ht,  as  explained  above,   after  introducing  the  animal  \a* 


Fig-  II7-- 


■Absorption  Tudks  for  CO,  akd 

MOTSTURB. 


A.  soda-lime  tube  :  B.  sulphuric  add  tube  : 
C»  wuudeu  frame,  in  which  A  and  B  ^re  »iip* 
ported  by  wires  d  .-  b,  wire  hook,  which  grips 
the  glass  tub«  firmly,  aod  by  ineaos  of  which 
Ihr  tHb»  are  lifted  out  of  the  ftame  in  order 
to  t>e  woJKhcd  ;  a.  short  piece  of  glass  tubiUR, 
by  taking  out  which  the  absorption  tubes  are 
disconnected  from  the  rest  of  the  apparatus  : 
€,  glass  tube  going  off  to  animal  chamber. 
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chamber,  sealing  the  latter  with  wax,  and  connecting  it  with  t 
absorption  tubes.  But  a  negative  pressure  of  i  or  3  inches  of  wati 
is  a  sufl&cient  test  for  the  small  apparatus. 

To  make  an  observation,  set  the  air-current  going  at  the  desired 
rate.  A!low  it  to  mn  lor  a  few  minutes  tiU  the  carbon  dioxide,  which 
has  accuiinilated  durinii  the  testings  luis  been  swept  out.  At  a  time 
which  has  been  decided  un  and  noted,  stop  the  current  by  discon- 
necting the  water-pump.  Disconnect  and  stopper  up  the  animal 
chamber,  and  weigh  it  as  quickly  as  possible.  Connect  up  again, 
using  only  recently- weighed  absorption-tubes,  and  finally  connect 
with  the  water-pump  and  allow  the  current  to  pass  for  a  definite 
period,  say  an  hour. 

The  soda-lime  should  not  be  too  dr\',  or  absorption  is  not  suffi- 
ciently rapid.     The  following  facts  are  made  out  in  the  observation  : 

{a)  The  loss  of  weight  by  the  animal  chamber  {chiefly  loss  by  the 
animal),  (b)  The  ^ain  of  the  sulphuric  acid  tube  in  water,  (c)  The 
gain  of  the  soda-lime  tubes  in  caroon  dioxide. 

If  we  compare  total  loss  and  total  gain,  we  find  that  they  do  not 
correspond,  the  gain  being  always  greater  than  the  loss.  The  surplus 
can  only  be  oxygen  which  has  b«^n  absorbed  by  the  animal  and  added 
to  the  hydrogen  and  cnrlxsn  of  its  substance  to  form  water  and  carbon 
dioxide.     Calculate  the  respiratorv'  quotient  (p.  21.5). 

K.  Muscular  Contraction  in  the  absence  of  Free  Oxygen  (sec 
p.  :;3i).  (11  Pith  a  frog  (brain  and  cord).  Cut  ofi  one  hind-leg 
at  the  middle  of  the  thigh,  and  strip  the  skin  from  it.  Pass  a 
thread  under  the  tcndo  AchilUs.  tic  it.  and  divide  the  tendon  below 
it.  Free  the  tendon  and  the  gastrocnemius  muscle  from  the  loose 
connective  tissue  lying  between  them  and  the  bones  of  the  leg,  and 
divide  the  latter  just  btlow  the  knee.  Keniovc  superfluous  thigh 
muscles,  and  fasten  the  gastrocnemius  in  a  moist  chamber  by  means 
of  the  femur.  Attach  the  thread  on  the  tendon  to  a  lever.  Connect 
the  poles  of  the  secondar\'  coil  of  an  induction  machine  by  fine  copper 
wires  to  the  femur  and  the  tendon.  Put  a  battcr>'  and  simple  key  in 
the  primar)',  and  arrange  it  for  single  shocks.  Stimulate  the  muscle 
and  observe  the  height  of  the  contraction.  Now  pass  into  the  chamber 
a  current  of  hydrogen  gas  from  a  bottle  containing  granulated  zinc, 
upon  which  a  little  dilute  sulphuric  acid  is  poured  from  time  to 
time.  The  air  in  the  moist  chamber  will  soon  be  entirely  displaced 
by  the  hydrogen.  Nevertheless,  the  muscle  will  contract  on  being 
stimulated  as  before,  and  the  stimulation  can  be  repeated  many  times. 

9.  Oxidising  Ferments. — Wash  out  the  bloodvessels  of  a  dog  or 
rabbit  (Practical  Exercises,  p.  49).  Chop  up  finely  portions  of 
pancreas,  spleen,  muscle,  lungs,  and  kidney,  keeping  each  separate, 
and  avoiding  any  contamination  of  one  by  another.  Grind  up  half 
of  each  portion  with  sand  in  a  small  mortar,  and  extract  with  a  small 
quantity  of  water,  keeping  all  the  extracts  separate.  Into  each  of 
eleven  test-tubes  put  lo  c.c.  of  a  colourless  dilute  alkaline  solution  of 
paraphenylencdiamin  and  a-naphthol  (freshly  made  by  mixing  solu- 
tions of  the  two  substances  in  cquimolecular  proportions*  and  adding 
a  little  sodium  carbonate).  To  five  of  the  tubes  add  the  chopped 
organs,  to  five  the  watery  extracts  of  the  organs,  and  enough  water 
to  make  the  volume  equal  in  all  the  tubes.  To  the  remaining  tube 
add  the  same  amount  of  water.  Observe  in  which  tube  a  change  ol 
colour  takes  place  (p.  234). 


*  /.r.,  the  weight  of  each  of  the 

proportional  to  its  moleculai  weigfat. 


two  substances  in  the  mixture  should  be 
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In  the  last  chapter  we  have  described  the  manner  in  which  the 
interchange  of  gases  between  the  tissues  and  the  air  is  carried 
out.  We  have  now  to  consider  the  digestion  and  absorption  of 
the  sohd  and  Hquid  food,  its  further  fate  in  relation  to  the 
chemical  changes  or  nietabohsm  of  the  tissues,  and  finally  the 
excretion  of  the  waste  products  by  other  channels  than  the 
lungs. 

Logically,  we  ought  to  take  metalwlism  after  absorption  and 
before  excretion,  tracing  the  food  through  all  its  vicissitudes 
from  the  moment  when  it  enters  the  blood  or  lymph  till  it  is 
cast  out  as  useless  matter  by  the  various  excretory  organs. 
Unfortunately,  however,  the  steps  of  the  process  are  as  yet 
almost  entirely  hidden  from  us  ;  we  know  only  the  beginning 
and  the  end.  We  can  follow  the  food  from  the  time  it  enters 
the  alimentary  canal  till  it  is  taken  up  by  the  tissues  of  absorp- 
tion ;  and  we  have  really  a  fair  knowledge  of  this  part  of  its 
course.  We  can  collect  the  end  products  as  they  escape  in  the 
urine,  or  in  the  breath,  or  in  the  sweat ;  and  our  knowledge  of 
them  and  of  the  manner  in  which  they  are  excreted  is  consider- 
able. But  of  the  wonderful  pathway  by  which  the  dead  mole- 
cules of  the  food  mount  uj5  into  life,  and  then  descend  again  into 
death,  we  catch  only  a  glimpse  here  and  there.  Only  the  mtro- 
duction  and  the  conclusion  of  the  story  of  metabolism  are  at 
present  in  our  possession  in  fairly  continuous  and  legible  form. 
We  will  read  these  before  we  try  to  decipher  the  handful  of  torn 

ves  which  represents  the  rest. 


Comparative. — In  the  lowest  kinds  of  animals,  such  as  tho  Amoeba, 
there  is  neither  mouth,  nor  alimentary  canal,  nor  anus :  tho  food, 
uTiippcd  round  by  pscudopodia,  is  taken  in  at  any  part  of  the  animal 
with  which  it  happens  to  come  in  contact.  \  vacuole  is  formed 
around  it.  Acid  is  secreted  into  the  vacuole,  the  foo<l  is  digested 
within  the  ccl!-sub:itancc.  and  the  part  of  it  which  i.i  useless  for  nutri- 
ion  is  caal  out  again  at  any  part  of  the  suHacc. 

Coming  a  Ultlo  higher,  \vc  find  in  the  Ca^lentcratcs  a  mouth  and 
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alimentary  tube,  which  opens  into  the  body-cavity,  where  a  certai 
amount  of  digestion  seems  to  take  place,  and  from  which  the  food  is 
absorbed  either  through  the  cells  oi  the  endodcrm.  or,  as  in  Medusa, 
by  means  of  fine  canals,  which  radiate  from  the  body-caWty  into  its 
walls,  and  form  part  of  the  so-called  gastro -vascular  system.  In  the 
Echinodermata  we  have  a  further  development,  a  complete  alimen- 
tary canal  with  mouth  and  anus,  and  entirely  shut  off  from  the  body- 
cavity.  In  many  Arthropods  it  is  possible  already  to  distinguish 
parts  corresponding  to  the  stomach,  and  the  small  and  large  intes- 
tines of  hi;::her  forms,  the  digestive  glands  being  represented  by 
organs  which  in  some  groups  seem  to  be  homologous  with  the  liver, 
and  in  others  with  the  salivary  glands  of  the  higher  Vertebrates.  A 
few  Molluscs  seem  in  addition  to  possess  a  pancreas. 

AmoTiK  Vertebrates  fishes  have  the  simplest,  and  birds  and 
mammals  the  most  complicated,  alimuntary  svstem.  In  the  lowest 
fishes  the  stomach  is  only  indicated  by  a  slight  wideiiiug  of  tlio 
anterior  part  of  the  digestive  tube.  In  water-living  Vertebrates  there 
are  no  salivary  glands.  In  birds  the  oesophagus  is  generally  dilated 
to  form  a  crop.  froTii  whicli  the  food  passes  into  a  stomacli  consisting 
of  two  parts,  one  prr-cminently  glandular  (proventriculus),  the  other 
pre-eminently  muscular  (ventricuhis).  Among  mammals  a  twofold 
division  of  the  stomach  is  distinctly  indicated  in  rodents  and  cctaceae, 
but  this  organ  roaches  its  greatest  complexity'  in  ruminants,  which 
possess  no  fewer  than  four  gastric  pouches.  The  differentiation  o£ 
the  intestine  into  small  and  large  intestine  and  rectum  is  more 
distinct,  both  anatomically  and  functionally,  in  mammals  tlian  in 
lower  forms  ;  but  there  are  marked  differences  between  the  various 
mammalian  goups  both  in  the  relative  sixe  of  the  several  jxirts  of 
the  digestive  tube,  and  in  the  proportion  between  the  total  length  of 
the  alimentary  canal  and  the  length  of  the  body.  In  general,  the 
canal  is  longest  in  hcrbivora.  shortest  in  carnivora.  Thus,  the  ratio 
between  length  of  body  and  length  of  intestine  is  in  the  cat  i  :  4, 
dog  1  :  6,  man  i  :  5  or  6,  horse  1:12,  cow  i  :  jo,  sheep  1  :  27.  The 
relative  capacity-  of  the  stomach,  small  intestine,  and  large  intestine, 
is  in  the  dog  6:2:  1*5,  in  the  horse  i  :  3"5  :  7,  in  the  cow  7:2:  i. 
The  area  of  the  mucous  surface  of  the  alimentary  canal  is  very*  con- 
siderable, in  the  dog  more  than  half  that  ol  the  skin,  the  surrace  of 
the  small  intestine  being  three  times  that  of  the  stomach  and  four 
times  that  of  the  large  intestine.  In  the  hor:>e  the  mucous  surface 
has  twice  the  area  of  the  skin. 

Anatomy  of  the  Alimentary  Canal  in  Man.^ — The  alimentary  canal 
is  a  muscular  tube,  which,  beginning  at  the  mouth,  runs  under  the 
various  names  of  phar\'nx,  a'sophiigus,  stomach,  sniall  intestine,  large 
intestine,  and  rectum,  till  it  ends  at  the  anus.  Its  walls  are  largely 
composed  of  muscular  fibres  ;  its  lumen  is  clad  with  epithelium,  and 
into  it  open  the  ducts  of  glards,  which,  morphologicHlIy  speaking, 
are  involutions  or  diverticula  formed  in  its  course.  In  \Trtue  of  its 
muscular  fibres  it  is  a  contractile  tube  ;  in  virtue  of  its  epitheUal 
hning  and  its  special  glands  it  is  a  secreting  tube  ;  in  \Hrtuf  of  both 
it  is  fitted  to  perform  those  mechanical  and  chemical  actions  upon 
the  food  whicli  arc  necessary  for  digestion.  Its  inner  surface  is  in 
most  parts  riclUy  supplied  with  bUxxl vessels,  and  in  snecial  regions 
beset  with  ijeculiarly-arranged  lymphatics :  bv  both  of  tlicje  channels 
the  alimentary  tube  performs  its  function  of  ah$orf>tion.  From  the 
Ix^ginnmg  of  the  cvsophagus  to  the  end  of  the  rectum  the  niuscti/ar 
wail  consists,  broadly  speaking,  of  an  outer  coat  of  longitudinally- 
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aiTangod  fibres,  and  a  thicker  inner  coal  of  fibres  running  circularly 
or  transversely  aroiind  the  lube.  Between  the  layers  lies  a  jilexus 
of  non-medullatcd  nerves  and  nerve-cclls(Auerbach  s  plexus).  In  the 
stomach  the  longitudinal  fibres  are  found  only  on  the  two  curvatures, 
and  a  third  incomplete  cnat  of  oblique  fibres  makes  its  appearance 
internal  to  the  circular  layer.  In  the  large  intestine,  a^iiin.  the 
longitudinal  fibres  arc  chicfiy  collected  into  three  isolated  strands. 
In  the  pharynx  the  typical  arrangement  is  departed  from,  inasmuch 
as  there  is  no  rcgxilar  longitudinal  layer  ;  but  the  three  constrictor 
muscles  represent  to  a  certain  extent  the  g/eat  circular  coal.  The 
muscles  of  the  mouth  and  of  the  pharynx  are  of  the  striped  variety. 
So  is  the  muscle  of  the  upper  halt  of  the  nesophagus  in  man  and  the 
cat.  ami  of  the  whole  a'sophagus  in  the  dog  and  the  rabbit.  In  the 
TQSt  of  the  alimentary  canal  the  muscle  is  smooth,  except  at  the  very 
end,  where  the  external  sphincter  ol  the  anus  is  striiircl.  In  certain 
situations  the  circular  coat  is  develo[x;d  into  a  regular  anatomical 
sphincter,  a  definite  muscular  ring,  whose  function  it  is  to  shut  one 
part  ol  the  tube  olf  from  another  (sphincter  pylori),  or  to  help  to 
close  the  external  oi)ening  of  the  tube  (uitemal  sphincter  of  anus). 
Elsewhere  a  tonic  contraction  of  a  iwrtion  of  the  circular  coat, 
not  anatomically  dcveUijx'd  beyond  the  rest,  creates  a  functional 
sphincter  (cardiac  sphincter  of  stomach). 

Throughout  the  greater  part  of  the  digestive  tract  the  peritoneum 
forms  A  thin  serous  layer,  external  to  the  muscular  coat.  Internally 
the  muscular  coat  is  sejiarated  from  the  mucous  membrane,  the  hning 
of  the  canal,  bv  some  loose  areolar  tissue  containing  bloodvessels, 
lympliatics,  and  nerves  (Meissner's  plexus),  and  called  the  submucous 
coat.  Between  the  mucous  and  submucous  layers,  but  belonging  to 
ttic  former,  m  the  whole  canal  below  the  bcgitming  of  the  CL'sophagus. 
is  a  thin  coat  of  smx^th  muscular  fibres,  the  muscularia  mucos<e,  con- 
sisting in  some  parts,  c.jf..  in  the  stomach,  of  two,  or  even  throe, 
layers.  Between  this  and  the  lumen  of  the  canal  lie  the  ducts  and 
alveoli  of  glands,  surrounded  by  bloodvessels  and  embedded  in 
adenoid  or  lymphoid  tissue,  which  in  i>articular  regions  is  ccUected 
into  well-defined  masses  (solitary  follicles.  Peycr's  patches,  tonsils)* 
extending,  it  muy  be.  into  the  submucous  tissue.  In  the  mouth, 
pharynx,  and  wsophagus,  the  glands  lie  in  the  submucosa.  as  do  the 
gbnds  of  Brunner  in  the  duodenum  ;  everywhere  else  they  arc  con- 
fined to  the  mucous  membrane  proper.  Between  the  oix»nmgs  of 
the  glands  the  mucous  membrane  is  hned  with  a  single  layer  of 
columnar  epithelial  cells,  sometimes  (in  the  small  intestine)  arranged 
along  the  sides  of  tiny  projections  or  villi.  At  the  ends  of  the  alimen- 
tary canal,  viz..  in  the  mouth,  pharynx,  and  rtsophagus,  and  at  the 
anus,  the  epitheUum  is  stratified  squamous,  and  not  columnar. 

Tlie  purpose  of  food  is  to  supply  the  waste  of  the  tissues  and 
to  maintain  the  normal  composition  oi  the  body.  In  tin.*  Inxly 
wc  find  a  multittuie  of  substances  marked  off  from  each  other, 
sonic  by  the  sharpest  chemical  differences,  others  by  characters 
much  less  distinct,  but  falling  uixin  the  whole  into  a  few  fairly 
definite  groui>s.  Thus,  there  are  bodies  like  scrum-albumin, 
scrum -globulin,  myosin,  and  so  on,  which  are  so  much  alike  that 
they  can  all  he  jilaced  in  one  great  class,  as  protcid$.  Then  we 
havo  substances  bkc  glycogen  and  dextrose,  vastly  simpler  in 
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their  composition,  and  belonging  to  the  group  of  carbo-hydrales. 
Tlien,  again,  fats  of  various  kinds  are  widely  distributed  in  normal 
animal  bodies  ;  and  inorganic  materials  (water  and  salts)  are 
never  absents 

Now,  although  it  is  by  no  means  necessary  that  a  substance 
in  the  IxKly  belonging  to  one  of  these  great  groups  should  be 
derived  from  a  substance  of  the  same  group  in  the  food,  it  has 
lx;en  found  that  no  diet  is  sufficient  for  man  unless  it  contains 
representatives  of  all ;  a  pro]>er  diet  must  include  proteids,  carbo- 
hydrates, fats,  inorganic  salts  and  water.  Ttiese  proximate 
principles  have  to  be  obtained  from  the  raw  material  of  the 
food-stuffs  ;  it  is  the  business  of  digestion  to  sift  them  out  and 
to  ]>repare  them  for  absorption.  This  pre|>aration  is  partly 
mechanical,  partly  chemical. 

The  water  and  salts  and  some  carbo-hydrates,  such  as  dextrose, 
are  ready  for  absorption  without  change.  Fats  may  be,  to  a 
small  extent,  only  mechanically  altered,  but  are  mainly  split 
into  glycerine  and  fatty  acids  before  absoq)tion.  Indrffusible 
carlx>-liydrates,  like  starch  and  dextrin,  are  changed  into  dif- 
fusible sugar,  and  the  natural  proteids  into  diffusible  peptones, 
and  even  in  part  into  much  simpler  decomposition  products. 
Mechanical  division  of  the  food  is  an  important  aid  to  the  chemical 
action  of  the  digestive  juices.  We  shall  see  that  this  mechanical 
division  fonns  a  great  part  of  the  work  of  the  stomach,  but  it  is 
normally  begun  in  the  mouth,  and  it  is  of  consequence  that  this 
^  preliminary  stage  should  be  properly  performed. 


I.  The  Mechanical  Phenomena  of  Digestion. 

Mastication. — It  is  among  the  mammalia  that  regular  masti< 
cation  of  the  food  first  makes  its  ai>jKarance  as  an  important 
aid  to  digestion.  The  amphibian  bolts  its  fly,  the  bird  its  grain, 
and  the  fish  its  brother,  without  the  ceremony  of  chewing.  In 
ruminating  mammals  we  see  mastication  carried  to  its  highest 
point ;  the  teeth  work  all  day  long,  and  most  of  them  are 
specially  adapted  for  grinding  the  food.  The  camivora  sj'>end 
but  a  short  time  in  mastication  ;  their  tt-etli  are  in  general 
adapted  rather  for  tearing  and  cuttmg  than  for  grinding.  Where 
the  diet  is  partly  animal  and  partly  vegetable,  as  in  man,  the 
teeth  are  fitted  for  all  kinds  of  work  ;  and  the  process  of  mastica- 
tion is  in  general  neither  so  long  as  m  the  purely  vegetable  feeders, 
nor  so  short  as  in  the  camivora. 

In  man  there  are  two  sets  of  teeth  :  the  temporary  or  milk 
teeth,  and  the  permanent  teeth.  The  milk  teeth  are  twenty 
in  number,  and  consist  on  each  side  of  four  incisors  or  cutting- 
teeth,  two  canines  or  tearing- teeth,  and  four  molars  or  grinding- 


I 


DIGEST/ON 


«67 


I 


teeth.  The  central  incisors  emerge  at  the  seventh  month  from 
birth,  the  other  incisi^rs  at  the  ninth  month,  the  canines  at  the 
eighteenth,  and  the  molars  at  the  twelfth  and  twenty-fourth 
month  respectively.  Each  tooth  in  the  lower  jaw  appears  a 
little  before  the  corres|X)nding  one  in  the  upi^er  jaw.  Each  of 
the  milk-teeth  is  in  course  of  time  replaced  by  a  ]>ermanent 
tooth,  and  in  addition  the  vacant  portion  of  the  gums  behind 
the  milk  set  is  now  filled  up  by  twelve  teeth,  six  on  each  aide, 
three  above  and  three  below.  These  twelve  are  the  permanent 
molars  ;  they  raise  the  number  of  the  permanent  teeth  to  thirty- 
two.  The  permanent  teeth  which  occupy  the  position  of  the 
milk  molars  now  receive  the  name  of  premolars.  The  first  tooth 
of  the  j>ennanent  set  (the  first  true  molar)  appears  at  the  age 
of  6J  years ;  the  last  molar,  or  wisdom-tooth,  does  not  emerge 
till  the  seventeenth  to  the  twenty-fifth  year. 

In  mastication  the  lower  jaw  is  moved  up  and  down,  so  as  to 
alternately  separate  and  approximate  the  two  rows  of  teeth.  It 
has  also  a  certain  amount  of  movement  from  side  to  side,  and 
from  front  to  back.  The  masseter,  temjxjral  and  internal  ptery- 
goid muscles  raise,  and  the  digastric,  with  the  assistance  of  tlic 
mylo-  and  genio-hyoid,  depresses,  the  lower  jaw,  hut  its  down- 
ward movement  is  mainly  a  passive  one.  The  external  ptery- 
goids pull  it  forward  when  both  contract,  forward  and  to  one  side 
when  only  one  contracts.  The  lower  fibres  of  the  temporal  muscle 
retract  the  jaw.  The  buccinator  and  orbicularis  oos  muscles 
prevent  the  food  from  passing  between  the  teeth  and  the  cheeks 
and  lips.  The  tongue  keeps  the  food  in  motion,  works  it  up  with 
the  saliva,  and  finally  gathers  it  into  a  bolus  ready  for  deglutition. 

Deglutition. — This  act  consists  of  a  voluntary  and  an  involun- 
tary stage.  Just  before  the  beginning  of  the  voluntary  stage 
mastication  is  suspended,  and  a  slight  contraction  of  the  dia- 
phragm generally  takes  place.  The  anterior  part  of  the  tongue 
is  suddenly  elevated  and  pressed  against  the  hard  palate,  and  the 
elevation  travels  back  from  the  tip  towards  the  root,  as  the  mylo- 
hyoid muscles  in  the  fioor  of  the  mouth  contract  shaqily,  so  as 
to  thnist  the  bolus  through  the  isthmus  of  the  fauces.  As  soon 
as  this  happened  and  the  food  has  reached  the  posterior  portion 
of  the  tongue,  it  has  passed  beyond  the  control  of  the  will,  and 
the  second  or  involuntary  stage  of  the  process  begins. 

This  stage  may  be  divided  into  two  parts  :  (i)  Phar>'ngeal, 
(2)  oesophageal — both  being  reflex  acts.  During  the  first  the 
food  has  to  i>ass  through  the  pharynx,  the  upper  portion  of  which 
forms  a  part  of  the  respiratory  tract,  and  is  in  free  communication 
with  the  larynx  during  ordinary  breathing.  It  is  therefore 
necessar\'  that  reripinition  should  hv  interrupted  and  the  larynx 
closed  while  the  food  is  being  moved  through  the  pharynx.     B| 
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that  the  intemiption  may  be  short,  the  food  must  he  rapidly 
])assed  over  this  perilous  portion  of  its  descent.  The  main  pro- 
pelhng  force  ujider  which  the  bolus  is  shot  through  the  back  of  the 
pharynx  is  derived  from  the  contraction  of  the  mylo-hyoid 
muscles  ah-eady  mentioned,  assisted  to  some  extent  by  the  stylo- 
and  palato-glossi  ;  and  that  none  of  the  purchase  may  be  lost, 
the  pharyngeal  cavity  is  cut  oft  from  the  nose  and  mouth  as  soon 
as  the  bolus  has  entered  it.  The  soft  palate  is  raised  by  the 
levator  palati  and  palato-pharyn^ei  muscles  ;  at  the  same  time 
the  upper  part  of  the  phar^Tix,  narrowed  by  the  contraction  of  the 
superior  constrictor,  comes  forward  to  meet  the  soft  palate, 
closes  in  upon  it,  and  so  prevents  the  food  from  passing  into  the 
nasal  cavities.  The  pharynx  is  cut  off  from  the  mouth  by  the 
closure  of  tlie  fauces  through  the  contraction  of  the  palato- 
pharyngeal musck^s  which  he  in  their  iwjsterior  pillars.  The 
up]>er  free  end  of  the  epij^lottis  {the  so-called  pharyngeal  part) 
aids  the  back  of  the  tongue  in  completing  a  movable  partition 
across  the  pharynx,  which  keeps  close  to  the  bolus  as  it  passes 
down  between  the  posterior  surface  of  the  epiglottis  and  the 
posterior  wall  of  the  pharynx.  Almost  immediately  after  the 
contraction  of  the  mylo-hyoids  the  larynx  is  pulled  upwards  and 
forwards  by  the  contraction  of  the  thyro-hyoid  muscle,  and  the 
elevation  of  the  hyoid  bone  by  the  muscles  which  connect  it  to  the 
lower  jaw.  Tlie  base  of  the  tongue  is  simultaneously  drawn  back- 
wards by  the  stylo-  and  palato-ylossus.  The  lower  or  laryngeal 
jMjrtion  of  the  epiglottis  is  thus  caused  to  come  into  contact 
with  the  upper  orifice  of  the  larynx,  occluding  it  completely,  but 
the  pharyngeal  ix>rtion  projects  beyond  the  larynx,  and  takes  no 
share  in  its  closure  (Eykman).  The  glottis  is  closed  by  the  ap- 
proximation of  the  vocal  cords  and  the  arytenoid  cartilages. 
The  epiglottis,  however,  is  not  absolutely  indispensable  for 
closing  the  larynx,  since  sw;dlowing  proceeds  in  the  ordinary  way 
when  it  is  absent.  The  morsel  of  food,  grasped  by  the  middle  and 
lower  constrictors  as  it  leaves  the  back  of  the  tongue,  passes 
rapidly  and  safely  over  the  closed  larynx,  the  process  being  accele- 
rated by  the  pulling  up  of  the  lower  portion  of  the  pharynx  over 
the  bolus  by  the  action  of  the  palato-  and  stylo-pharyngei. 

The  second  or  (esophageal  ])ortion  of  (he  invi»luj»tary  stage  is  a 
more  leisurely  (>erformance.  The  bolus  is  carried  along  by  a 
(peculiar  contraction  of  the  muscular  wall  of  the  oesophagus,  which 
travels  down  as  a  wave,  pushing  the  food  l>efore  it.  When  the 
food  reaches  the  lower  end  of  the  gullet  the  tonic  contraction  of 
that  part  of  the  lube  is  for  a  moment  relaxed  by  reflex  inhibilion, 
and  the  morsel  passes  into  tJie  stomach.  Beaumont  saw,  in  the 
case  of  St.  Martin,  that  the  esophageal  orifice  of  the  stomach 
contracted  hrmly  after  each  morstil  was  swallowed,  and  so  did 
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ttric  walls  in  the  ntnghbourhood  of  the  fistula  when  food 
was  introfliirecl  by  this  ojM^ning.  In  the  dog  the  whole  jirocess 
of  swallowing  from  mouth  to  stomach  has  been  shown  to  occupy 
four  to  five  seconds,  but  the  time  is  by  no  means  constant.  The 
rate  of  movement  is  greater  in  the  upper  than  in  the  lower  portion 
of  the  oesophagus. 

Such  is  the  mechanism  of  deglutition  when  the  lx»lus  is  of  such 
consistence  and  size  that  it  actually  distends  the  oesophagus. 
But  it  has  been  shown  that  liquid  food  is  swallowed  in  a  different 
way.  The  food  lying  on  the  dorsum  of  the  tongue,  suddenly  put 
under  pressure  by  the  sharp  contraction  of  themylo-hyoid  muscles, 
is  shot  rapidly  down  to  the  lower  part  of  the  lax  oesophagus, 
or.  occasionally,  some  of  it  even  into  the  stomach.  So  far  the 
procc!^s  has  only  occupied  one-tenth  of  a  second.  After  several 
seconds,  the  food,  or  the  jwrtion  which  still  remains  in  the 
cesophagus,  is  forced  through  the  cardiac  sphincter  into  the 
stomach  by  the  arrival  of  the  tardy  ^»eristaltic  contraction  of 
the  rrsophageal  wall  (Kroneckcr  and  Meltzer;.  Two  sounds  may 
be  heard  in  man  on  listening  in  the  region  of  the  stomach  or 
cesophagus  durmg  deglutition  of  liquids,  especially  when,  as 
generally  hapix;ns,  they  are  mixed  with  air.  The  first  sound 
occurs  at  once,  and  is  due  to  the  sudden  squirt  of  the  liquid  along 
the  gullet  :  the  second,  which  is  heard  after  a  distinct  interval 

ibout  six  seconds),  is  caused  by  the  forcing  of  the  fluid  through  the 
liac  orifice  of  the  stomach  by  the  contraction  of  the  (esophagus. 

There  are  certain  remarkable  i>eculiarities  which  distinguish 
this  peristaltic  movement  of  the  oesophagus  from  that  of  other 
parts  of  the  alimentary  canal.  It  is  far  more  closely  related  to  the 
central  nervous  system,  and,  unlike  the  peristaltic  contraction  of 
the  intestine,  can  pass  over  any  muscular  block  caused  by 
ligature,  section,  or  crushing,  so  long  as  the  nervous  connections 
are  intact.  But  division  of  the  trsophageal  nerves  causes,  as  a 
rule,  stoppage  of  oesophageal  movements  ;  although  an  excised 
portion  of  the  tube  retains  its  vitality  for  a  long  time,  and  may, 
under  certain  circumstances,  go  on  contracting  in  the  character- 
istic way  after  removal  from  the  body.  Again,  the  peristaltic 
wave  when  artificially  excited  seems  alwa^'s  under  normal  con- 
ditions to  travel  down  the  a-sophagus,  never  to  spread  upwards 
or  in  both  directions,  as  may  happen,  at  any  rate,  in  the  large 
intestine.  Stimulation  of  the  mucous  membrane  of  the  pharynx 
will  cause  reflex  movements  of  the  cesophagus,  while  stimulation 
of  its  own  mucous  membrane  is  ineffective.  From  these  facts  we 
learn  that  although  the  muscle  of  the  cesoj)hagus  may  possess  a 
feeble  {X)wer  of  spontaneous  peristaltic  contraction,  yet  this  is 
usually  in  abeyance,  or  at  least  overmastered  by  nen-'ous  control ; 
so  that  impulses,  passing  from  a  nerve-centre  and  travelling  down 
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in  regular  progression  along  the  oesophageal  nerves,  excite  the 

upi^er 


muscular  fibres  in  succession  from  the 


to  the  lower  end  of 


the  tube. 

Nervous  Mechanism  of  Deglutition. — The  centre  for  the 
whole  involunlary  stage  (both  jiharynf^eal  and  oesophageal)  lies 
in  tlie  upper  part  of  tlie  medulla  oblongata.  When  the  brain  is 
sliced  away  above  the  medulla,  deglutition  is  not  affected;  but 
if  tlie  upper  part  of  the  medulla  is  removed,  the  power  of 
swallowing  is  abolished.  In  man,  disease  of  the  spinal  bulb  inter- 
feres far  more  with  deglutition  than  disease  of  the  brain  proper. 

Normally,  the  afferent  impulses  to  the  centre  are  set  up  by  the 
contact  of  food  or  saliva  with  the  mucous  membrane  of  the  pos- 
terior part  of  the  tongue,  the  soft  palate  and  the  iauces,  the 
nerve-channels  being  the  superior  laryngeal,  the  pharyngeal 
branches  of  the  vagus,  and  the  jialatal  branches  of  tlte  hfth 
nerve.*  A  feather  has  sometimes  been  swallowed  involuntarily 
by  a  reflex  movement  of  deglutition  set  up  while  the  soft  palate 
or  pharynx  was  being  tickled  to  produce  vomiting.  Artificial 
stimulation  of  the  central  end  of  the  supt'dor  larv'ngeal  will 
cause  the  movements  of  deglutition  independently  of  tlie  presence 
of  food  or  liquid  :  but  if  the  central  end  of  the  glosso-pharyngeal 
nerve  be  stimulated  at  the  same  time,  the  movements  do  not 
occur.  The  glosso-pharyngeal  is  therefore  able  to  inhibit  the 
deglutition  centre,  and  it  is  owing  to  the  action  of  this  nerve 
that  in  a  series  of  efforts  at  swallowing,  repeated  within  less  than 
a  certain  short  interval  (about  a  second),  only  the  last  is  success- 
ful. It  is  also  through  the  glosso-pharyngeal  nerve  that  the 
respiratory  movements  are  inhibited  during  deglutition.  When 
(he  central  end  of  this  nerve  is  stimulated,  respiration  is  stopped 
for  four  or  five  seconds,  and  this  cessation  is  distinguished  from 
that  produced  by  any  other  afferent  nerve  by  the  circumstance 
that  it  occurs  not  in  expiration  exclusively  or  in  inspiration 
exclusively,  but  with  the  respiratory  muscles  in  the  precise  degree 
of  contraction  in  which  they  happened  to  be  at  the  moment  of 
stimulation.  The  efferent  nerves  of  the  reflex  act  of  deglutition 
are  the  hypoglossal  to  the  tongue  and  the  thyro-hyoid  and  other 
muscles  concerned  in  raising  the  lar^Tix  ;  the  glosso-pharyngeal, 
vagus,  facial  and  fifth  to  the  muscles  of  the  palate,  fauces,  and 
pharynx  ;  the  fifth  to  the  mylo-hyoid ;  and  the  vagus  to  the 
larynx  and  oesophagus.     Section  of  the  vagus  interferes  with 

*  It  appears  that  tlie  most  influential  retlex  jiathii  may  differ  iu  difierent 
aoimals.  In  the  rabbit,  e.^.,  the  reflex  is  set  up  by  excitation  of  the 
trigeminal  fibres  which  supply  the  mucous  membrane  anterior  to  the 
tonsils,  in  the  dog  and  cat  by  excitation  of  theTglosso-pharjTi^eal  fibres 
in  the  posterior  wall  of  the  pharynx,  and  in  monkeys  by  excitation  of 
the  trigeminal  branches  distributed  to  the  mucous  membrane  over  the 
tonsils  (Kahn). 
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(he  passage  of  food  along  the  oesophagus  ;  stimulation  of  its 
peripheral   end  causes  ccsophageal  movements. 

Movements  of  the  Stomach  and  Intestines. — The  whole  ol 
the  stomach  does  not  take  part  equally  in  the  movements  associ- 
ated with  digestion.  We  may  divide  the  organ,  both  anatomically 
and  functionally,  into  two  jwrtions — a  pyloric  jKirtion,  or  antrum 
pyloric  and  a  larger  cardiac  [xirtion,  or  fundus.*  At  the  junction 
of  the  antrum  and  the  fundus  the  circular  muscular  coat  is 
thickened  into  a  ring  called  the  '  transverse  band/  or  *  sphincter 
of  the  antrum.'  When  the  stomach  is  empty  it  is  contracted 
and  at  rest.  A  few  minutes  after  food  is  taken  contractions 
begin  in  the  antrum,  and  run  on  in  constricting  undulations  (in 
the  cat  at  the  rale  of  six  in  the  minute)  towards  the  pyloric 
sphincter.  Each  wave  takes  about  twenty  seconds  (in  the  cat) 
to  pass  from  the  middle  of  the  stomach  to  the  pylorus.  Feeble 
at  ftrst,  they  l)ecome  stronger  and  stronger  as  digestion  proceeds, 
and  gradually  come  to  involve  the  portion  of  the  fundus  next 
the  sphincter  of  the  antrum,  but  their  direction  is  always  towards 
the  pylorus,  never,  in  normal  digestion,  away  from  it.  The  food 
is  thus  subjected  to  energetic  churning  movements  in  the  pyloric 
end  of  the  stomach,  and  worked  up  thoroughly  with  the  gastric 
juice.  Kept  in  constant  circulation,  it  gradually  becomes 
reduced  to  a  semi-liquid  mass,  the  chyme,  which  is  at  intervals 
driven  against  the  pylorus  by  strong  and  regular  peristaltic  con- 
tractions of  the  lower  end  of  the  stomach,  the  sphincter  relaxing 
from  time  to  time  by  a  reflex  inhibition  to  admit  the  better- 
digested  portions  into  the  duodenum,  but  tightening  more 
stubbornly  at  the  impact  of  a  hard  and  undigested  morsel.  The 
nature,  as  well  as  the  consistence  of  the  food,  influences  the 
length  of  its  sojourn  in  the  stomach.  Carbo-hydrate  food  passes 
more  raj>idly  through  the  pylorus  than  fatty  food,  and  fat  more 
rapidly  than  proteid.  The  reason  is  that  the  acidity  of  the 
gastric  juice  varies  with  the  different  kinds  of  food,  hydrochloric 
acid  l)eing  secreted  in  abundance  m  the  presence  of  proteids,  and 
to  a  much  smaller  extent  in  the  presence  of  fats  and  carbo- 
hydrates. Now,  dilute  hydrochloric  acid  when  introduced  into 
the  stomach  remains  there  for  a  much  longer  time  than  water. 
This  dejiends  uj>on  the  fact  that  such  portions  of  the  acid  as  get 
into  the  duodenum  stimulate  afferent  fibres  in  its  mucous 
membrane,  and  so  cause  reflex  spasm  of  the  pyloric  sphincter. 
WTien  the  acid  chyme  becomes  neutralized  to  a  certain  point  by 

*  Here  '  fundus  '  19  used  in  th«  sense  in  which  it  is  generally  employed 
in  speaking  of  the  stomach  of  the  dog  or  cat  as  si^ifying  the  whole  of  the 
organ  with  the  exception  of  the  antrum  pylori.  By  the  fundus  of  the 
hunuLD  stomach  mast  writm  mean  only  the  cul-de-sac  at  the  cardiac  end  : 
the  portion  intervening  between  it  and  the  antruiu  pylori  is  often  termed 
the  body  of  the  stomach. 
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the  bile  and  pancreatic  juice,  inhibitory  impulses  pass  up  from  the 
duodenum  and  cause  the  sphincter  to  relax.  The  cardiac  division 
of  the  stomach,  with  the  exception  of  the  portion  that  borders  the 
transverse  band,  takes  no  share  in  the  peristaltic  movements. 
And,  indeed,  it  is  far  more  difficult  to  cause  such  contractions 

by  artificial  stimulation  in  the 
fundus  than  in  the  pylorus.  The 
two  portions  of  the  stomach  are 
partially,  or  in  certain  animals  from 
time  to  time  completely,  cut  off 
from  each  other  by  the  contrac- 
tion of  the  sphincter  of  the  antrum. 
The  fundus,  so  far  as  its  mechanical 
fimctions  are  concerned,  acts  chiefly 
as  a  reservoir  for  the  food,  which  it 
gradually  passes  into  the  antrum  as 
digestion  goes  on  by  a  tonic  contrac- 
tion of  its  walls.  These  facts  have 
been  mainly  ascertained  by  observa- 
tions on  animals,  such  as  the  dog 
and  the  cat,  either  by  direct  inspec- 
tion after  opening  the  abdomen 
(Rossbach),  or  in  the  intact  body, 
under  absolutely  physiological  condi- 
tions, by  means  of  the  Rontgen  rays 
(Cannon).  In  the  latter  method  the 
food  is  mixed  with  subnitrate  of 
bismuth,  which  is  opaque  to  these 
rays,  so  that  when  the  animal  is 
looked  at  through  a  fluorescent  screen 
the  stomach  appears  as  a  dark 
shadow  in  the  field  (Fig.  ii8). 

In  the  intestine  two  kinds  of  move- 
ments are  to  be  seen  :  (i)   Gentle, 
swaying,    *  pendulum  '    movements, 
The  outlines  of  the  stomach  sometimes    irregular,   but  often    re- 
contai.iing  food  mixed  with  bis-   curring    rhythmically    at    the    rate 

muth     subnitrate    were     drawn    /•        iu         i      ^       r  •       ^.-l. 

at  intervals  fro:n  ii  a.m.  to  ('"  ^^^  ^Og)  of  10  Or  12  m  the 
4.30  p.m.  minute.     Both  the  longitudinal  and 

the  circular  muscular  coats  contract, 
causing  slight  waves  of  constriction,  which  maj'  originate  at 
any  part  of  the  gut,  but,  under  normal  circumstances,  nearly 
always  travel  from  above  downwards,  with  a  velocity  of  2  to  5 
centimetres  per  second.  Under  abnormal  conditions,  as  in  the 
exposed  *  surviving '  intestines  of  the  rabbit,  contractions,  prob- 
ably similar  to  the  pendulum  movements,  but  running  indiffer- 
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ently  in  both  directions,  can  be  set  up  by  local  stimulation. 
In  addition  to  the  relatively  rapid  pendulum  movements,  much 
slower  periodic  variations  of  tone  of  the  whole  musculature 
may  be  normally  observed.  (2)  True  peristaltic  movements, 
in  which  a  ring  of  constriction,  obliterating  the  lumen,  moves 
slowly  down  the  tube,  with  a  s|ieed,  it  may  Ix',  no  greater  than 
I  mm.  j>er  second.  The  [>ortion  of  the  intestine  immediately 
l)elow  the  advancing  constriction  is  relaxed  and  motionless, 
so  tliat  we  may  say  that  a  wave  of  inhibition  precedes  tlie 
wave  of  contraction.  The  j^eristaltic  movements  of  the  small 
intestine,  the  most  typical  of  their  kind,  are  most  easily  excited 
by  mechanical  stimulation  of  the  mucous  membrane,  as  by  the 
contact  of  a  morsel  of  food  or  an  artificial  boUis  of  cotton-wool. 
Travelling,  under  normal  conditions,  always  downwards,  the 
constriction  squeezes  the  contents  of  the  tube  before  it,  and  the 
wave  usually  ends  at  the  ileo-caecal  valve,  which  separates  the 
small  intestine  from  the  large.  The  cause  of  the  definite  direc- 
tion of  the  i>eristaltic  wave  is  groundetl  in  the  anatomical  rela- 
tions of  the  intestinal  wall.  For  when  a  |X)rtion  of  the  intestine 
is.  resected,  tiuned  round  in  its  place  and  sutured,  so  that  what 
was  before  its  upper  is  now  its  lower  end,  the  contraction  wave 
is  uiiatjle  to  j)ass,  and  the  obstruction  to  the  onward  flow  ol 
the  intestinal  contents  causes  marked  dilatation  of  the  gut,  and 
sometimes  serious  disturbance  of  nutrition.  The  most  probable 
explanation  is  that  the  peristalsis  is  governed  by  a  local  reflex 
nervous  mechanism  (Aucrbach's  plexus),  the  stimulation  of  which 
by  the  contact  of  the  food  with  the  mucous  membrane  or  by  the 
distension  of  the  gut  causes  excitation  of  the  circular  muscular 
fibres  above  the  point  of  stimulation  and  inhibition  of  them  below 
it.  The  automatic  pendulum  movements  and  also  the  slow, 
rhythmical  variations  of  tone,  have  a  different  relation  to  the 
local  nervous  mechanism,  for  they  behave  differently  to  j>oisons 
like  cocaine  and  nicotine,  which  act  on  that  mechanism.  The 
l>endulum  movements  are,  if  anything,  increased  in  intensity  and 
made  more  regular.  But  the  jieristaltic  waves,  although  they  can 
l>e  locally  excited  by  direct  stimulation  of  the  muscular  fibres, 
arc  no  longer  propagated,  and  a  bolus  introduced  into  the  intes- 
tine remains  at  rest  where  it  is  placed.  Some  have  interpreted 
these  facts  as  indicating  that  the  jiendulum  movements  are 
myogenic  in  origin.  But  evidence  has  lately  been  obtamed  that, 
altboiigh  they  are  not  reflex  movements  elicited  by  afferent  im- 
pulses from  the  mucous  membrane,  since  they  continue  in  un- 
altered intensity,  in  isolated  loops  of  intestine  immersed  in 
Locke's  sf>lution  (p.  122)  after  removal  of  both  mucosa  and  sub- 
mucosa,  they  are  nevertheless  dej>endent  uikju  Auerbach's 
lexus.    For  when  the  circular  muscular  coat  is  separated  from 
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this  plexus,  the  automatic  movements  of  this  coat  are  abolished^! 

altliou^h  the  excitability  of  the  musculiiture  to  direct  stimulation 
is  not  affected.  The  longitudinal  coat,  which  is  still  in  connection 
with  Auerbach's  plexus,  goes  on  contracting  siwntaneously 
(Magnus).  Under  certain  conditions  a  movement  of  food  or 
secretions  in  the  reverse  of  the  normal  direction  can  be  set  up  in 
the  small  intustine  in  the  intact  body,  e.g.,  in  the  case  of  obstruc- 
tion of  the  intestine  leading  to  vomiting  of  its  contents.  But 
such  a  reversal  of  the  normal  direction  of  the  peristalsis  is  not 
easy  to  realize  by  artificial  stimulation,  and  even  when  an  anti* 
peristaltic  wave  is  started  it  travels  up  the  intestine  only  lor  a^ 
short  distance  and  then  dies  out.  Wlien  an  animal  is  fed  with 
food  containing  bismuth  subnitrate  and  observed  with  the 
Rontgen  rays,  it  is  seen  that  the  IVwkI  in  a  coil  is  often  divided  into 
small  segments,  which  then  join  together  to  form  longer  masses, 
these  being  in  turn  again  divided.  This  segmentation  is  rhyth- 
mically retreated  (in  the  cat  at  the  rate  of  thirty  times  a  minute), 
and  is  usually  accompanied  by  peristalsis. 

The  movements  of  the  large  intestine  differ  from  those  of 
the  small  mainly  in  the  great  Irequency  of  antipenstalsis.  This, 
indeed,  seems  to  be  the  usual  movement  of  the  transverse  and 
ascending  colon.  The  antiperistalsis  recurs  in  periods  about 
every  fifteen  minutes,  and  each  period  generally  lasts  about  five 
minutes.  The  constrictions,  running  towards  the  closed  ileo-ciecal 
valve,  thorouglJy  churn  and  mix  the  remnants  of  the  food,  a  con- 
siderable absorption  of  which  may  take  place  in  the  upper  part  of 
the  large  intestine.  In  addition,  food  may  actually  be  forced 
back  through  the  ileo-ciecal  valve  into  the  small  intestine  under 
the  action  of  a  long-contiiiueii  and  vigorous  antiperistalsis,  and 
in  this  way  a  considerable  prortion  of  a  bulky  enema  may  be 
eventually  disposed  of  (Cannon).  Peristaltic  contractions  start- 
ing at  the  iteo-cfecal  valve  and  (ravelling  downwards  may  also 
be  obsened,  but  they  do  not  normally  reach  the  rectum,  which, 
except  during  deffecation,  remains  at  rest. 

Influence  of  the  Central  Nervous  System  on  the  Gastro- 
intestinal Movements. — As  we  have  already  said,  these  move- 
ments are  much  less  closely  dependent  on  the  central  nervous 
system  than  are  those  of  the  cesophagus  ;  they  can  not  only  go 
on,  but  are  in  general  better  marked  when  the  extrinsic  nervous 
connections  are  cut  ;  ihey  cannot  spread  when  the  continuity  of 
the  tube  is  destroyed,  and  the  mere  presence  of  food  will  excite 
them  when  other  than  local  reflex  action  has  been  excluded  by 
section  of  the  nerves.  Nevertheless,  the  central  nervous  system 
docs  exercise  some  influence  in  the  way  of  regulation  and  control, 
if  not  in  the  way  of  direct  initiation  of  the  movements,  and  the 
swallowing  or  even  the  smell  of  food  has  been  obsei-ved  to 
strengtlien  the  contractions  of  a  loop  of  intestine  severed  from 
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the  rest,  but  with  its  nerves  stiU  intact.  The  vagus  is  the  efferent 
channel  of  this  reflex  action  :  stimulation  of  its  peripheral  end 
may  cause  movements  of  all  parts  of  the  alimentary  canal  from 
oesophagus  to  large  intestine,  and  may  strengthen  movements 
already  going  on  ;  but  section  of  it  does  not  stop  themi  nor  hinder 
Uie  food  from  causing  peristalsis  wherever  it  comes.  Tlie  vagus 
also  contains  inhibitory  fibres  for  the  lower  end  of  the  cesophagus 
and  the  whole  of  the  stomach.  Stimulation  of  it  is  followed  ftrst 
by  inhibition,  and  then,  after  an  interval,  by  an  increase  of  tone 
and  augmentation  of  the  contraction  of  the  whole  stomach, 
including  the  cardiac  and  pyloric  sphincters.  The  splanclmic 
nerves  contain  fibres  by  which  the  intestinal  movements  can  be 
inhibited,  and  they  appear  to  be  always  in  action,  for  after 
section  of  these  nerves  the  movements  are  strengthened.  On  the 
other  hand,  stimulation  of  the  j>eniiheral  end  of  the  cut  splanclmic 
causes  arrest  of  the  movements.  Occasionally,  however,  it  has 
the  opposite  effect.  Contractions  of  the  small  intestine  are  more 
easily  caused  by  excitation  of  the  vagus  after  the  inhibitory 
splanchnic  nerves  have  been  cut.  The  splanchnic  has  no  inilu* 
ence  ujxjn  the  gastric  movements  (May). 

The  lower  part  of  the  large  intestine  is  iiiAuenced  by  the  sacral 
nerves  (second,  third  and  fourth  sacral  in  the  rabbit),  and  by  certain 
lumbar  nerves,  in  the  same  way  as  the  higher  parts  of  the  alimentary 
canal,  and  particularly  the  small  intestine,  arc  inilucnced  by  the 
va^s  and  the  splanchnics.  Stimulation  of  these  sacral  nerves 
within  the  spinal  canal  causes  contraction,  tonic  or  peristaltic,  of 
the  descending  colon  and  rectum  ;  stimulation  of  the  lumbar  nerves 
or  of  the  portions  of  the  sympathetic  into  which  their  \'isceral  fibres 
pass  (lumtar  sympathetic  chain  from  second  to  sixth  ganglia,  or  the 
rami  from  it  to  the  inferior  mesenteric  ganglia)  causes  inhibition  of 
the  movements,  preceded,  it  may  be,  by  a  transient  increase. 
I  Excitation  of  the  sacral  ner^'es  causes  or  increases  the  contraction 

^^Loi  both  coats  of  the  descendiug  colnn  and  rectum  ;  excitation  of 
^^■thc  lumbar  nerves  inhibits  both.  And  in  the  small  intestme  the 
^^Esamc  law  holds  good  ;  the  two  coats  arc  contracted  together  by  the 
^^B  action  of  the  vagus,  or  iuliibited  together  by  that  of  the  splanchnics, 
^H  \Vith  the  establishment  of  these  facts,  the  theory  that  the  same  nerve 
^H  which  causes  contraction  of  the  circular  coat  in  all  tubes  whose  walls 
^^  ftro  made  tip  of  two  layers  of  muscle  also  contains  fibres  that  bring 
about  inhibition  of  the  longitudinal  coat,  and  vicn  vgrs4,  falls  to  the 
ground.  It  \\'as  suggested  tliat  in  this  way  antagonism  between  the 
two  coats  was  prevented. 

Action  of  Drugs  on  Gastro-intestinal  Movements. — 
Some  drugs,  such  as  strychnia,  stimulate  peristaltic  movements 
by  acting  through  the  central  nervous  system ;  others,  like 
muscarine  and  nicotine,  by  acting  directly  on  the  local  nervous 
mechanism  of  the  intestine.  Atropia  antagonizes  the  effect  of 
muscarme  by  local  influence.  Moq:)hia,  which  is  much  used  in 
'nicdicmc  to  diminish  mtestinal  movements,  also  acts  locally.  It 
is  a  good  illustration  of  the  well-known  fact  that  one  ai\<i  \.\i^  saxcw<& 
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drug  may  behave  very  differfntly  in   different  animals,    that 
morphia  in  the  dog  increases  the  intestinal  movements,  by  locaJ 
action,   and  causes  defa:cation  and  often  vomiting.     Adrcnalia^— 
causes  marked  diminution  of  tone  in  the  small  intestine,  with  dis^^| 
appearance  of  the  peristalsis  and  pendulum  movements.     The^^ 
same  effect  is  produced  on  an  isolated  \no\*  of  intestine  immersed  in 
Locke's  solution,  and  the  action  is  thereiore  local.     It  is  so  ener- 
getic  that  the  druR  is  effective  even  in  a  dilution  of  1  :  1,000,000. 
A  similar  action  has  been  ob5er\*ed  on  the  stomach.     Venous 
blood  in  some  animals,  but  apparently  not  in  all,  has  a  stimulating 
effect,    causing   movements   which    much    siupass    the    normal 
movements^  both  in  their  vigour  and  in  the  speed  with  which  they, 
travel.      For   this  reason   the  peristaltic   contractions  seen   onj 
opening  the  abdomen  in  a  recently-killed  rabbit  give  an  exagger- 
ated picture  of  what  actually  occurs  in  the  intact  body. 

Defalcation  is  partly  a  voluntary  and  partly  a  reflex  act. 
But  m  the  infant  the  voluntary  control  lias  not  yet  been  de- 
veloped ;  in  the  adult  it  may  be  lost  by  disease  ;  in  an  animal 
it  may  be  abolished  by  operation,  and  in  each  case  the  action 
becomes  wholly  reflex.  In  the  normal  course  of  events,  the 
rectiun,  which  is  empty  and  quiescent  in  the  intervals  of  defseca- 
tion,  is  excited  to  contraction  as  soon  as  fieces  begin  to  enter  it 
through  the  sigmoid  flexure,  and  the  sensations  caused  by  their 
presence  give  rise  to  the  desire  to  emjity  the  bowels.  This  desire  h 
may  for  a  time  be  resisted  by  the  will,  or  it  may  be  yielded  to.  ^ 
In  the  latter  case  the  atxiominal  muscles  are  forcibly  contracted, 
and  the  glottis  being  closed,  the  whole  effect  of  their  contraction 
is  expended  in  raising  the  pressure  within  the  abdomen  and  pelvis,  fl 
and  so  driving  the  faeces  from  the  colon  to  the  rectum.  The  two  " 
sphincters  wliich  close  the  anus — the  internal  sphincter  of  smooth 
muscle,  and  the  external  of  striated — are  now  relaxed  by  the 
inhibition  of  a  centre  in  the  lumbar  portion  of  the  spinal  cord, 
through  the  activity  oi  which  the  tonic  contraction  of  the 
sphincters  is  normally  maintamed.  This  relaxation  is  partly 
volimtary,  the  impulses  that  come  from  the  brain  acting  probably 
through  the  medium  of  the  lumbar  centre.  But  in  the  dog,  alter 
section  of  the  cord  in  the  dorsal  region,  the  whole  act  of  defaeca- 
tion,  including  contraction  of  the  abdominal  muscles  and  relaxa- 
tion of  the  sphincters,  still  takes  place,  and  here  the  process 
must  be  purely  reflex.  Even  after  complete  destitiction  of  the 
lumbar  and  sacral  portions  ot  the  spinal  cord  the  tone  of  the 
sphincters  returns  after  a  time,  and  defa*cation  is  carried  on  as  in 
a  normal  animal,  the  control  of  tJie  sphincters  being  due  either 
to  a  projjerty  oi  the  muscular  tissue  itself  or  to  local  ganglia.  The 
contraction  of  the  levatores  ani  heli>s  to  resist  overdistension 
of  the  pelvic  floor  and  to  jjull  the  anus  up  over  the  faces  as  they 
escape.     The  nervi  erigentcs  carry  efferent  constrictor  fibres, 
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the  hyixjRaslrics,  as  a  rule,  efferent  dilator  fibres,  to  the  sphincters- 
While  the  internal  sphincter  is  by  itself  capable  of  maintaining  a 
tonus  of  considerable  strength,  the  externa!  s|>hincter  contributes 
an  inifKjrtant  share  {30  to  60  per  cent.)  to  the  closure  of  the  rectum. 

The  time  of  passage  of  substances  through  the  alimentary 
canal  has  been  studied  by  administering  collodion  capsules 
filled  with  subnitrate  of  bismuth  to  human  beings,  and  observing 
their  progress  by  taking  shadow  pictures  of  them  at  inter\'als 
with  the  Rontgen  rays.  During  the  first  twenty  minutes  two 
such  capsules  swallowed  at  the  same  time  by  a  healthy  young 
man  were  clearly  seen  in  the  greater  curvature  of  the  stomach, 
but  in  the  interval  between  the  first  half-hour  and  the  seventh  or 
eighth  hour  no  further  trace  of  them  was  detected.  About  the 
eighth  hour  they  reappeared  in  the  ca-cum,  where  they  remained 
witli  little  or  no  onward  movement  till  the  fourteenth  hour. 
From  the  fourteenth  to  the  sixteenth  hour  they  travelled  along 
the  ascending  colon,  and  tarried  a  long  time  at  the  left  angle  of  the 
colon.  From  the  nineteenth  to  the  twenty-second  or  twenty- 
fourth  hoiu"  they  slowly  passed  downward  in  tlie  descending  colon 
and  stopped  at  the  sigmoid  flexure,  till  their  expulsion  in  defje- 
cation.  In  some  subjects  the  entire  ]>;issage  of  the  capsules  was 
complete  in  sixteen  hours,  in  others  not  until  after  thirty  hours. 

Vomiting. — We  have  seen  that  under  normal  conditions  the 
movements  of  the  alimentary  canal  always  tend  to  carry  the  food 
in  one  definite  direction,  along  the  tube  from  the  mouth  to  the 
rectum.  The  peristaltic  waves  generally  run  only  in  this  direc- 
tion, and,  further,  regurgitation  is  prevented  at  three  [joints  by 
the  cardiac  and  pyloric  sphincters  of  the  stomach  and  the  ileo- 
ciecal  valve.  But  in  certain  circumstances  the  peristalsis  may 
be  reversed,  one  or  more  of  the  guarded  orifices  forced,  and  the 
onward  stream  of  the  intestinal  contents  turned  back.  In  obstruc- 
tion of  the  l>owel,  the  fi-ecal  contents  of  the  large  intestine  may 
pass  up  l>eyond  the  ileo-ciecal  valve,  and,  reaching  the  stomach, 
t>e  driven  by  an  act  of  vomiting  through  the  cardiac  orifice  ;  in 
what  is  called  a  *  bilious  attack,'  the  contents  of  the  duodenum 
may  pass  back  through  the  pylorus  and  be  ejected  in  a  similar 
way ;  or,  what  is  by  far  the  most  common  case,  the  contents  of 
the  stomach  alone  may  be  expelled. 

Vomiting  is  usually  preceded  by  a  feeling  of  nausea  and  a  rapid 
secretion  of  saliva,  which  perhaps  serves,  by  means  of  the  air 
carried  down  with  it  when  swallowed,  to  dilate  the  cardiac  orifice 
of  the  stomach,  but  may  be  a  mere  by-play  of  the  reflex  stimula- 
tion bringing  about  the  act.  The  diaphragm  is  now  forced  down 
upon  the  abdommal  \'iscera,  first  with  open  and  then  with  closed 
glottis.  The  thoracic  portion  of  the  oeso]>hagus  is  thus  placed 
ndrr  diminished  pressure,  and  therefore  widened,  while  saliva 
and  air  are  aspuated  into  it  out  of  the  mouth.    The  abdoTOSaa\ 
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muscles  strongly  contract.  At  the  same  time  the  stomach  itself, 
and  particularly  the  antnini  pylori,  contracts,  the  cardiac  orifice 
relaxes,  and  the  ^jastric  contents  are  sliot  up  into  the  lax  oeso- 
phagus, and  through  it  into  the  pharynx,  and  issue  by  the  mouth 
or  nose.  The  movements  of  the  stomach  during  vomiting  induced 
by  ajKimorpliine  have  been  f^tudied  in  the  cat  by  the  Rontgen  ray 
method.  Thece  is  tirst  observed  extreme  relaxation  of  the  cardiac 
end  ;  then  a  deep  constriction  appears  a  little  below  the  cardiac 
orifice,  and  runs  towards  the  pylorus,  increasing  in  depth  as  it 
goes.  When  the  transverse  band  is  reached,  this  contracts 
firmly  and  remains  contracted,  and  the  constriction  passes  on 
over  the  antrum  pylori.  Ten  or  twelve  similar  waves  follow,  at 
the  end  of  which  time  the  constriction  in  the  region  of  the  trans- 
verse band  divides  the  stomacli  into  the  firmly-contracted 
antrum  and  the  relaxed  fimdus.  Now  follows  a  sudden  contrac- 
tion of  the  diajihragm  and  abdominal  muscles  accompanied  by  the 
opening  of  the  cardiac  orifice.  Either  Ihe  diaphragm  and  ab- 
dominal muscles  alone,  without  the  stomach,  or  the  diaphragm 
and  stomach  together,  without  the  abdominal  muscles,  can  carry 
out  the  act  of  vomiting.  For  an  animal  whose  stomach  has  been 
re[>laced  by  a  bladder  filled  with  water  can  be  made  to  vomit  by 
the  administration  of  an  emetic  (Magendie) ;  and  Hilton  saw  that 
a  man  who  lived  fourteen  years  after  an  injury  to  the  spinal  cord 
at  the  height  of  the  sixth  cervical  nerve,  which  caused  complete 
paralysis  below  that  level,  could  vomit,  though  with  great  diffi- 
culty. In  a  young  child  in  which  very  slight  causes  will  uiduce 
vomiting,  the  stomach  alone  contracts  during  the  act.  But  in 
the  adult  such  a  contraction  is  ineffectual,  and  the  same  is  the 
case  in  animals,  for  a  dog  under  the  influence  of  a  moderate  dose 
of  curara,  which  paralyzes  the  voluntary  muscles  but  not  tlie 
stomach,  cannot  vomit. 

The  nerve-centre  is  in  the  medulla  oblongata.  It  may  be 
excited  by  many  afferent  channels  :  the  sensory  nerves  of  the 
fauces  or  pharynx,  of  the  stomach  or  intestines  (as  in  straii^ated 
hernia),  of  the  liver  or  kidney  (as  in  case-s  of  gall-stone  or  renal 
calculi),  of  the  uterus  or  ovary,  and  of  the  brain  (as  in  cerebral 
tumour),  are  all  capable,  when  irritated,  of  causing  vomiting  by- 
impulses  passing  along  them  to  the  vomiting  centre. 

The  vagus  nerve  in  man  certainly  contains  afferent  fibres  by 
the  stimulation  of  which  this  centre  can  be  excited,  for  it  has  been 
noticed  that  when  the  vagus  was  exposed  in  the  neck  in  the  course  ^J 
of  an  operation,  the  patient  vomited  whenever  the  nerve  was^H 
touched  (Boinel,  quoted  by  Gowers).  In  meningitis,  vomiting  ^^ 
is  often  a  prominent  symptom,  and  is  sometimes  due  to  irritation 
of  the  vagus  nerve  by  the  inflammatory  process. 

Some  drugs  act   as   emetics   by   irritating   suriaces  in 
efiicienl  afferent  impulses  may  be  set  up,  the  gastric 


4 
4 


in  which  ^1 
mucous  ^1 


DIGESTION 


279 


membrane,  for  example  :  sulphate  of  zinc  and  sulphate  of  copper 
act  mainly  m  this  way.  AiHjmorphia.  <jn  the  other  hand,  stimu- 
lates the  centre  directly,  and  this  is  also  tliL*  mode  in  which  vomit- 
ing is  produced  in  certain  diseases  of  ttii-  medulla  oblongata. 
The  efferent  nerves  for  the  diaphragm  are  Iht'  phrenics,  for  the 
abdominal  muscles  the  intercostals.  The  impulses  which  cause 
contraction  of  the  stomach  pass  along  the  vagi.  Dilatation  of 
the  cardiac  orifice  is  brought  about  by  the  inhibitory  fibres  in 
the  vagus  already  mentioned. 


II.  The  Chemical  Phenomena  of  Digestion. 

Ferments. — The  chemical  changes  wrought  in  the  food  as  it 
passes  along  the  alimentary  canal  are  due  to  the  secretions  of 
various  glands  which  line  its  cavities  or  pour  their  juices  into  it 
through  special  ducts.  These  secretions  owe  their  |X>wer  for  the 
most  part  to  substances  present  in  them  in  very  small  amount, 
but  which,  nevertheless,  act  with  extraordinary  energy  upon  the 
various  constituents  of  the  food,  causing  profound  changes  with- 
out, ujjon  the  whole,  being  themselves  used  up,  or  their  digestive 
j>ower  affected.  The  active  agents  are  the  enzymes,  sometimes 
spoken  of  as  unformed  or  unorganized  ferments — unorganized  be- 
cause, unlike  some  other  ferments,  such  as  yeast,  their  action  does 
not  depend  upon  the  growth  of  living  cells.  Their  chemical  nature 
has  not  been  exactly  made  out  ;  some  of  them  at  least  do  not 
appear  to  be  proteids.  But  none  of  the  ferments  of  the  digestive 
juices  has  as  yet  been  satisfactorily  isolated,  and  at  present  it  is 
only  by  their  effects  that  we  recognise  them.  Some  of  them  act 
best  in  an  alkaline,  some  in  an  acid  medium  ;  they  all  agree  in 
having  an  '  optimum  '  temperature,  which  is  more  favourable  to 
their  action  than  any  other  :  a  low  temjwrature  suspenfls  their 
activity,  and  twiling  abolishes  it  for  ever.  The  action  of  all  of 
them  is  hydrolytic — i.e.,  it  is  accompanied  with  the  taking  up  of 
the  elements  of  water  by  the  substance  acted  upon.  The 
accumulation  of  the  products  of  the  action  first  checks  and 
then  arrests  it.  It  has  been  demonstrated  in  the  case  of  some 
enzymes  that  this  is  due  to  their  action  being  reversible.  When 
a  concentrated  solution  of  dextrose  is  actefl  on  by  maltose,  a 
ferment  obtained  from  yeast  which  changes  maltose  into  dextrose, 
some  of  the  dextrose  is  reconvertedjintu  maltose  (Hill)  or  isomal- 
tose  (Elmmerling).  And  lipase  (p.  367)  not  only  decomposes  ethyl 
butyTate  or  glycerine  butyrate,  but  also  builds  them  up  again 
from  the  deconnjosition  products — e.g.,  glycerme  butyrate  from 
glycerine  and  butyric  acid  (Hanriot.  Kastle,  and  Loevenhart). 

Many  of  the  ordinary  substances  of  the  laboratory  will  accele- 
rate a  reaction  which  goes  on  slowly  in  their  absence.  These  are 
called  cataJysers.    There  are  also  catalysers  which  retard  •iic'wxf-- 
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tion  which  progresses  quickly  in  their  absence.  The  process  by 
which  the  reaction  is  accelerated  or  retarded  is  termed  catalysis. 
A  typical  catalyser  exerts  its  action  when  it  is  present  in  exceed- 
ingly small  amoimt  in  comparsion  with  the  substance  acted 
upon  ;  it  does  not  itself  enter  into  the  reaction,  and  for  this  reason 
is  often  apparently  unaltered  at  the  end  of  it.  A  classical 
instance  of  catalysis  is  the  inversion  of  cane-sugar  by  weak  acids, 
».«.,  the  change  of  the  cane-sugar  into  a  mixture  of  equal  quan- 
tities of  dextrose  and  levulose — a  reaction  which  may  be  repre- 
sented by  the  equation  : 

CjjH^Oii  +  HjO = CflHijOg  +  CgHiaOfl. 
Cane-sugar.      Water.      Dextrose.        Levulose. 

This  is  a  reaction  which  occurs  also  when  the  sugar  is  simply 
dissolved  in  water,  but  with  extreme  slowness  at  the  ordinary 
temperature,  although  more  rapidly  at  ioo°  C.  The  effect  of  the 
acid  is  to  catalyse  the  reaction,  to  markedly  accelerate  it.  The 
same  action  upon  cane-sugar  is  exerted  by  an  enzyme,  invertittt 
found  in  intestinal  juice,  although  the  laws  governing  the  re- 
action are  somewhat  different.  And  it  is  probable  that  there 
is  no  fundamental  difference  between  the  action  of  the  digestive 
enzymes  and  that  of  the  inorganic  cataiysers. 

Besides  these  unformed  ferments,  certain  formed  ferments,  or 
micro-organisms,  are  present  in  parts  of  the  alimentary  canal, 
and  even  in  normal  digestion  contribute  to  the  changes  brought 
about  in  the  food  ;  while  imder  abnormal  conditions  they  may 
awaken  into  troublesome,  and  even  dangerous,  activity.  It  is 
now  known  that  many,  if  not  all,  of  these  act  by  producing 
unorganized  ferments,  and  that  the  distinction  between  the  two 
kinds  of  ferments  is  rather  suj)erficial. 

It  is  now  necessary  to  consider  in  detail  the  natiire  of  the 
various  juices  yielded  by  the  digestive  glands,  and  the  mechanism 
of  their  secretion,  so  far  as  it  is  known  to  us.  Since  it  is  along  the 
digestive  tract  that  glandular  action  is  seen  on  the  greatest  scale, 
this  discussion  will  practically  embrace  the  nature  of  secretion 
in  general.  And  here  it  may  be  well  to  say  that,  although  in 
describing  digestion  it  is  necessary  to  break  it  up  into  sections, 
a  true  view  is  only  got  when  we  look  upon  it  as  a  single,  though 
complex,  process,  one  jiart  of  which  fits  into  the  other  from 
beginning  to  end.  It  is,  indeed,  the  duty  of  the  physiologist, 
wherever  it  is  j)ossiblo  to  insert  a  cannula  into  a  duct  and  to  drain 
off  an  unmixed  secretion,  to  investigate  the  jjroperties  of  each 
juice  upon  its  own  basis  ;  but  it  must  not  be  forgotten  that  in  the 
body  digestion  is  the  joint  result  of  the  chemical  work  of  five  or 
six  secretions,  the  greater  number  of  which  are  actually  mixed 
together  in  the  alimentary  canal,  and  of  the  mechanical  work  of 
the  gastro-intestinal  walls. 
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tions  of  three  large  glands  on  each  side,  and  of  niany  small  ones. 
The  large  glands  are  the  parotid,  which  opens  by  Stensf.>n's 
duct  opposite  the  second  upper  molar  tooth ;  the  submaxillary, 
which  ojiens  by  Wharton's  duct  under  the  tonjfue  ;  and  the  sub- 

gual,  opening  by  a  number  of  ducts  near  and  into  Wharton's. 

e  small  glands  are  scattered  over  the  sides,  floor,  and  roof  of 
the  mouth,  and  over  the  tongue. 

Two  types  of  salivary  glands,  tlie  serous  or  Muminous  and  the 
mucous,  are  distinguished  by  structural  characters  and  by  the 
nature  of  their  secretion  ;  and  the  distinction  has  been  extended 
to  other  glands.  The  parotid  of  many,  if  not  all,  mammals  is 
a  purely  serous  gland  ;  it  secretes  a  watery  juice  with  a  general 
resemblance  in  composition  to  dilute  blood-serum.  The  sub- 
maxillary of  the  dog  and  cat  is  a  typical  mucous  gland  ;  its 
secretion  is  viscid,  and  contains  mucin.  The  submaxillary  gland 
of  man  is  a  mixed  gland  ;  mucous  and  serous  alveoli,  and  even 
mucous  and  serous  cells,  are  intermingletl  in  it  (Plate  II.,  Fig.  i). 
The  submaxillary  of  the  rabbit  is  piuely  serous.  The  sublingual 
is,  in  general,  a  mixed  gland,  but  with  far  more  mucous  than  serous 
alveoli. 

The  mixed  saliva  is  a  somewhat  viscous,  colourless  liquid  of 
low  specihc  gravity  (average  al>out  1005),  alkaline  to  litmus,  acid 
to  phcnolphthalein.  Besides  water  and  salts,  it  contains  mucin 
{entirely  from  the  submaxillary,  the  sublingual  and  the  small 
mucous  glands  of  the  mouth),  to  which  its  viscidity  is  due,  traces 
of  serum-albumin  and  serum-globulin  (chiefly  from  tlie  parotid), 
and  a  ferment — ptyalin.  The  salts  are  calcium  carbonate  and 
phosphate  (often  dej>osited  as  *  tartar  '  around  the  teeth,  occasion- 
ally as  salivary  calculi  in  the  glands  and  ducts),  sodium  bicar- 
iKjnate,  sodium  and  potassium  chloride,  and  almost  always  a  trace 
ol  sulphocyauide  of  potassium,  detected  by  the  red  colour  which  it 
strikes  with  ferric  chloride.*  The  total  solids  amount  only  to 
vc  or  six  parts  in  the  thousand.     A  great  deal  of  carbon  dioxide 

1  be  pumjKid  out  from  saliva,  as  much  as  60  to  70  c.c.  from 

c.c.  of  the  secietion^ — i.e..  more  than  can  Ix.*  obtained  from 

ous  blood.     Only  a  small  proportion  of  this  is  in  solution,  the 

existing  as  carbonates.     A  very  small  quantity  of  oxygen 

l»out  0-5  volume  per  cent.)  is  also  present  even  in  saliva  which 

•  In  100  students  the  saliva  only  once  failed  to  give  the  reaction,  and 
this  individual  a  trace  of  stilphocyanide  was  present  3  days  later.  It 
absent   from  the  saUva  of  inanv  animals.      In   25   dogu  nuhniaxiUary 

hva  ohlainei]  hy  stimulation  ol  the  chorda  tympani  only  once  gave  ibo 

rnc  rhi  TJdr  r**ac:ion.  and  tUcii  (lintly. 
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has  not  come  into  contact  with  the  air  (Pfliiger).  Under  the 
mirrascope  epithelial  scales,  dead  and  swollen  leucocytes  (the  so- 
called  salivary  corpuscles),  bacteria,  and  portions  of  iood,  may  be 
found.  All  these  things  are  as  accidental  as  the  last — they  are 
mere  flotsam  and  jetsam,  washed  hy  the  saliva  from  the  inside  of 
the  mouth.  But  greater  significance  attaches  to  certain  peculiar 
bodies,  either  spherical  or  of  irregular  shape,  that  are  seen  in 
the  viscid  submaxillary  saliva  of  the  dog  or  cat.  They  appear  to 
be  masses  of  secreted  material.  The  quantity  of  saliva  secreted 
in  the  twenty-four  hours  varies  a  good  deal.  On  an  average  it 
is  from  i  to  2  litres.     (Practical  Exercises,  p,  371.) 

Besides  its  functions  of  dissolving  sapid  substances,  and  so 
allowing  them  to  excite  sensations  of  taste,  of  moistening  the  food 
for  deglutition  and  the  mouth  for  speech,  and  of  cleansing  the 
teeth  after  a  meal,  saUva,  in  virtue  of  its  ferment,  ptyalin,  is 
araylolytic — that  is,  it  has  the  jiower  of  digesting  starch  and 
converting  it  into  maltose,  a  reducing  sugar.  In  man  the  secre- 
tion of  any  of  the  three  great  salivary  glands  has  this  power, 
although  that  of  the  parotid  is  most  active.  In  the  dog,  on  the 
other  hand,  parotid  saliva  has  little  action  on  starch,  and  sub- 
maxillary none  at  all ;  while  in  animals  hke  the  rat  and  the  rabbit 
the  parotid  secretion  is  highly  active.  In  the  horse,  sheep,  and 
ox,  the  saliva  secreted  by  all  the  glands  seems  equally  inert.  A 
watery  or  glycerine  extract  of  a  gland  whose  natural  secretion  is 
active  also  possesses  amylolytic  power. 

Starch-grains  consist  of  layers  of  granulose  (more  or  less 
pure  starch),  alternating  with  and  enclosed  in  envelopes  of 
cellulose.  Only  the  granulose  is  acted  upon  by  ptyalin,  and  hence 
unboiled  starch,  in  which  the  cellulose  envelopes  are  intact,  is 
but  slowly  affected  by  saliva.  When  starch  is  boiled,  the  enve- 
lopes aie  ruptured,  and  the  granulose  passes  into  imperfect 
solution,  yielding  an  opalescent  liquid.  If  a  little  saliva  be  added 
to  some  boiled  starch  solution  which  is  free  from  sugar,  and  the 
mixture  be  .set  to  digest  at  a  suitable  temperature  (say  40""  C), 
the  solution  in  a  very  short  time  loses  its  opalescence  and  becomes 
clear.  It  still,  however,  gives  the  blue  reaction  with  iodine  ;  and 
Trommer's  test  {p.  7)  shows  that  no  sugar  has  as  yet  been  formed. 
The  change  is  so  far  purely  a  ])hysical  one  :  the  substance  in 
solution  is  soluble  starch.  Later  on  the  iodine  reaction  passes 
gradually  through  violet  into  red  ;  and  finally  iodine  causes  no 
colour  change  at  all,  while  maltose  is  found  in  large  amount, 
along  with  isomaltose,  a  sugar  having  the  same  formula  as 
maltose,  but  differing  from  it  in  the  melting-point  of  the  cry^stal- 
line  compound  formed  by  it  with  phenyl-hydrazine  (p.  429), 
Traces  of  dextrose,  a  sugar  which  rotates  the  plane  of  polarization 
less  than  maltose,  but  has  greater  reducing  j>ower,  are  produced 
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by  the  further  action  of  the  saliva  on  maltose  itself.    When  a 
small  quantity  of  ferment  acts  for  a  short  time,  the  production  of 
isomaltose  is  favoured.     The  production  of  maltose  and  dextrose 
is  favoured  by  the  prolonged  action  of  a  large  quantity  of  ferment. 
The  red  coloui'  indicates  the  presence  of  a  kind  of  dextrin 
called  erylhrodextrin  ;  the  violet  colour  shows  that  at  first  this 
is  still  mixed  with  some  unchanged  starch.     Soon  the  erythro- 
dextrin  disappears,  and  is  succeeded  by  another  dextrin,  which 
gives  no  colour  with  iotline,  and  is  therefore  called  achroodextrin. 
This  is  partly,  but  in  artificial  digestion  never  completely,  con- 
verted into  maltose,  and  can  always  at  the  end  be  precipitated 
in  greater  or  less  amoimt  by  the  addition  of  alcohol  to  the  liquid. 
It  is  probable  that  a  whole  series  of  dextrins  is  formed  during  the 
digestion  of  starch.     Some  of  these  may  appear  as  forerunners  of 
the  sugar,  others  merely  as  concomitants  of  its  production.     The 
latter  may  never  pass  into  sugar  :  and  it  is  certain  tliat  sugar 
may  appear  before  all  the  starch  has  been  converted  into  achroo- 
dextrin.   When  the  sugar  is  removed  as  it  is  formed,  as  is 
approximately  the  case  when  the  digestion  is  performed  in  a 
dialyser,  the  residue  of  unchanged  dextrin  is  less  than  when  the 
sugar  is  allowed  to  accumulate  (Lea).     In  ordinary  artificial 
digestion,  for  instance,  under  the  most  favourable  circumstances 
at  least  12  to  15  per  cent,  of  the  starch  is  left  as  dextrin  :  in 
dialyser  digestions  the  residue  of  dextrin  may  be  little  more  than 
4  per  cent.    This  goes  far  to  explain  the  comjilete  digestion  of 
starch  which  takes  place  in  the  alimentary  canal,  a  digestion  so 
exhaustive  that,  although  soluble  starch  and  dextrm  may  be 
found  in  the  stomach  after  a  starchy  meal,  they  do  not  occiu  in 
the  intestine,  or  only  in  minute  traces.     Here  the  amylolytic 
ferment  of  the  pancreatic  juice,  which  is  essentially  the  same  in 
its  action  as  ptyalin,  only  more  powerful,  must  effect  a  very 
romi>lete  conversion  of  the  starch  molecules  accessible  to  its 
attack.     It  is  not  inconsistent  with  this,  that  unchanged  .starch 
granules  may  sometimes  be  excreted  u\  the  fteces,  especially  when 
iml)edded  in  raw  vegetable  structures. 

It  is  im])assiblc  with  our  present  knowledge  to  represent  the  entire 
pr*x:css  by  a  chemical  ciiu.itioii.      If  wc  look  only  to  the  final  product. 
~ic  c(|uattoQ 

(C.H,o04).  +  ^H,0-f(C„HaO„) 


2     •        2 

Surch.  Water.  MalliMe. 


or 


j(C„H,„0,).  +  aH,0  =  aQ,H.^O„ 
will  represent  the  change  in  natural  and  complete  digestion.     The 
molecule  of  starch  being  taken  as  some  unknown  multiple,  a,  of  the 
group  C^HiflOi,  the  tirst  equation  suits  the  case  of  a  being  an  even 
number,  and  the  second  that  of  a  l>eing  an  odd  nunil)cr. 

U  we  accept  4  jK?r  cent,  as  the  minimum   residue    of    unchanged 
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dextrin  in  the  best  artificial  digestion,  or,  in  other  words,  if  we  suppose 
that  of  25  parts  of  starch  24  are  changed  into  maltose,  and  i  remains 
as  dextrin^  our  equation^  taking  the  dextrin  molecule  as  a  multiple  b 
of  CgHjoOj,  will  be  : 

25(CaHioOe),+  i2aHfi^i2a{C,,H^On)  +  l{Ct,H^oOi), 
Starch.  Water.  Maltose.  Dextrin. 

a  a 

for  the  case  where  r  is  a  whole  number.     If  r-  is  not  a  whole  number, 

b 

we  should  have  to  clear  of  fractions  by  multiplying  both  sides  by  — » 

where  m  is  the  greatest  common  measure  of  a  and  6.  We  should 
thus  get : 

Starch.  Water.  Maltose.  Dextrin. 

It  is  a  notable  fact  that  amylolytic  ferments  are  not  confined 
to  the  animal  body.  Diastase,  which  is  present  in  all  sprouting 
seeds,  and  may  be  readily  extracted  by  water  from  malt,  forms 
dextrin  and  maltose  from  starch.  The  optimum  temperature 
of  malt  diastase,  however,  is  about  55°  C,  while  that  of  ptyalin 
is  about  40°  C. 

While  a  neutral  or  weakly  alkaline  reaction  is  not  unfavourable 
to  salivary  digestion,  it  goes  on  best  in  a  slightly  acid  medium. 
It  has  been  shown  that  the  activity  of  ptyalin  on  starch,  both 
having  been  previously  dialysed  to  get  rid  as  far  as  possible 
of  salts,  is  increased  by  the  addition  of  very  small  amounts  of 
acids  and  of  the  neutral  salts  of  strong  monobasic  acids.  The 
action  is  decreased  by  larger  amounts  of  acid  (0*0007  ^^  0-0012 
per  cent,  of  hydrochloric  acid)  and  by  neutral  salts  of  weak  acids. 
An  acidity  equal  to  that  of  a  cri  per  cent,  solution  of  hydrochloric 
acid  stops  salivary  digestion  completely,  although  the  ferment  is 
still  for  a  time  able  to  act  when  the  acidity  is  sufficiently  reduced. 
Strong  acids  or  alkalies  j^ennanently  destroy  it.  These  facts  indi- 
cate that  in  the  mouth,  where  the  reaction  is  weakly  alkaline, 
the  conditions  are  comparatively  favourable  to  the  action  of  the 
ptyalin.  They  are  still  more  favourable  in  the  stomach  for  some 
time  after  the  beginning  of  a  meal,  while  the  reaction  is  yet 
weakly  acid.  It  has  been  observed  that  (in  cats)  salivary  digestion 
may  go  on  for  an  hour  or  more  in  the  cardiac  end  of  the  stomach, 
since  free  hydrochloric  acid  does  not  appear  here  before  that  time. 
Since  the  contents  of  the  cardiac  end  are  not  freely  intermixed 
with  those  of  the  pyloric  end,  a  greater  proportion  of  sugar  is 
found  in  the  former,  and  the  difference  is  more  marked  with  solid 
than  with  liquid  food  (Cannon  and  Day).  But  during  the  greater 
part  of  gastric  digestion  the  degree  of  acidity  is  such  that  the 
ptyalin  must  be  hindered.  Although  the  food  stays  but  a  short 
time  in  the  mouth,  there  is  no  doubt  that,  in  man  at  least,  some 
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of  the  starch  is  there  changed  into  sugar  (p.  372).  But  this 
is  not  the  case  in  all  animals.  Something  depends  on  the 
amylolytic  activity  of  the  saliva,  and  something  upon  the  form 
in  which  the  starchy  food  is  taken,  whether  it  is  cooked  or 
raw,  enclosed  in  vegetable  fibres  or  exposed  to  free  admixture 
with  the  secretions  of  the  mouth. 

The  fact  already  mentioned  that  hydrolytic  changes  of  the 
same  nature  as  tliosc  produced  hy  enzymes  can  be  brought  about 
in  other  ways  holds  ^ood  for  ptyalin.  If  starch  is  heated  for  a  time 
with  dilute  hydrochloric  or  sulphuric  acid,  it  is  changed  first  into 
dextrin,  and  then  into  a  form  of  reducing  sugar,  which,  however, 
is  not  maltose,  but  dextrose.  If  maltose  is  treated  Mith  acid  in 
the  same  way,  it  is  also  changed  into  dextrose.  When  glycogen 
(p.  i)  is  boiled  with  dilute  oxalic  acid  at  a  pressure  of  three 
atmospheres,  isomaltose  and  dextrose  arc  formed  (Cremer).  We 
shall  sec  later  on  that  the  action  of  the  other  digestive  ferments 
can  also  be  to  a  certain  extent  imitated  by  purely  artificial 
means.  In  fact,  we  may  say  that  the  ferments  accomplish 
at  a  comparatively  low  temperature  what  can  be  done  in  the 
laboratory  at  a  higher  temperature,  and  by  the  aid  of  what 
may  be  called  more  violent  methods. 

Gastric  Juice. — The  Abb^  Spallanzani,  although  not,  })erhaps, 
the  first  to  recognise,  was  the  first  to  study  systematically,  the 
chemical  powers  of  the  gastric  juice,  but  it  was  by  the  careful 
and  convincing  experiment?  of  Beaumont  that  the  foundation 
of  our  exact  knowledge  of  its  composition  and  action  was  laid. 

It  is  dilTicult  tosjx-ak  without  enthusiasm  of  the  work  of  Beaumont, 
if  «re  consider  the  difficulties  under  which  if  was  carried  on.  An 
army  surgeon  stationed  in  a  lonely  |>ost  in  the  wilderness  that  was 
then  called  the  territory  of  Miciiigan.  a  thousand  miles  from  a 
University,  and  four  thousand  from  anything  like  a  physiological 
laboratory,  he  was  accidentally  called  upon  to  treat  a  gun-shot 
wound  of  the  stomach  in  a  Canadian  voyageur,  Alexis  St,  Martin. 
When  the  wound  healed  a  permanent  fistulous  opening  was  left,  by 
means  of  which  food  could  be  introduced  into  the  stomach  and 
gastric  juice  obtained  from  it.  Beaumont  ai  once  perceived  the 
possibihtics  of  such  a  case  for  ph>'siological  research,  and  began  a 
scries  of  experiments  on  digestion.  After  a  while,  St.  Martin,  with 
the  wandcrmg  spirit  of  the  voyageur,  returned  to  Canada  without 
Dr.  Beaumont's  consent  and  in  his  absence.  Beaumont  traced  him, 
with  great  difficulty,  by  the  help  of  the  agents  of  a  fur-trading 
company,  induced  him  to  come  back,  provided  lor  his  family  as  well 
as  for  himself,  and  proceeded  with  nis  investigations.  A  second 
time  St.  .Martin  went  back  to  his  native  country,  and  a  second 
time  the  zealous  invcstiRalor  of  the  gastric  juice,  at  heav\'  cxpentte. 
secured  his  return.  And  although  his  cxijeriments  were  necessarily 
less  exact  than  would  he  permissible  in  a  nicHlern  research,  the 
niodcHt  book  in  which  he  published  his  results  is  still  counted 
iiinong  the  cUssics  of  physiology.  The  pr<Kluction  of  artificial 
fi^tula'  in  animals  a  nu-iluKl  that  has  since  proved  »o  fruitful,  was 
first  suggested  by  his  work. 
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Gastric  jtiice  when  obtained  pure,  as  it  can  be  from  an  acci- 
dental fistula  in  man,  or,  better,  by  giving  a  dog  with  an  ceso- 
phageal  as  well  as  a  gastric  fistula  a  '  sham-meal '  (p.  330),  is  a 
thin,  colourless  hquid  of  low  specific  gravity  (1002  to  1005)  and 
distinctly  acid  reaction.  The  total  solids  average  about  5  parts 
per  thousand,  about  one-hall*  being  inorganic  salts,  chiefly  sodium 
and  potassium  chloride.  Three  ferments  arc  present  :  pepsin, 
which  changes  jiroteids  into  pepvtones  ;  rennin,  which  curdles 
milk  ;♦  and  a  (at-splitting  ferment  which,  under  certain  condi- 
tions at  least,  splits  up  emulsified  neutral  fats,  c.g.^  the  fat  of 
milk,  into  glycerine  and  fatty  acids,  but  has  no  action  upon 
n  on -emulsified  fat.  The  aridity  is  due  to  free  hydrochloric  acid, 
the  proj^wrtion  of  which  in  man  is  usually  something  like  0*2  per 
cent.^  but  more  in  the  dog  (05  to  oO  per  cent.).  The  following 
table  shows  the  quantitative  comj^iosition  of  the  juice  in  man, 
in  a  typical  carnivorous  animal  (dog),  and  in  a  typical  herbivorous 
animal  (sheep)  : 


Humui. 

Dog. 

Sh«p. 

Water 

W44 

97'30 

98-61 

Total  solids 

0's6 

2-69 

1-38 

Organic  mutter 

0-32 

17! 

0*40 

HCl 

0*20 

o'33t 

0"12 

CaCl, 

o*oo6 

0'02 

0*01 

NaCl 

0*14 

0-25 

0-43 

KCl 

0*05 

O'll 

0-15 

NH^CI 

— 

o'Oi; 

o'os 

Ca,{l'0,),      .. 

\ 

0-17 

0*I2 

Mg,(TO,)a     -. 

)      O'OI 

0'02 

o*o6 

FePC), 

J 

O'OI 

0-03 

Often,  l>ut  not  always  (Kocher),  in  cancer  of  the  stomach  the  free 
hydiocliloric  acid  is  replaced  by  lactic  acid»  and  it  is  known  that 
in  health  some  lactic  acid  is  often  present  when  the  stomach 
contains  food,  being  produced  from  tlie  carbo-hydrates  by  the 
action  of  a  ferment  or  ferments,  not  specific  to  gastric  juice,  but 
tound  everywhere  in  the  alimentary  canal.  That  in  normal 
gastric  juice  the  acidity  is  not  due  to  lactic  acid  can  be  shown  by 
Uffelmann's  test  (Practical  Exercises,  p.  377). 

More  than  this,  it  is  not  due  to  an  organic,  but  to  an  inorganic 
acid,  for  healthy  gastric  juice  causes  such  an  alteration  in  the 
colour  of  anilnie  dyes  like  congo-red  and  methyl  violet  as  would 
be  produced  by  dilute  mineral  acids,  and  not  by  organic  acids, 

•  Pawlow's  results  have  rendered  it  probable  tliat  renuin  is  not  a 
separate  (ernient,  but  tliat  niilk-curdling  is  an  action  tx)th  of  pepsin  and 
of  trypsin,  a^  well  as  the  hytlrolysis  of  proteids. 

I  Pawlow  finds  0*5  to  o-6  per  cent,  HCl  in  dog's  gastric  juice. 


4 
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I  even  when  present  in  much  greater  strength.*  Finally,  when  the 
bases  and  acid  radicles  of  the  juice  are  c|uantitatively  compared, 
it  is  found  that  there  is  more  chlorine  than  is  required  to  combme 
with  the  bases  ;  the  excess  must  he  present  as  free  hydrochloric 
acid.     In  the  pure  gastric  juice  of  fishes  like  the  dogfish  and  skate, 

^  however,  the  acid  is  said  not  to  be  hydrochloric  but  an  organic 
acid.  The  quantity  of  gastric  juice  secreted  depends  upon  the 
nature  and  amount  of  the  food.    It  has  been  estimated  at  as  much 

L  as  5  litres  in  twenty-four  hours,  or  several  times  the  quantity  of 

I  saliva  secreted  in  the  same  time.     With  sham  feeding  a  dog  may 

I  jield  200-300  c.c.  in  an  hour. 

'  The  great  action  of  gastric  juice  is  uj)on  |>n>teids.  In  this  two 
of  its  constituents  have  a  share,  the  [wpsin  and  the  free  acid. 
One  member  of  this  chemical  copartnery  cannot  act  without  the 
other  ;  peptic  digestion  requires  the  presence  botli  of  pepsin 
and  of  acid  ;  and,  indeed,  an  active  artificial  juice  can  be  obtained 
by  digesting  the  gastric  mucous  membrane  with  0-2  i>er  cent, 
hydrochloric  acid.  A  glycerine  extract  of  a  stomach  which  is 
not  too  fresh  also  possesses  peptic  powers  ;  but  it  requires  the 
addition  of  a  sufficient  quantity  of  acid  to  render  them  available. 
Well-washed  fibrin  obtained  from  blood  is  a  convenient  proteid 
for  use  in  experiments  on  digestion.  Since  the  blood  contains 
traces  of  pepsin,  the  tibrin  should  be  boiled  to  destroy  any  which 
may  be  present  (see  also  p.  371). 

If  we  place  a  little  fibha  in  a  beaker,  cover  it  with  0*2  per  cent, 
hydrochfohc  acid,  add  a  small  quantity  of  pepsin  or  of  a  gastric 
extract,  and  put  the  beaker  in  a  water-bath  at  40°  C,  the  fibrin  soon 
swelb  up  and  becomes  translucent,  then  begins  to  be  dissolved,  and 
in  a  short  lime  has  disappeared  (sec  Practical  Exercises,  p.  374).     li 
wc  examine  the  liquid  before  digestion  has  proceeded  very  far,  we 
shall  find  chiefly  acid-albumin   in  .solution ;  later  on.  chiefly  aibu- 
moses  ;  and  of  these  the  j>rimary  albumoses  (proto-albumose  and 
hetcro-albumose)  arc  the  nrst  to  appear,  followed  by  secondary  or 
dcutern-albumose  (p.  6)  ;  still  later,  peptones  will  be  present  along 
with  the  albumoses.     From  this  we  conclude  that  acia-aU>umin  is  a 
stage  in  the  conversion  of  fibrin  into  albumose,  and  albumose  a  half- 
way house  between  acid-albumin  and  (wptone,  although  it  is  doubt- 
ful   whether    all    the    proteid   is    first    changed   into   acid-albumin. 
Similar,   but   not   identical,    intermediate   substances   occur   in   the 
digestion  of  the  other  protcids,  as  well  as  in  that  of  bodies  Ukc 
Icelatin,  which  are  not   true  proteids,  but  which  pepsin  can  digest. 
[The  generic  name  of  proteose  properly  includes  all  bodies  of  the 
l&lbumosc   type,  the  term   '  albumose  '   itself  t>eing  sometimes  re- 
served for  such  intermediate  products  of  the  digestion  of  albumin  ; 
mhile  those  of  fibrin  arc  called  fibrinoses  :  of  globulin,  globuloses  ; 
fcf  casein,  cascoses  ;  and  so  on.     Probably  the  peptones  produced 
from  different  proteids  are  also  not  absolutely  identical. 

■  •  A  dilute  solution  of  congo-rcd  is  turned  violet  by  organic  and  blue  by 
■tu>rganic  acids  ;  the  ga&tric  juice  turns  it  blur.  Methyl  violet  is  rendered 
Hue  by  an  inorganic  acid  like  hydrochloric  acid,  and  green  if  more  of  the 
Bcid  be  added,   ft  u  not  altered  by  organic  acids.   Gastnc  ^uice  tQtTk&  vlXAu^. 
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Beyond  peptone  gastric  digestion  does  not  go.  Indeed,  in 
no  case  does  the  whole,  and  only  under  favourable  condi- 
tions even  the  half,  of  the  original  proteid  in  an  artificial  diges- 
tion ever  reach  the  stage  of  peptone.  The  pancreatic  juice,  as 
we  shall  see  later  on,  not  only  effects  a  more  complete  conver- 
sion into  peptone,  but  can  split  up  peptone  itself  into  substances 
which  are  no  longer  proteid.  Since  the  subject  of  proteid  diges- 
tion must  come  up  again,  it  will  be  well  to  postpone  any  closer 
discussion  of  the  process  till  we  can  view  it  as  a  whole.  In  the 
meantime  it  is  only  necessary  to  repeat  that  pepsin  alone  cannot 
digest  proteids  at  all.  Its  action  requires  the  presence  of  an 
acid ;  in  a  neutral  or  alkaline  medium  peptic  digestion  stops. 
As  in  the  case  of  other  ferments,  there  is  a  certain  temperature 
at  which  pepsin  acts  best,  an  '  optimum '  temperature  {35°  to 
40°  C,  or  about  that  of  the  body).  At  0°  C.  it  is  inactive,  except 
in  cold-blooded  animals  (frog).     Boiling  destroys  it. 

Dilute  acid  alone  does  not  dissolve  coagiilated  proteids  like 
boiled  fibrin,  or  does  so  only  with  extreme  slowness.  Uncoagu- 
lated  proteids,  however,  are  readily  changed  by  it  into  acid- 
albumin  ;  and  by  the  prolonged  action  of  acids,  especially  at  a 
high  temperature,  further  changes  of  much  the  same  nature 
as  those  produced  in  peptic  digestion  may  be  caused  in  all 
proteids.  But  under  the  ordinary  conditions  of  natural  or 
artificial  gastric  digestion,  it  may  be  said  that  the  acid  alone 
does  httle  until  it  is  aided  by  the  ferment,  just  as  the  ferment 
alone  does  nothing  without  the  aid  of  the  acid.  One  difference, 
however,  there  is  :  the  acid  is  used  up  during  the  process,  enter- 
ing into  a  temporary  combination  with  the  proteid,  the  more 
highly  hydrolyzed  proteids,  such  as  j^ci^tone,  combining  with  a 
greater  jiroportion  of  the  acid  than  such  jiroteids  as  fibrin  or 
albumin.  In  the  gastric  juice  the  hydrochloric  acid  is  perhaps 
united  to  the  jjepsin.  The  ferment  is  little,  if  at  all,  affected. 
Although  hydrochloric  acid  acts  most  powerfully,  other  acids, 
such  as  lactic,  phosphoric,  or  sulphuric,  can  replace  it. 

The  milk-curdling  ferment,  rennin,  is  contained  in  large  amount 
in  an  extract  of  the  fourth  stomach  of  the  calf,  which,  as  rennet, 
has  long  been  used  in  the  manufacture  of  cheese.  It  exists  in 
the  healthy  gastric  juice  of  man,  but  disai)pears  in  cancer  of  the 
stomach  and  in  chronic  gastric  catarrh.  It  is  doubtful  whether 
the  properties  of  rennin  are  ever  foxuid  in  gastric  juice  or  any  pre- 
paration obtained  from  it  <»r  hom  the  gastric  mucous  membrane 
unless  jiepsin  is  ]>r('Si'nt.  The  statement  that  it  can  be  separated 
from  pej)sin  by  ]>rccipitating  an  arid  extract  of  calf's  stomach 
with  magnesium  carbonate  in  powder,  an<l  some  neutral  acetate 
of  lead  does  not  seem  to  be  correct  (see  footnote  on  p.  286).  The 
curdling  of  milk  by  rennin  includes  two  processes  :  (i)  An  action 
on  caseinogen  in  the  course  of  which  a  substance,  whey-proteid. 
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not  previously  present  in  the  milk,  is  produced.  This  substance 
not  capable  of  being  converted  into  casein,  and  remains  in 
solution  in  the  whey.  {2)  The  altered  caseinogcn  is  precipitated 
in  the  presence  of  calcium  salts,  but  not  otherwise,  as  casrin^ 
which  is  insoluble,  and  forms  the  curd.  Dilute  acid  will  of  itself 
precipitate  caseinogen,  and  the  |)resence  of  acid,  and  particularly 
hydrochloric  acid,  in  the  gastric  juice  helps  the  action  of  the 
milk-ciirdlinit;  ferment.  Hut  that  a  ferment  is  really  concerned 
in  the  curdling  of  milk  by  gastric  juice  is  shown  by  the  fact 
that  the  juice,  alter  being  made  neutral  or  alkaline,  still 
curdles  milk,  and  that  this  power  is  destroyed  by  boiling.  The 
optimum  temperature  is  the  same  as  that  of  the  other  ferments 
of  the  digestive  tract,  about  40*^  C.  (p.  279). 

As  to  the  exact  function  which  the  milk-curdling  ferment  of 
the  gastric  juice  performs  in  digestion,  we  have  no  precise  know- 
ledge. It  seems  sujx^rfiuous  if  we  suppose  that  the  free  acid  is 
able  of  itself  to  do  all  that  the  ferment  does  along  with  it.  But 
there  is  evidence  that  the  curd  produced  by  the  ferment  is  more 
profoundly  changed  tlian  the  precipitate  caused  by  dilute  acids  ; 
for  the  latter  may  be  redissolved,  and  then  again  curdled  by 
rennin  in  the  presence  of  calcium  salts,  while  this  cannot  be  done 
witli  the  former.  We  may  suppose,  then,  that  the  ferment  is 
capable  of  effecting  changes  more  favourable  to  the  subsequent 
action  of  the  pepsin  upon  the  casein  than  those  which  the  acid 
alone  would  effect.  Or  it  may  be  that  the  ferment  acts  in  the 
early  stages  of  digestion  before  much  acid  has  been  secreted. 
We  do  not  know  whether  the  curfUing  of  milk  renders  it  easier 
for  the  watery  [x)rtion  to  be  absorbed  by  the  walls  ol  the  stomach. 
If  this  were  the  case,  it  would  be  a  raison  d'etre  for  early  curdhng, 
since  milk  is  a  very  dilute  food,  and  the  immense  proportion  of 
water  in  it  might  weaken  the  gastric  juice  too  much  for  rapid 
digestion  of  thf  proteids.  But  caution  should  be  exercised  in 
giving  a  physiological  value  to  all  the  details  of  the  milk-ciu"dling 
action  of  the  gastric  juice.  Milk-curdling  ferments  have  an 
extremely  wide  distribution,  both  in  secretions,  which  in  norm;d 
circumstances  can  never  come  into  contact  with  milk,  and  in  the 
tissues  of  animals  and  plants.  Many  bacteria  produce  them. 
It  Ls  worthy  of  note  that  the  curd  formed  from  human  milk  is 
more  finely  divided  than  that  formed  from  cow's  milk,  and  there- 
fore is  more  easily  digested.  The  addition  of  lime-water  or 
barley-water  to  cow's  milk  keeps  the  curd  from  adhering  in 
large  masses,  and  thus  aids  its  digestion. 

On  fats  gastric  juice  has  usually  been  supjwsed  to  have  no 
tion.  although  evcrylxxly  admits  that  it  will  dissolve  the 
roieid  constituents  of  fat-cells  and  the  proteid  substances 
hich  keep  the  fat-globules  of  nulk  apart  Irom  each  other.     It 
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has,  however,  been  recently  shown  that  both  in  the  stomacli 
and  i»  vitro  (with  glycerine  extracts  of  the  gastric  mucous 
membrane)  a  corisiderable  amount  of  well-emulsified  fat  may  be 
split  up.  As  regards  the  carbo-hydrates  the  swallowed  saliva 
will  continue  to  act  on  starch  in  the  stomach,  so  long  as  the 
acidity  is  not  too  great ;  while  the  hydrochloric  acid  of  the 
gastric  juice  is  able  to  invert  cane-sugar,  changing  it  into  a 
mixture  of  dextrose  and  levulose*  ('  invert '  sugar). 

The  Antiseptic  Function  of  the  Gastric  Juice. — The 
stomach,  with  its  acid  contents,  forms  during  the  greater  part 
of  gastric  digestion  a  valve  or  trap  to  cut  off  the  upper  end  of 
the  intestine  from  tlie  bacteria-infested  regions  of  the  mouth 
and  pharynx,  and  to  destroy  or  inhibit  the  micro-organisms 
swallowed  with  the  food  and  saliva.  The  occasional  presence 
in  vomited  matter  of  sarcina?  or  regularly  arranged  groups  of 
micrococci,  generally  four  to  a  group,  shows  that  under  abnormal 
conditions  the  gastric  contents  are  not  perfectly  aseptic  ;  and 
even  from  a  normal  stomach  active  micro-organisms  of  various 
kinds  can  he  obtained.  But  upon  the  whole  there  is  no  doubt 
that  the  acidity  of  the  gastric  juice  is  an  important  check  on 
bacterial  activity  during  the  first  part  of  digestion,  and  in  the 
upper  portion  of  the  alimentaiy  canal.  Koch  has  shown  that 
the  acidity  of  the  gastric  juice  of  a  guinea-pig  is  sufficient  to 
kill  the  comma  bacillus  of  cholera.  Normal  guinea-pigs  fed 
with  cholera  bacilli  were  unaffected.  But  if  the  gastric  juice 
was  neutralized  by  an  alkali  before  the  administration  of  the 
bacilli  the  guinea-pigs  died.  Charriii  found,  too,  that  digestion 
with  pejisin  and  hydrochloric  acid  causes  an  appreciable  destruc- 
tion or  attenuation  of  diphtheria  toxine.  Naturally,  l>acteria 
hke  the  lactic  acid  bacillus  which  form  acid  products  are  less 
affected  by  the  acid  gastric  juice  than  the  putrefactive  bacteria, 
which,  on  the  whole,  form  alkalies,  and  are  therefore  accustomed 
to  an  alkaliru-  nuniium. 

It  has  been  sujijiosi'd  by  some  that  this  bactericidal  action 
is  the  chief  function  of  the  stomach,  and  Ihc  question  has  been 
asked  why  we  should  attribute  any  digestive  importance  to  the 
secretion  o(  that  viscus^  since  the  jMiicreatic  juice  can  do  all 
that  the  gastric  juice  does,  and  some  things  which  it  cannot 
do.     Further,  it  has  been  shown  that  a  dog  may  live  five  years 

•  These  are  both  rcducuig  sugars,  but,  as  their  names  imlicate,  they 
rotate  the  plane  of  polarization  in  opposite  directions.  The  specific 
rotatory  ix>wer  of  levulose  is  greater  than  that  of  dextrose,  so  that  when 
cane-sugar  is  completely  invrrtcd.  although  equal  quantities  of  dextroso 
and  levulose  are  protJuced,  the  plane  of  polarization  is  rotate*!  to  the  left, 
Cane-suK*''  itself  rotates  it  to  the  right.  The  term  '  inversion  '  has  beeoi 
extended  to  include  the  similar  hydroU^is  of  other  sugars  of  the  disaccha- 
ride  group — e.g,,  maltose  t<>  dextrut?u,  and  lactose  to  a  mixture  of  dextros*] 
and  galactose,  even  although  the  products  are  not  levo-rotalory. 
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after  complete  excision  of  the  stomach,  comport  himself  in  all 
respects  like  a  normal  dog,  and  when  killed  for  autoi>sy  show 
every  organ  in  perfect  health  (Czcmy).  Recently,  too,  the 
stomach  has  been  excised  in  man  with  a  successful  result.  But 
if  this  IS  to  be  admitted  as  evidence  against  the  digestive  function 
of  the  stomach,  it  is  just  as  good  evidence  against  the  bacteri- 
cidal function,  particularly  as  it  has  in  addition  been  shown 
that  even  putrid  flesh  has  no  harmful  effect  on  a  dog  after 
excision  of  the  stomach,  any  more  than  on  a  normal  dog.  And, 
indeed,  the  reasoning  is  fallacious  which  assumes  that  what  may 
happen  under  abnormal  conditions  must  haj^pen  when  the  con- 
ditions are  normal.  For  nothing  is  impressed  more  often  on 
the  physiological  observer  than  the  extraordinary  power  of 
adaptation,  of  makmg  the  lx;st  of  everything,  which  the  animal 
organism  ix>ssesses.  Doubtless,  a  dog  without  a  stomach  will 
use  to  the  best  advantage  the  digestive  fluids  that  remain  to 
him  ;  and  the  pancreatic  juice,  with  thf  aid  of  the  bile  and  the 
5UCCU5  entencus,  may  be  adequate  to  the  complete  task  of 
digestion.  So,  too,  a  man  from  whom  the  surgeon  has  re- 
moved a  kidney,  or  a  testicle,  or  a  lobe  of  the  thyroid  gland, 
may  be  in  no  respect  worse  off  than  the  man  who  pos- 
sesses a  |iair  of  these  organs.  But  what  do  we  deduce  from 
this  ?  Not,  surely,  that  the  excised  thyroid,  or  testicle,  or 
kidney  was  useless,  or  the  gastric  juice  inactive,  but  that  the 
organism  has  been  able  to  compensate  itself  for  their  loss. 

Pancreatic  Juice. — Pancreatic  juice,  bile,  and  intestinal  juice 
are  all  mingled  together  in  the  small  intestine,  and  act  upon  the 
food,  not  in  succession,  but  simultaneously.  But  by  artificial 
fistula  in  animals  they  can  be  obtained  scimrately ;  and  occasionally 
some  of  them  can  be  procured  through  accidental  fistula*  in  man. 
Pancreatic  juice,  as  obtained  from  a  dog,  by  means  of  a 
cannula  lied  in  the  duct  of  Wirsung  through  an  opening  hi 
the  linca  alba,  is  a  clear,  viscid  liquid  of  distinctly  alkaUne 
reaction.  It  differs  notably  from  saliva  and  gastric  juice  in 
its  high  s|xxific  gravity  (alwut  1030),  and  the  large  proportion 
of  solids  in  it,  which  may  be  as  much  as  10  per  cent.,  or,  roughly 
speaking,  about  the  same  as  in  blood-plasma.  About  nine- 
tcnths  of  the  solids  consist  of  proteids,  and  rather  less  than 
one-tenth  of  inorganic  material  (chiefly  sfniium  carbonate,  to 
which  the  alkaline  reaction  is  due,  and  sodium  chloride).  Traces 
of  soaps  and  of  leucin,  tyrosin  and  xanthin,  may  also  be  present. 
WTien  the  juice  is  heated  to  near  the  boiUng-point,  a  copious 
precipitate  of  coagulated  albumin  is  formed.  The  fresh  juice 
^^  coagulates  spontaneously,  es|)ecially  at  a  low  temperature ; 
^B  l>ut  the  coagutuni  is  soon  digested.  Cold  hinders  the 
^^^^yg^ve  power  of  the  juice  on   the   factors  necessi^r^   Vise 
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coagulation  more  than  it  restrains  the  process  of  clotting.  The 
quantity  of  pancreatic  juice  secreted  during  the  twenty-four  hours 
in  an  average  man  has  been  estimated  at  500  to  800  c.c.  An 
artificial  pancreatic  juice  can  be  made  by  extractini^  the  pancreas, 
which  must  not  be  too  fresh  (p.  377),  with  water  or  glycerine. 

Fresh  pancreatic  juice  contains  four  ferments  :  (i)  The  mother- 
substance,  irypsinogen^  of  a  proteolytic  or  proteid-digesting 
ferment,  trypsin  :  (2)  an  amylolytic  ferment,  amylopsin  ;  (3)  a 
fat-splitting  or  lipolytic  ferment,  steapsin  :  (4)  a  milk-oirdhng 
ferment.  It  is  doubtful  whether  the  last  is  a  different  body 
from  the  trypsin  <see  footnote,  p.  286).  In  any  case,  it 
cannot  be  considered  as  takinf;  any  practical  share  in  digestion, 
since  it  can  hardly  ever  ha])pen  that  milk  passes  through  the 
stomach  without  being  curdled. 

Trypsinogen  has  no  action  upon  proteids,  but  in  normal 
digestion  it  is  changed  into  active  trypsin  by  the  enterokinase 
of  the  intestinal  juice  (p.  301).  »t;sh  pancreatic  juice,  or  an 
extract  of  fresh  pancreas,  does  not  digest  proteids^  but  on 
standing  the  Irypsinogen  is  gradually  activated  into  tryp>sin. 

Trypsin,  to  a  certain  extent,  corresponds  with  pepsin  in  its 
action  on  proteids.  Hut  it  acts  energetically  in  an  alkaline  as 
well  as  in  a  not  too  acid  medium  (a  very  slight  amount  of  diges- 
tion may  go  on  in  distilled  water)  ;  and  its  action  does  not  stop 
at  the  peptone  stage — it  can  split  up  peptones  into  leucin,  tyrosin, 
arginin,  aspartic  acid,  and  other  nitrogenous  substances  simpler 
than  proteids. 

If  fibrin  is  digested  at  a  temperature  of  40°  C.  with  a  I  |>er 
cent,  solution  of  sodium  carbonate,  to  which  a  little  pancreatic 
extract  or  juice  has  been  added,  along  with  a  trace  of  thymol 
to  prevent  putrefaction^  it  is  gradually  eaten  away  without 
swelling  up  and  becoming  transjiarent  as  it  does  in  peptic  diges- 
tion ;  but  some  granular  debris  is  always  left  (p.  377).  This 
undigested  residue  is  soluble  in  i  per  cent,  sodium  hydrate,  but 
it  is  never  entirely  dissolved  in  any  artiftcial  digestion.  In 
natural  digestion,  on  the  contrary,  it  is  never  found:  just  as 
some  dextrin  always  remains  when  ptyalin  has  done  its  utmost 
upon  starch  outside  the  body,  while  in  the  intestine  little  or  no 
dextrin  can  be  detected.  When  the  undigested  residue  is 
filtered  off,  the  solution  may  stil!  contain  :  (i)  A  substance  re- 
sembling alkali-albumin,  which  is  present  only  in  small  amount, 
as  it  is  ra[)idly  changed  into  {2)  allnnnoses,  (3)  ]K'ptone.  (4)  cer- 
tain basic  and  acid  products  of  low  molecular  weight  {ammonia 
and  ihe  hexone-bascs,  arginin,  lysin  and  histidin  ;  and  the  amino- 
acids  leucui,*  tyrosin.  glutamic  and  as^Kirtic  acids).    A  substance 

•  I.euctn.  C4H,,(NI-1,)0^.  is  <j-ainino-isobutyl  acetic  acid,  in  wliich  NH- 
has  replaced  one  H  in  aisobntyl  acetic  acid  (CgHj,0,),  one  of  the  latty 
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termed  tryptophane,  one  of  the  so-called  chromogens,  which  gives 
a  reddish-violet  colour  with  chlorine  or  bromine  water  is  also 
formed.  It  will  depend  on  how  far  the  digestion  has  been 
carried  whether,  and  in  wliat  quantity,  any  one  of  these  bodies 
is  present.  Trypsin  acts  so  much  more  rapidly  and  [wwerfuUy 
than  pepsin  that  only  deutero-albumose,  and  not  primary 
albumoses,  have  been  fotmd  among  the  intermediate  products. 
This  is  scarcely  a  fundamental  distinction,  fur  the  primary 
albumoses  are  readily  converted  into  deutero-albumose. 

The  order  in  which  they  appear  and  their  relative  amount  at 
different  stages  of  the  digestion  show  that  the  alkali-albumin 
and  albumoses  are,  like  the  acid-albumin  and  albumoses  of  peptic 
digestion,  mainly,  at  any  rate,  intermediate  substances  through 
which  proteid  passes  on  its  way  to  |>eptone  ;  and  there  is  no 
reason  to  believe  that  up  to  this  point  there  are  any  essential 
differences  between  the  action  of  tr^'psin  and  pepsin.  In  Ixith 
cases  the  action  consists  in  a  sphtting  up  of  the  complex 
proteid  with  assumption  of  water,  so  that  each  successive  pro- 
duct is  further  hydrated  than  the  last  ;  nor  is  it  possible  to  point 
out  any  radical  difference  l>etween  the  peptone  of  gastric  and 
the  peptone  of  pancreatic  digestion.  It  is  the  further  splitting 
up  of  the  peptone  by  trypsin  into  leucin,  tryosin,  etc,  which 
constitutes  the  main  distinction  between  its  action  and  that  of 
pcfjsin  ;  and  trypsin  is  ca)»able  of  causing  this  further  decom- 
l.x)sition  not  only  in  peptone  formed  from  proteids  under  its 
own  influence,  but  in  peptone  fonned  under  the  influence  of 
pepsin,  too.  This  distinction,  however,  is  merely  one  of  degree. 
For  pepsin  also  produces  a  certain  amount  of  aspartic  acid, 
arginin,  etc.,  although  no  leucin  or  tyrosin.  except  after  pro- 
longed digestion,  while  as  much  as  8  to  lo  |ier  cent,  of  leucin, 
and  2  to  4  [xt  cent,  of  tyrosin,  may  be  yielded  by  an  artificial 
tryptic  digestion  of  fibrin.  Trypsin  is  a  more  |X)werful  ferment 
than  (lepsin,  and  naturally  carries  the  decomposition  farther, 
and  accomplishes  it  with  greater  case.  This  argument  is 
strengthened  when  we  find  that  without  a  ferment  at  all,  by 
the  prolonged  action  of  various  agents  which  cause  hydration 
(dilute  acids  or  alkalies,  or  superheated  steam,  or  oxidizing 
substances  like  ozone),  albumoses  and  |>eptones  first,  and  ulti- 
mately leucin,  tyrosin,  etc.,  may  be  formed  from  ordinary 
proteids.  In  fact,  when  the  complex  proteid  molecule  is  split 
tip  by  proteolytic  ferments,  or  by  other  and  not  too  violent 
agents,  there  are  certain  favourite  '  sets '  or  combinations  into 


Acid  fleries.  Tvrcwm,  C^l4(C,H40H)(NH,)0,,  is  related  to  propionic  acid 
(CjH^O..).  another  of  the  larty  acids.  If  one  H  in  propionic  acid  is  re- 
placed liy  NH^  we  get  aminonropionic  acid.  t"^H5(Nll,)0,.  If  anotluT  11 
IS  rrpl.-icetl  by  oxyphenyl  (C.HjOH),  an  aromatic  radirlc    wr  (;*■(  tvcostU 
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which    its    constituents    are    apt  to   fall,    no  matter   how   the 
decomposition  may  be  brought  about. 

In  all  that  wc  have  hitherto  said  regarding  tr\'ptic  digestion 
we  have  suppos*'d  thiit  jiutnfarlion  has  been  entirclv  prevented. 
If  no  antise]»lic  is  added  to  a  tryptic  digest,  it  rapidly  becomes 
filled  with  micro-organisms,  and  emits  a  very  disagreeable  L'ecal 
odour ;  and  now  various  bodies  which  are  not  found  in  the 
absence  of  putrefaction  make  their  ajipearance,  such  as  indo], 
skatol,  and  other  substances,  to  which  the  ffecal  (xiour  is  due. 
They  are  not  true  products  of  tryptic  digestion,  but  are  formed 
by  the  putrefactive  micro-organisms,  which  can  themselves 
break  up  proteids  into  leucin  and  tyrosin,  and  change  tyrosin 
into  indoi. 

Amylopsin^  the  diastatic  or  sugar- forming  ferment  of  pancreatic 
juice,  changes  starch  into  dextrin  and  maltose,  just  as  ptyalin 
does  ;  but  it  is  more  powerful,  and  readily  acts  on  raw  starch 
as  well  as  boiled. 

Steapsin  splits  up  neutral  fats  into  glycerine  and  the  corre- 
sponding fatty  acids.  The  latter  uitite  with  the  alkalies  of  the 
pancreatic  juice  and  tlie  bile  to  form  soaps.  In  this  important 
process  bile  acts  as  the  helpmate  of  pancreatic  juice  ;  together 
they  effect  much  more  than  either  or  both  can  accomplish  by 
separate  action.  It  is  much  more  difliciilt  to  extract  an  active 
fat-splitting  ferment  from  the  pancreas  with  glycerine,  water, 
or  salt  solution  than  it  is  to  extract  the  proteolytic  and  amylo- 
lytic  ferments.  Many  tissues  contain  fat -split  ting  ferments 
called  lipases,  which  are  probably  not  identical  with  stea{)sin. 

Bile. — Bile  is  a  liquid  the  colour  of  which  varies  greatly  in 
different  groups  of  animals,  and  even  in  the  same  species  is 
not  constant,  depending  on  the  length  of  time  the  fluid  has 
remained  in  the  *;all-bladder  and  other  circumstances.  When 
it  is  recognised  that  the  coloui'  depends  on  a  series  of  pigments, 
which  are  by  no  means  stable,  and  of  which  one  can  be  caused 
to  j-vass  into  another  by  oxidation  or  reduction,  this  want  of 
uniformity  will  be  easily  intelligible.  The  fresh  bile  of  carni- 
vora  is  golden  red  :  the  liile  of  herbivorous  animals  is  in  general 
of  a  green  lint,  but,  when  it  hits  been  retained  long  in  the  gall- 
bladder, may  incline  to  reddish-brown.  Human  bile  is  generally 
of  a  reddish  or  golden-yellow  colour.  Beaumont  speaks  of  the 
yellowish  bile  which  he  could  press  into  the  stomach  of  St. 
Martin  by  manipulating  the  abdomen,  but  bile  flowing  from  a 
fistula  has  been  ol)ser^'ed  to  be  green  (Kobson,  Coj)eman  and 
Winston).  That  of  a  monkey  taken  from  the  gall-bladder  im- 
mediately after  death  is  dark  green,  but  if  left  a  few  hours  in 
the  gall-bladder  it  is  brown,  the  green  pigment  having  been 
reduced.     It  should  be  remembered  that  human  bile  may  alter 
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Its  colour  in  the  interval  which  mtist  elaj^sc  before  it  can  usually 
be  procured  after  death.  Bile,  as  obtained  from  accidental 
fistulas  in  othei-wise  healthy  persons,  has  a  much  lower  s-jKcific 
gravity  than  pancieatic  juice  (1008  to  loio).  In  the  gall- 
bladder water  is  absorbed  from  the  bile  and  mucin  added  to 
it,  so  that  the  specific  gravity  of  bladder  bile  is  as  high  as  1030 
to  1040.  The  reaction  is  feebly  alkaline.  Tlie  com|)osition  of 
human  bile  from  a  fistula  was  approximately  as  follows  : 

Water         .  -  .  .  98 j  parts  in   i,ooQ 

Solids  : 

Mucin  and  pigments  •  -     r^) 

Bile -salts         -  -  *     7*5 1 

lecithin  and  soaps      -  -     i     !- 1 8 

Cholesterin 

Inorganic  salts 

It  will  be  observed  that  no  proteids  are  enumerated  in  this 
table  ;  bile  contains  none,  and  it  is  unlike  all  the  otlier  digestive 
juices  in  this  respect. 

Mucin  is  scarcely  to  be  looked  upon  as  an  essential  constituent  of 
bile  ;  it  is  not  formed  by  ihc  actual  bile-secreting  cells,  but  by 
mucous  glands  in  the  walls  and  goblel-cclls  in  the  epithelial  lining 
of  the  larger  bilc-ducts,  and  especially  ol  the  gall-bladder.  The 
mucin  of  human  bile  is  a  true  mucin,  but  that  of  o\-bile  is  a  nnclco- 
albumin  (p.  1).  It  may  be  removed  by  precipitation  with  alcohol 
or  dilute  acetic  acid. 

Bile- pigments. — It  has  been  said  that  these  form  a  scnes,  but 
only  two  of  the  pigments  of  that  scries  arc  present  in  nfirrual 
bile,  bilirubin  and  biliverdin.  In  human  bile  as  usually  obtained, 
the  former,  in  herbivorous  bile  and  that  of  some  cold-blooded 
animals,  such  as  the  frog,  the  latter  is  the  chief  ]>igmcnt.  But  in 
fresh  human  bile  biliverdm  m^y  be  chiefly  present,  and  bilirubin 
can  Ijc  extracted  in  large  amount  from  the  gall-stones  of  cattle  ; 
while  the  placenta  of  the  bitch  contains  bihvcrdm  m  quantity. 
although,  as  in  all  carnivora,  it  is  cither  absent  from  the  bile  i^r 
exists  in  it  in  comparatively  small  amount.  All  these  facts  show 
that  the  two  pigments  arc  readily  interchangeable. 

Bi/irubin  is  tiest  jircparcd  from  powdered  red  gall-stones  by  dis- 
solving' the  chalk  with  nydroLhIoric  acid,  and  extracting  the  residue 
with  chloroform,  which  takes  up  the  pigment.  From  this  solution, 
on  c'vai>oration,  beautiful  rhombic  tables  or  prisms  of  l>iUrubin 
separate  out  :  and  the  crj'stals  arc  finer  when  the  solution  also  con- 
tains cholesterin  than  when  it  is  pure. 

lUlivcvdin  can  be  obtained  from  the  placenta  of  the  bitch  by 
extraction  with  alcohol.  It  is  insoluble  in  chloroform,  and  by  means 
of  this  property  it  may  l>e  separated  from  bilirubin  when  the  two 
'    ippcn  to  be  present  together  m  bile.      Biliverdin  can  also  l>e  formed 

\nx  bilirubin  by  oxidation.     Bv  the  aid  of  active  oxidizing  agents, 

ich  as  yellow  nitric  acid  (which  contains  some  nitrous  acid),  a 
rbolc  series  of  oxidation  products  of  bihrubin  is  obtained,  beginning 

llh  biliverdin.  and   passing  through  bilicyanin,  a  blue   pigment, 

I  bili-purpurin,  which  is  purple,  and  finally  to  cholctehn.  a  yellow 

ibstancc.      It  is  f>ossible  that  there  are  <itner  intermediate  bodies. 

\\%  is  the  foundation  of  Gmrhn's  Ust  for  bih-pi^meni&  («wc  VtwiAfvcai 
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Exercises,  p.  379I.  The  same  substances  are  produced,  and  in  the* 
same  order,  when  h  sohiticm  nf  bilirubin  in  chloroform  is  treated 
with  a  dilute  ;ilcobohc  solution  oi  iodine. 

The  positive  pole  of  a  galvanic  current  causes  the  same  oxidativi 
ch?inges,  the  same  play  o(  colours,  wliile  the  reducing  action  of  th< 
negative  pole  reverses  the  eftect,  if  the  action  of  the  positive  electrode 
has  not  pone  too  far.  Starting  from  bilivcrdin.  the  negative  poh 
causes  the  green  to  pass  through  yellowish-green  into  golden-yellow, 
and  ultimately  into  pale  yellow,  indicating  a  scries  of  bodies  formed 
by  reduction  of  the  bilivcrdin.  These  reactions  can  also  be  used  for 
the  detection  of  bile-pigments. 

By  the  reducinij  action  of  sodium  amalgam,  or  of  tin  and  hydro- 
chloric acid,  on  bilirubin,  but  not  ai>parentlv  by  electrolysis,  hydro- 
bihrubin  is  obtained.  This  is  similar  to  Init  not  identical  with 
the  urobilin  of  urine,  and  with  the  tirobilir  (stcrcobiHn),  found  in 
the  f^ces  from  birth  onwards,  althoni^h  not  in  the  meconium 
(p.  350),  and  derived  from  the  normal  bile-pigment  by  reduction 
in  the  intestine  itself,  where  reducing  substances  due  to  the  action 
of  micro-organisms  are  never  absent  in  extra -uterine  life.  The 
changes  occurring  in  oxidation  and  reduction  of  tlio  bile-pigment 
may  be  partially  represented  as  follows  : 

Bilimbin.  UiUverdin.  Cholclehti 


1^1 


lira  bill. 


O,-|-4H,0  =  3(C«H„N^0;..2H2O). 

Hydrobilirubin. 


Judging  from  the  analogy  of  the  blood-pigment— from  which,  as' 
we  shall  see,  the  bile-pigment  is  derived,  and  the  changes  in  which^ 
through  oxidation  and  reduction,  liave  a  certain  superficial  resem- 
blance to  those  which  bilirubin  undergoes  when  it  is  converted  into 
bilivcrdin.  and  which  bilivcrdin  undergoes  when  it  passes  back  again 
to  bilirubin — we  might  have  expected  bile  to  possess  a  characteristic 
spectrum. 

This,  however,  is  not  the  case.  The  bile  of  most  animals  shows  no 
bands  at  all.  The  fresh  bile  of  certain  animals,  the  ox,  for  instance, 
does  show  bands— a  strong  one  over  C  and  two  weaker  bands,  one 
of  which  is  just  to  the  left  of  D.  and  the  other  to  the  right  of  it,  but 
nearer  D  than  F.  The  two  last  bands  grow  stronger  when  the  bile 
is  allowed  to  stand  for  twenty-four  hours,  and  in  about  three  days, 
in  warm  weather,  a  fourth  sharp  hand  may  appear  between  C  and  B. 
Hut  none  of  these  bands  is  due  to  the  normal  bile-pigment,  and 
they  arc  not  essentially  changed  when  this  is  oxidi?;ed  or  reduced  by 
electrolysis.  MacMunn  attributes  the  spectrum  of  the  bile  of  the 
ox  and  sheep  to  a  body  which  he  calls  cholohLematin,  and  which 
does  not  belong  to  the  bile-pigments  proper.  Of  the  derivatives 
of  the  bilirubin  set,  only  the  lowest  and  the  liighcst  members, 
hydro-bitiruhin  and  choletelin.  are  described  as  giving  absorption 
sf>ectra. 

The  Bile-salts. — These  arc  the  sodium  salts  of  two  acids,  glyco-l 
cholic  and  taurocholic.  In  human  bile  both  are  present,  but  the 
former  in  greater  quantity  than  the  latter  ;  sometimes  taurocholic 
acid  is  entirely  absent.  In  the  bile  of  the  dog  and  cat  only  tauro- 
cholic acid  is  found  ;  in  that  of  the  carnivora  generally  it  is  by  far 
the  more  important  of  the  two  acids  ;  in  the  bile  of  most  herbivor; 
there  is  much  more  glycochohc  than  taurocholic  acid. 

Both  acids  arc   made   up    of  a   non-nitrogenous   bodv.  chohc   ofj 


I 


DIGESTION 


297 


cholalic  acid,  and  a  nitrogenous  body,  glycin  or  glycocoU  in  gly- 
cocholic.  and  taurin  in  taurocholic  acid. 

The  decomposition  of  thu  bile-acids  into  these  substances  is 
effected  by  boiling  them  with  dilute  acid  or  alkali,  a  molecule  of 
-water  being  taken  up  ;  thus— 

Clycocholic  acid.  Glycin.  Cholic  Acid. 

C^H»NSOr  +  H,0=C,HyNSOj+C«H»0.. 

Tautocnitlu;  ai'id.  Tuurin.  CboUciicIa. 

Taurocholic  acid  is  much  more  easily  broken  upthan  glycocholic ; 
even  l>oiIing  with  water  is  snfttcient. 

Olycin  is  antino-acctic  acid,  taurin  is  amino-iscthionic  acid,  an 
.Atom  of  the  hydrogen  of  the  acid  being  in  each  case  replaced  by 
NHj.  A  notable  difference  between  glyctx'holic  and  taurocholic 
acid  is  that  the  latter  contains  sulphur.  The  whole  of  this  belongs 
to  the  taurin. 

Traces  of  cholic  acid,  formed  by  hydrolysis  from  the  bile-acids, 
probably  by  the  action  of  putrefactive  bacteria,  are  found  in  the 
intestines,  esjxjcially  in  the  lower  portion. 

Ptttenkofer's  test  for  htie-acids  (Practical  Exercises,  p.  378),  acci- 
dentallv  discovered  in  examining  the  action  of  bile  u]>on  sugar, 
depends  upon  three  facts  :  (1)  That  cholic  acid  and  furfurol  give  a 
purple  colour  when  brought  together;  (j)  that  the  bile-salts  yield 
cholic  .icid  when  acted  upon  by  sulphuric  acid  ;  (3)  that  when  cane- 
sugar  is  decomposed  by  strong  sulphuric  acid,  furfurol  is  formed. 

Since  a  similar  colour  is  given  when  the  s-ime  reagents  arc  added 
to  a  solution  containing  albumin,  it  is  necess.irv*  to  remove  this,  if 
present,  from  any  liquid  which  is  to  be  tested  for  bile-acids. 

Ltdthtn  and  choiesiertn  are  by  no  means  peculiar  to  bile.  They 
are  found  in  almost  all  the  liquids  of  the  body,  and  are  especially 
important  constituents  of  the  nervous  substance.  The  former  is 
a  crystallizable  fat  of  a  |irculiar  nature,  containing  nitrogen  and 
ph(5sphorus.  It  is  unstable,  and  when  heated  with  barvta-water  it 
yields  a  soap,  barium  stearate,  which  is  precipitated,  and  two  other 
Aubstanccs,  choline  and  glycero-phosphoric  add,  which  remain  in 
solution. 

Cholrsterh  is  a  triatomic  alcohol.  It  is  best  obttuned  from  white 
gall-stones,  of  which  it  is  the  chief,  and  sometimes  almost  the  sole, 
constituent  (see  iVactical  Exercises,  p.  379). 

The  chief  inur;:anic  salts  of  bile  are  sodium  chloride,  sodium  car- 
bonate, and  alkaline  sodium  phosphate.  Tlje  phosphoric  acid  of  the 
ash  comes  partly  from  the  phosphorus  of  organic  compounds  (lecithin 
and  bile-mucinj.  the  sulphuric  acid  from  the  sulphur  of  taurocholic 
acid,  the  sodium  largely  from  the  bile-salts.  Iron  is  a  notable  in- 
organic constituent  of  bile,  although  it  exists  only  in  traces,  in  the 
form  of  phosphate  of  iron.  Manganese  is  also  present.  100  c.c.  of 
fresh  bile  yields  50  to  too  c.c.  of  carlxin  dioxide,  part  of  which  is  in 
solution  and  part  Combined  with  alkalies. 

The  quantity  of  bile  secreted  in  twenty-four  hours  in  an  average 
man  is  probably  from  750  c.c.  to  a  litre. 

The  great  action  of  the  bile  in  digestion  is  undoubtedly  the 
preparation  of  the  fats  for  absorption.  In  this  preparation  two 
prtKcsses  are  im}x>rtact :  a  chemical  process,  saponificaiion,  or 
the  formation  of  soaps  from  the  fatty  acids  of  decomposed  neutral 
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fats,  and  a  physical  process,  emuhificaiion,  or  the  formation  of  a 
mechanical  susj>ension  of  such  fine  globules  of  unaltered  neutral 
fat  as  exist  in  milk.  While  there  has  been  much  discussion  as  ta 
the  relative  share  taken  by  saponification  and  emulsification  in 
the  absorption  of  fat  (p.  3<)4),  there  is  no  doubt  that  they  are  both 
concerned  in  the  digestion  of  fat  or  the  j^reparation  of  it  for  absorp- 
tion. Tn  this,  indeed,  the  two  processes  are  complementary,  for 
an  essential  preliminary  to  emulsification  in  the  intestine  seems 
to  be  the  formation  of  a  certain  amount  of  soaps,  while  the  forma- 
tion of  an  emulsion  at  least  increases  the  surface  of  contact 
between  the  unaltered  (at  and  the  digestive  juices,  and  so  favours 
more  rapid  saponification.  In  i)otli  ])rocesses  the  bile  plays  a 
part,  though  not  an  independent  one  ;  it  acts  always  in  conjunc- 
tion with  the  pancreatic  juice. 

No  completely  satisfactory  explanation  has  been  given  of  the 
precise  nature  of  this  partnership,  but  it  is  certain  that  the  fat- 
splitting  ferment  of  the  pancreatic  juice,  on  the  one  hand,  and  the 
bile-salts  on  the  other,  contribute  largely  to  the  total  action.  An 
alkaline  solution,  a  solution  of  sodium  carbonate,  eg.,  is  unable 
of  itself  to  emulsify  a  perfectly  neutral  oil  ;  but  if  some  free  fatty 
acid  l)e  added,  emulsification  is  rapid  and  cornplelt  {p.  8).  Now, 
there  is  no  doubt  that  here  a  soap  is  formed  by  the  action  of  the 
alkali  on  the  fatty  acid,  and  there  is  equally  little  doubt  that  the 
formation  of  the  soap  is  an  essential  part  of  the  emulsilication. 
But  it  is  not  clear  in  what  manner  the  soap  acts,  whether  by 
forming  a  coating  round  the  oil-globules,  or  by  so  altering  the 
surface-tension,  or  other  physical  properties  of  the  solution  in 
which  it  is  dissolved,  that  they  no  longer  tend  to  run  together. 
However  this  may  be,  in  pancreatic  juice  we  liave  the  two  factors 
present  which  this  siinj)le  e.\|>eriment  shows  to  be  necessary  and 
sLitftcient  for  emulsification  ;  we  have  a  ferment  which  can  split 
up  neutral  fats  and  set  free  fatty  acids,  and  an  alkah  which  can 
combine  with  those  acicLs  to  form  soaps.  Accordingly,  jwincreatic 
juice  is  able  of  itself  to  form  emulsions  with  perfectly  neutral  oils. 
It  is  possible  that  the  proteid  constituents  of  pancreatic  juice 
may  have  a  share  in  enuilsificalioii.  In  bile,  on  the  contrary, 
although  Ihe  alkali  is  present,  there  is  no  fat-splitting  ferment, 
and  according  lo  the  best  ex]>eriments,  bile  alone  has  no  emulsify- 
ing power.  But  we  now  come  to  a  remarkable  fact  :  this  inert 
bile  when  added  to  pancreatic  juice  greatly  intensifies  its  emulsify- 
ing action,  and  a  solution  of  bile-salts  has  much  the  same  effect  as 
bile  itself.  The  fact  is  undoubted,  but  the  explanation  is  obscure. 
What  it  is  that  the  bile  or  bile-salts  can  add  to  the  pancreatic 
juice  which  so  increases  its  power  of  emulsification.  we  do  not 
know.  It  is  indeed  true  that  the  bile,  presumably  in  virtue  of  its 
alkaline  salts,  can,  in  presence  of  a  iree  fatty  acid,  rapidly  form 
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an  emulsion.     But  the  pancreatic  juice  itself  contains  a  consider- 
able quantity  of  sodium  rarbonatc. 

A  part  of  the  effect  of  the  bile  is  due  to  its  favourinf;  in  some 
way  the  fat-sphttin^  action  of  the  pancreatic  juice.  By  the 
addition  of  bile,  the  quantity  of  fat  split  up  by  a  definite  amount 
of  doit's  pancreatic  juice  may  be  increased  two  to  threefold. 
The  cai>acity  of  dissolving  soaps  and  fatly  acids,  which  is  a 
property  of  the  bile-salts,  is  also  of  im|xirtance  in  supple- 
menting the  stilvent  jx»wer  of  the  intestinal  liquids  for  tlie 
[>roducts  formed  by  the  pancreatic  juice.  But  however  the 
mutual  action  of  the  two  juices  on  the  digestion  of  fats  may  be 
explained,  there  is  no  doubt  that  they  are  equally  necessary. 
For  in  some  diseases  of  the  pancreas  fat  or  fatty  arid  often  appears 
in  the  stools,  and  this  token  of  imi>erfect  digestion  of  the  fatty 
food  may  be  confirmed  by  the  wasting  of  the  patient  ;  and  the 
same  occurs  when  the  bile  is  prevented  by  obstruction  of  the  duct 
or  by  a  biliary  fistula  from  entering  the  intestine. 


»■■ 


The  white  stools  of  jaundice  owe  their  colour,  not  merely  to  the 
absence  of  bile-pigmcnt,  but  also  to  the  presence  of  fat.  Their 
highly  offensive  odour  used  to  be  adduced  as  evidence  that  bile  is 
the  '  natural  antiseptic  '  of  the  intestine.  It  seems  nithcr  to  be  due 
to  the  coalinR  of  the  particles  of  food  with  un<Ugested  fat,  which 
shields  the  protcids  from  the  action  of  the  digestive  juices  while 
permitting  the  putrefactive  bacteria  to  revel  in  them  unchecked.  As 
a  matter  of  fact,  the  bile  itself  has  little,  if  any,  |x>wer  of  tundering 
the  growth  of  micro-organisms,  although  ttie  frev  btlu-acids  arc 
tolerably  active  antiseptics.  In  suckling  children  it  is  not  un- 
common lo  see  the  f»ccs  white  with  fat.  This  is  a  less  serious 
»*ymptom  than  in  adults,  and  perhaps  l>etokens  merely  that  the 
'  milk  in  the  feeding-bottle  is  undiluted  cow's  milk,  which  is  richer 
in  fat  than  human  milk,  and  ought  to  be  mixed  with  water. 


Bidder  and  Schmidt  found  that  the  chyle  in  the  thoracic  duct 
of  a  normal  dog  contained  yz  {)er  cent,  of  fat.  In  a  dog  with 
the  bile-duct  ligatured  the  projjortion  fell  to  o-2  i>er  cent.  It  is 
an  instance  of  the  extraordinarily  exact  adaptation  of  the  diges- 
tive jtiices  to  the  nature  of  the  food,  the  mechanism  of  which  will 
present  itself  for  discussion  later  on.  that  the  reinforcing  action  of 
the  bile  uj>on  the  fat-splitting  ferment  of  the  pancreatic  juice  is 
^eater  when  the  food  is  rich  in  fat. 

Bile  has  been  credited  with  a  physical  power  of  aiding  the 
fe  of  fat  througii  membranes,  and  it  has  been  inferred  that 

lis  has  an  im|K)rtant  bearing  on  the  absorption  of  fat  from  the 

itestme.     But  the  mterence  does  not  follow  from  the  statement, 

td  the  statement  has  been  itself  denied. 

r>n  proteids  bile  has  either  no  digestive  action,  or  only  a  feeble 
one.  Fibrin  is  slightly  digested  by  the  bile  of  the  dog  and  oC 
man.     But  the  addition  of  it  to  fresh  pancreatic  \vi\cc  cnasidge*^ 
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ably  increases  the  proteolytic  power  of  that  secretion  (RacH 
ford)»  although  not  so  decidt'dly  its  in  the  case  of  the  fat-splitting 
action.  The  ainylolytic  action  of  the  pancreatic  juice  is  also 
favotired  by  the  bile,  and  in  al>out  the  same  degree  as  its  proteo- 
lytic action.  Although  bile  sometimes  exerts  by  itself  a  feebly 
amylolytic  action,  this  is  not  to  be  included  among  its  specilic 
]xnvers,  for  a  diastatic  ferment  in  small  quantities  is  widely 
difi'used  in  the  body. 

The  addition  of  bile  or  bile-salts  to  a  gastric  digest  causes  a 
precipitate  of  acid-albumin,  albumose,  and  pepsin.  The  pre- 
cipitate is  soluble  in  excess  of  bile,  or  of  a  solution  of  bile-salts, 
Imt  the  pepsin  has  no  longer  any  power  of  digesting  proteids. 
Part  of  the  bile-acids  and  bile-mucin  is  also  thrown  down  by  the 
acid  of  the  digest.  It  has  been  suggested  that  by  thus  precipi- 
tating the  constituents  of  the  chyme  which  have  not  been  carried 
to  the  peptone  stage  bile  prepares  them  for  the  action  of  the 
pancreatic  juice.  But  it  is  difficult  to  see  how  the  precipitation 
of  a  substance  tan  prepare  the  way  for  its  digestion,  and  it  is 
not  certain  that  the  excess  of  bile  required  to  neutralize  th< 
chyme  and  re-dissolve  the  precipitated  proteids  actually  exists." 
There  is  little  doubt,  however,  that  the  rendermg  of  the  pejjsin  in- 
active has  physiological  significance,  for  pepsin  exerts  an  injurious 
influence  xipon  the  ferments  of  the  pancreatic  juice.  In  digestion, 
IhdH,  the  bile  has  a  twofold  junction^  favouring  greatly  the  activity  of 
the  pancreatic  ferments,  especially  the  fai-spliUing  ferment,  and 
aiding  in  establishing  the  conditions  necessary  for  the  transition 
of  gastric  into  intestinal  digestion. 

Succus  entericus, — This  is  the  name  given  to  the  special 
secretion  of  the  small  intestine,  which  is  sup]x)sed  to  be  a  product 
of  the  Lieberkiihn's  crypts.  In  order  to  obtain  it  pure,  it  is 
of  course  necessary  to  prevent  admixture  with  the  bile,  the  pan- 
creatic juice,  and  the  food.  This  can  be  done  by  dividing  a  loop 
of  intestine  from  the  rest  by  two  transverse  cuts,  the  alxlomen 
having  been  c]>ened  in  the  linea  alba.  The  contmuity  of  the  | 
digestive  tube  is  restored  by  stitching  the  portion  below  theH 
isolated  loop  to  the  part  above  it  ;  one  end  of  the  loop  is  sewed 
into  the  lips  of  the  wound  in  the  linea  alba,  and  the  other  being 
closed  l>y  sutures,  the  whole  forms  a  sort  of  test-tube  opening  ex- 
ternally (Thiry's  hstula).  Or  jjoth  ends  are  made  to  open  through 
the  abdominal  wound  (Vella's  fistula).  Another  niethod  is  to  make 
a  single  opening  in  the  intestine,  and  hj'-  means  of  two  indianibber 
balls,  one  of  which  is  pushed  down,  and  the  other  up  through  the 
opening,  and  which  are  afterwards  inflated,  to  block  off  a  piece 
of  gut  from  communication  with  the  rest.  Or  several  openings 
may  be  made  at  different  levels  in  the  intestine,  each  being  allowed 
to  heal  into  a  wound  in  t)ic  abdominal  wall.  When  i>ure  juice  is 
reguired  it  is  collected  from  the  lower  fistula?,  while  the  upper 
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fistulie  are  opened  to  permit  the  escape  of  the  secretions  which 
enter  the  higher  |>ortions  of  the  aUmentan,'  canal  (gastric  juice, 
pancreatic  juice,  and  bile).  The  intestinal  juice  so  obtained  is  a 
thin  yellowish  liquid  of  alkaline  reaction.  Its  specific  gravity  is 
about  loio.  It  contains  a  small  amount  of  proteids,  and  about 
the  same  proportion  of  inorganic  salts  as  most  of  the  liquids  and 
solids  of  the  body,  namely,  07  or  08  |>er  cent.  ;  but,  like  the 
other  digestive  liquids,  it  is  adapted  to  the  nature  of  the  lood, 
and  therefore  its  composition  is  not  quite  constant.  Like  bile, 
intestinal  juice  acts  but  feebly  on  the  food  substances  by  itself, 
and  if  we  contented  ourselves  with  examining  the  pure  and  isolated 
-secretion,  we  should  greatly  underestimate  its  importance.  The 
sodium  carbonate,  in  which  it  is  exceedingly  rich,  wnli,  to  be  sure, 
form  soaps  with  fatty  acids  produced  by  the  action  of  the  pan- 
creatic juice  or  of  the  fat-splitting  bacteria  in  which  the  intestine 
aliounds,  and  thas  aid  in  the  digestion  of  fats.  That  a  great 
deal  of  fat  may  be  split  up  in  the  alimentary  canal  in  the 
absence  both  of  bile  and  pancreatic  juice  is  well  ascertained. 
The  alkali  of  the  succus  entericus  must  at  the  same  time  aid  in 
neutralizing  the  original  acidity  of  the  chymi',  and  in  preserving 
the  pro|>er  reaction  of  the  intestinal  contents.  A  ferment  called 
invrrtitt — which  is  not  introduced  with  the  food  or  formed  by 
bacterial  action  as  has  been  suggested,  since  it  occurs  in  the 
aseptic  intestine  of  the  new-born  child — will  invert  cane-sugar. 
The  same  ferment,  or   more   probably   separate   inverting,  will 

ause  a  corrtJSjxjnding  change  in  maltose  and  lactose  (see  iocjt- 
note,  p.  290).  On  native  proteids  and  starch  the  isolated 
succus  entericus  has  little  or  no  action.  But  it  contains 
a  ferment,  erepsin,  which,  although  it  does  not  affect  native 
proteids  like  fibrin  and  egg  albumin,  exerts  a  powerful  action 
on  ].)eptone,  breaking  it  up  into  bodies  which  no  longer  give 
the  biuret  reaction  (ammonia,  leucin,  tyrosin,  hexone  bases).  It 
destroys  the  diphtheria  toxine,  which  is  also  rendered  innocuous 
by  try|>sin.  Erei>sm,  however,  is  not  specific  to  the  secreted 
intestinal  juice,  for  it  occurs  also,  not  only  in  the  mucous  mem- 
brane of  the  intestine,  but  in  all  animal  tissues  hitherto  investi- 
gated. The  kidney  is  even  richer  in  erepsin  than  the  intestinal 
mucous  membrane.  Next  to  these  come  the  pancreas,  spleen, 
and  liver,  then  at  a  long  interval  the  heart  muscle,  while  skeletal 
muscle  and  brain-tissue  are  jXK»rest  of  all  in  the  ferment  (Vernon). 
The  secretion  of  Brunner's  glands  in  the  duodenum,  which  re- 
semble in  structure  the  pyloric  glands  of  the  stomach,  digests 
co.igiilated  albumin,  although  its  proteolytic  powers  are  feebler 
than  tliose  of  tlie  pancreatic  juice. 

The  most  importiuit  constituent  of  succus  enterku* 

rticrffktMfisc,  whjch  differs  from  all  the  ferment* 

cscril>ed  in  acting  not  directly  upon  the  iood 
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tiypsinogen  of  the  pancreatic  juice,  changing  it  into  the  activi 
enzyme  trypsin.  It  may  therefore  be  spoken  of  as  a  ferment  of 
ferments.  It  has  been  previously  stated  that  freshly  secreted 
pancreatic  juice  is  without  action  upon  proteids.  The  addition 
of  succus  entericus  immediately  confers  upon  it  a  high  degree  of 
proteolytic  power.  In  one  expermient  jiancrealic  juice,  obtained 
i>y  a  temix)rary  tistula^  required  foui"  to  six  hours  to  dissolve 
fibrin,  and  did  not  attack  coagulated  albumin  even  in  ten  hours. 
On  addition  of  succus  entericus,  tlie  same  pancreatic  juice 
dissolved  fibrin  in  three  to  seven  minutes,  and  rapidly  digested 
coagulated  albumin  (Pawlow).  In  like  manner  a  glycerine 
extract  of  a  fresh  pancreas  has  hardly  any  effect  on  proteids  ;  a 
similar  extract  of  a  stale  pancreas  is  active.  The  fresh  pancreas 
contains  tr>'[)sinogen,  which  is  soluble  in  glycerine,  for  the  inert 
extract  becomes  active  when  it  is  treated  with  dilute  acetic  acid, 
or  even  when  it  is  diluted  with  water  and  kept  at  the  body-tem- 
peratme.  If  the  fresh  pancreas  be  first  treated  with  dilute  acetic 
acid,  and  then  with  glycerine,  the  extract  is  at  once  active. 
The  trypsinogen  can  therefore  be  activated  Mithin  the  pancreatic 
cells,  gradually  when  the  pancreas  is  simply  allowed  to  stand 
after  excision,  more  rapidly  m  presence  of  the  dilute  acid.  The 
ordinary  tests  for  ferment  action  (destruction  by  boiling,  activity 
in  very  small  amounts,  etc.)  have  shown  that  this  j>roperty  of  the 
intestinal  juice  is  due  to  a  ferment.  The  smallest  trace  of  entero- 
kinase  will  convert  a  large  quantity  of  tryj^sinogen  into  trypsin 
if  time  be  given.  At  the  same  time,  although  to  a  much  smaller 
extent,  the  fat-splitting  and  starch-digesting  activity  of  the 
pancreatic  juice  is  increased.  The  secretion  of  the  duodenum 
causes  a  greater  increase  in  the  j^roteolytic  ]>ower  than  that  of  the 
other  portions  of  the  small  intestine,  while  no  such  thffercnce  lias 
been  made  out  in  the  case  of  the  amylr>lytic  and  lipolytic  fimc- 
tions.  It  is  probabie  tliat  tlie  enterokinase,  which  is  secreted 
mainly  in  tlie  uppt-r  jiart  of  the  small  intestine,  acts  only  on  the 
trypsinogen,  and  that  the  amylopsin  and  steapsin  are  aided  in 
some  other  way. 

Dclezeniie  has  attempted  to  cxpliiin  the  interaction  of  entero- 
kinase and  tryp.sinogcn  as  an  adaptive  phenomenon  of  the  same 
kind  as  the  formcitiou  of  antitoxins  and  lLa?niolysins  (p.  21).  Ac- 
cording to  him,  enterokinase  acts  like  a  complement  in  haemolysis. 
while  trypsinogen  plays  the  part  of  an  intermediary  body  or  ambo- 
ceptor which  enables  the  enterokinase  to  attack  tlie  proteid  mole- 
cule. He  asserts  that  enteroldnase,  or  a  substance  wnich  produces 
a  simitar  effect  on  trypsinogen,  is  contained  not  only  in  the  mucous 
membrane  of  the  intestine,  but  also  in  leucocytes,  in  fibrin  (one  of 
whose  properties  it  is  to  pick  out  ferments  from  lit^uids  containing 
thcni).  in  lyniph-glands,  in  snake  venom,  and  even  in  certain  anae- 
robic bacteria.  On  this  view  trypsin  would  not  be  a  definite  sub- 
stance produced  by  the  interaction  of  enterokinase  and  trypsinogen, 
but  only  an  expression  for  these  two  bodies  acting  together.     Strong] 
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evidence  agiiinst  this  view,  and  in  favour  of  the  independent  existence 
ol  trypsin,  has  been  brought  forward  bv  Hayliss  and  Starling,  and 
it  does  not  seem  to  merit  further  consideration. 

According  to  Pawlow,  the  reason  why  the  trypsin  is  not  secreted 
in  the  active  form  is  that  active  tryi>sin  readily  destroys  the 
amylolytic  and  lijxilytic  ferments.  In  the  intestine,  wliere 
tr>*psin  is  rendered  active  by  enterokmase,  these  ferments  are 
protected  from  its  attack  by  the  proleids  of  the  food  and  by  the 
bde. 

In  all  the  young  mammals  hitherto  investigated,  including  the 
new-born  child,  the  small  intestine  throughout  its  whole  extent 
contains  a  ferment  which  has  the  property  of  forming  lactic  acid 
from  lactose.  This  is  present  also  in  some  adult  mammals,  but 
it  has  not  been  shown  that  it  is  a  constituent  of  the  pure  intestinal 
juice. 

Having  now  finished  our  review  of  the  chemistry  of  the  diges- 
tive juices,  our  next  task  is  to  describe  what  is  known  as  to  their 
secretion — the  nature  of  the  cells  by  which  it  is  effected  and  their 
histological  ap|M?arance  in  activity  and  repose,  and  the  manner  in 
which  it  is  called  forth  and  controlled. 


III.  The  Secretion  of  the  Digestive  Juices. 

The  digestive  glands  are  formed  originally  from  involutions  of 
the  mucous  membrane  of  the  alimentary  canal,  the  salivary 
glands  from  the  epiblast,  the  others  from  the  hy^xiblast 
(CJiap.  XIV.).  Some  are  simple  unbranched  tubes,  in  which 
there  is  either  no  distinction  into  Ixidy  and  duct,  as  in  Lieber- 
kohn's  crypts  in  the  intestines,  or  in  which  one  or  more  of  the 
tubes  open  into  a  duct,  as  in  the  glands  of  the  cardiac  end  of  the 
stomach.  Some  are  branched  tubes,  several  of  which  may  end 
in  a  common  duct  ;  such  are  the  glands  of  the  pyloric  end  of  the 
stomach,  and  the  Brunner's  glands  in  the  duodenum.  In  others 
the  main  duct  ramifies  into  a  more  or  less  complex  system  of 
small  channels,  into  each  of  the  ultimate  branches  of  which  one 
or  more  (usually  several)  of  the  secreting  tubules  or  alveoli  0]>en. 
The  salivary  glands  and  the  pancreas  belong  to  this  class  of 
comi)ound  tubular  or  racemose  glands,  and  so  does  the  liver  of 
such  animals  as  the  frog.  But  in  the  latter  organ  the  ty])ical 
arrangement  is  obscured  in  the  higher  vertebrates  by  tlie  j)re- 
dominancc  of  the  portal  bloodvessels  over  the  system  of  bile- 
channels  as  a  groundwork  lor  the  grouping  of  the  cells. 

In  every  secreting  gland  tliere  is  a  vascular  plexus  outside  the 
cells  of  the  gland-tulx^,  and  a  system  of  collecting  channels  on 
their  inner  surface  ;  and  in  a  certain  sense  the  cells  uf  every  t^l.iiid 
are  arranged  with  reference  to  the  bloodvessels  on  the  one  h- 
and  lh«'  ducts  on  the  other.     But  in  the  ordinary  racen*- 
the  blood-supply  is  mainly  required  to  feed  the  sec 
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cells  of  the  alveoli  have  either  no  other  function  than  to  secrete, 

or  if  they  have  other  functions^  they  are  not  such  as  to  entail  a 
great  disproj»ortion  between  the  size  of  the  cells  and  the  lumen 
of  the  channels  into  which  they  pour  their  products.  For  both 
reasons  the  relation  of  the  grouping  of  the  cells  to  the  duct- 
system  is  very  obvious,  to  the  blood-system  very  obscure.  In 
the  liver  the  conditions  are  precisely  reversed.  We  cannot 
suppose  that  the  manufacture  of  a  quantity  of  bite  less  in  volume 
than  the  secretion  of  (he  salivary  glands,  though  doubtless  con- 
taining far  more  solids,  requires  an  immense  organ  like  the  liver, 
and  a  tide  o£  blood  like  that  which  passes  through  the  portal  vein. 
And,  as  we  shall  see.  the  liver  has  other  functions,  some  of  them 
certainly  of  at  least  equal  importance  with  the  secretion  of  bile, 
and  one  of  them  evidently  requiring  from  its  very  nature  a  bulky 
organ.  Accordingly,  both  the  richness  of  the  bluod-supply  and 
the  si2e  of  the  secreting  cells  are  out  of  proportion  to  the  calibre 
of  the  ultimate  channels  that  carry  the  secretion  away.  The 
so-called  bile-capillaries,  which  represent  the  lumen  of  the 
secreting  tubules,  are  mere  grooves  in  the  surface  of  adjoining 
cells  ;  and  the  architectural  lines  on  whicli  the  liver  lobule  is 
built  are  :  (i)  the  interlobular  veins  which  carry  blood  to  it  ; 
(2)  the  rich  capillary  network  which  separates  its  cells  and  feeds 
them  ;  (3)  the  central  intra-lobular  vein  which  drains  it.  Thus 
a  network  of  cells  lying  in  the  meshes  of  a  network  of  blood- 
capillaries  takes  tlie  ]>lace  of  a  regular  dendritic  arrangement  of 
ducts  and  tubules;  and  in  accordance  with  this  the  bile-capiJ- 
laries,  instead  of  o[>ening  sei>aratHv  into  the  ducts,  form  a  jilexus 
with  each  other  within  ihe  hejiatir  lobule  (see  also  footnote,  p.  10). 
The  ducts  and  secreting  tubules  of  all  glands  are  lined  by  cells 
of  columnar  epithelial  type,  but  the  type  is  most  closely  presei*ved 
in  the  ducts.  In  none  of  the  digestive  glands  is  there  more  than 
a  single  complete  layer  of  secreting  cells.  Hut  the  alveoli  of  the 
mucous  salivary  glands  show  here  and  there  a  crescent-shajied 
group  of  small  deeply-staining  cells  (crescents  of  Gianuz/i) 
outside  the  columnar  layer  {Plate  II.,  i,  3),  and  between  it  and  the 
basement  membrane,  while  the  gland-tubes  of  the  cardiac  end 
of  the  stomach  have  in  the  same  situation  a  discontinuous  layer 
of  large  ovoid  cells,  termed  [)arietal  from  their  position,  oxyntir 
(or  acid-secreting)  from  their  supposed  hmction  (Fig.  120).  The 
serous  salivary  glands,  the  ]>anrreas,  the  pyloric  glands  of  the 
stomachy  the  Lieberkuhn's  crypts,  have  but  a  single  layer  of 
epithelium  ;  and  since  there  is  no  hepatic  cell  which  is  not  in 
contact  with  at  least  one  bile-capillary,  the  liver  may  be  regarded 
as  having  no  more.  Remarkable  histological  changes,  evidently 
connected  with  clianges  in  functional  activity,  have  been  noticed 
in  most  of  the  digestive  glands.     In  discussing  these,  it  will  be 


I 


I 
« 


DIGESTION 


305 


k 


l»est  to  omit  for  the  present  any  detailed  reference  to  the  liver. 
since,  although  there  are  histolof^ical  marks  of  secretive  activity 
in  this  gland  as  well  as  in  others,  and  of  the  same  general  character, 
they  are  accompanied,  and  to  some  extent  overlaid,  by  the 
microscopic  evidences  of  other  functions  (p.  448).  The  serous 
salivar>'  glands  and  tlie  pancreas  can  be  taken  together  :  so  can 
the  cardiac  and  pyloric  glands  of  the  stomach  ;  the  mucous 
salivary  glands  must  be  considered  separately. 

Changes  in  the  Pancreas  and  Parotid  during  Secretion. — 
The  cells  of  the  alveoli  of  the  pancreas  or  parotid  during  rest,  as 
can  be  seen  by  examining  thin  lobules  of  the  former  between  the 
folds  of  the  mesentery  in  the  living  rabbit,  or  fresh  teased  pre- 
parations of  the  latter,  are  filled  with  fine  granules  to  such  an 
extent  as  to  obscure  the  nucleus.  In  the  parotid  the  whole  cell 
is  granular,  in  tlic  pancreas  there  is  still  a  narrow  clear  zone  at 
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PiG.    119. — SsROUS  Glands  ik   '  LoAueu  *   and   '  Oiscuarcbo  '   StArt. 

A.  mbbit's  pancreas,  'loaded*  (resting);  A',  'dischuged'  (active),  observed 
ia  thr>  Lving  aaiiual  iKiihnc  and  Lea).  B,  Inaded.  B'.  dlsohnrged,  alveolus  of 
parotid  [tmh  prfpar.1tl.1a3)  (Langlcy). 

the  outer  edge  of  the  cell  which  contains  few  granules  or  none ; 
in  both,  the  divisions  between  the  cells  arc  very  indistinct,  and 
the  lumen  of  the  alveolus  cannot  be  made  out.  During  activity 
the  granules  seem  to  be  carried  from  the  outer  portion  of  the  cell 
towards  the  lumen,  and  there  discharged  ;  the  clear  outer  zone 
of  the  pancreatic  cell  grows  broader  and  broader  at  tlie  expense 
of  tlic  inner  granular  zone,  until  at  last  the  granular  zone  may  in 
its  turn  be  reduced  to  a  narrow  contour  line  around  the  lumen 
(Fig.  no)'  In  ^li^  uniformly  clouded  parotid  cell  a  similar  change 
takes  place  ;  a  transparent  outer  zone  arises  ;  and,  after  prolonged 
secretion,  only  a  thin  edging  of  granules  n\ay  remain  at  the  inner 
portion  of  the  cell.  In  both  glands  the  outlines  of  the  cells  become 
more  clearly  indicated,  and  a  distinct  lumen  can  now  be  recognised. 
The  cells  are  smaller  than  they  are  during  rest,  and  in  the  )>ancreas 
they  stain  more  readily  witli  carmine  and  other  protoplasmic 
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dyes,  the  outer  zone  always  staining  more  deeply  than  the  innerJ 
as  is  the  case  with  the  same  zone  even  in  the  resting  pancreatic! 
cell  (Plate  II.,  2).  ] 

When  ;he  glands  are  hardened  with  alcohol,  or  most  of  thrf 
ordinar>'  hardening  reat;ents,  tht*  appearances  in  the  serous  salivary 
cells  differ  from  those  described,  fur  the  granules  unlike  those  of 
the  pancreatic  cells,  are  altered  by  the  ire.itmcnl.  and  the  two  zones 
in  the  discharged  gland  are  not  distinguishable  by  any  dificrence  in 
the  depth  o£  the  carmine  stain.  But  in  the  rabbit's  parotid  after  the 
scanty  secretion  caused  by  prolonged  stimulation  of  the  sympathetic 
the  whole  cell  stains  more  deeply  than  the  loaded  cell.  Its  proto- 
plasm is  turhid  with  fine  and  uniformly  diffused  granules  ;  ita 
nucleus  is  large  and  spherical,  and  contiiins  well-marked  nucleoli, 
in  contrast  to  the  pale  and  transparent  protoplasm  and  the  small 
shrivelled  nucleus  of  the  resting  cell,  iu  which  nucleoh  are  indistinct 
or  invisible.  Now.  carmine  being  a  protoplasmic  dye,  it  is  fair  to 
conclude  that  depth  of  stain  is  proportional  to  amount  of  protoplasm 
present.  The  deeper  stain  of  the  outer  rim  of  the  pancreatic  cell 
duriuR  rest  indicates  that  here  the  protoplasm  predominates  over 
the  dead  and  unstained  products  of  its  activity',  which  are  accumu- 
lated in  the  remainder  of  the  cell.  The  increase  of  the  deeply- 
staining  zone  during  secretion  shows  that  these  products  arc  being 
moved  towards  the  lumen  of  the  alveolus,  and  that  the  relative 
amount  of  protoplasm  in  the  outer  zone  is  being  increased,  although 
the  absolute  size  of  the  cell  may  be  diminished.  The  deeper  stain 
of  the  parotid  cell  after  sympathetic  stimulation,  as  well  as  the 
changes  in  the  nucleus,  indicate  regeneration  of  protoplasm  as  much 
as  elimination  nf  non-protoplasmic  elements.  For  in  the  dog  changes 
similar  tn  those  in  the  rabhil  are  caused,  although  the  amount  of 
secretion  on  titiniiilalion  of  the  sympathetic  is  very  small,  and 
generally  only  sufticient  to  block  the  ducts  without  appearing 
externally.  The  disaj>pearance  of  granules  from  without  inwards 
during  activity  suggests  that  these  are  manufactured  products 
eliminaU'd  in  the  secretion. 

Changes  in  the  Glands  of  the  Stomach  during  Secretion,— The 
mucous  membrane  ol  the  stomach  is  co\ci\d  with  a  single  layer  of 
columnar  epithelium,  largely  consisting  of  nmcigenous  goblet-cells. 
It  is  studded  with  minute  pits,  into  which  open  the  ducts  ol  the 
peptic  and  pyloric  glands,  the  ducts  being  lined  with  cells  just  like 
those  of  the  general  gastric  surface.  The  peptic  or  cardiac  glands 
have  short  ducts,  into  each  of  which  open  one  to  three  gland-tubes 
seldom  branched.  The  ducts  of  the  pyloric  glands  arc  longer,  and 
the  secreting  tubules,  which  also  open  by  twos  or  threes  into  the 
ducts,  are  branched.  The  secreting  jrarts  of  both  kinds  of  glands 
are  lined  by  short  columnar,  finely  granular  cells  ;  and  in  the 
pyloric  tubules  no  others  are  present.  Hut,  as  we  have  said,  in  the 
peptic  glands  there  are  besides  large  ovoid  cells  scattered  at  intervals 
like  beads  between  the  basement  membrane  and  the  Uning  or  chief 
cells. 

The  histological  changes  connected  with  gastric  secretion  do  not 
differ  essentially  from  those  described  in  the  pancreas  and  the 
jiarotid.  but  there  is  much  greater  difficulty  in  making  obsei-\'ations 
on  the  living, or  at  least  but  sUghtly  altered,  cells.  During  digestion 
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the  granules  disappear  from  the  outer  part  of  the  chief  cells  of 
the  peptic  glands,  leaving  a  clear  zone,  the  lumen  being  bordered 
by  a  granular  layer.  Or,  more  rarely,  there  may  l)e  a  uniform 
decrease  in  the  number  of  granules  throughout  the  cell.  The 
ovoid  cells  swell  up,  so  as  to  bulge  -out  the  membrana  ]>ropria, 
but  no  definite  changes  in  their  contents,  such  as  those  obser\'ed 
in  the  other  cells,  have  been  made  out. 


Kio.  lao. — Tus  Gastrig  Guinds  (Eustsin). 
On  the  left*  cdtrdiac:  right,  pylcvic. 

Only  the  chief  cells  of  the  cardiac,  and  the  similar  if  not 
identical  cells  of  the  pyloric  glands,  are  believed  to  manufacture 
,^  pei>sin-forming  substance.  The  ovoid  cells  of  the  former  arc 
iapposed  to  secrete  the  hydrochloric  acid.  The  evidence  on 
which  this  belief  is  based  is  as  follows  : 

The  pyloric  glands,  in  which  in  most  situations  no  ovoid  cells 
are  lo  be  seen,  secrete  pepsin,  but  no  acid.    The  pyloric  end 
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of  the  stomach  or  a  portion  of  it  has  been  isolated,  the  continuity 
of  Ihe  ahmentury  canal  restored  by  sutures,  and  the  secretion  of 
the  ])ylonr  jKicket  collected.  It  was  found  to  be  alkaline,  and 
contained  pepsin.  The  glands  of  the  frog's  oesophagus,  which  con- 
tain only  chief  cells,  secrete  pepsin,  but  no  acid.  It  seems  fair  to 
conclude  that  the  chieTcells  of  (he  ca.rdiac  glands  in  the  mammal 
secrete  none  of  the  free  hydrochloric  acid,  but  certainly  some  of 
pepsin.  But  it  does  not  ffjUow  that  all  the  pepsin  is  formed  by  these 
cells,  although  it  would  seem  that  all  the  hydrochloric  acid  must  be 
secreted  by  the  only  other  glandular  elements  present,  the  ovoid 
or  '  border  '  cells.  And,  indeed,  the  glands  in  the  fundus  of  the 
frog's  stomach,  which  are  composed  only  of  ovoid  cells,  whilst 
secreting  much  acid,  also  form  some  i>epsin,  although  far  less 
than  the  cesophageal  glands. 

Bcnsley,  working  histologically  with  the  human  stomach,  divid 
the  gastric  glands  into  three  sets:  (i)  Those  at  the  cardiac  end  ; 
(2)  those  of  the  pylorus  :  (3)  those  of  the  intermediate  and  greater 
portion  of  the  organ.  He  concludes  that  the  glands  of  the  cardiac 
and  pyloric  ends  secrete  mainly  mucus. 

Hill  that  some  pepsin  is  secreted  by  the  pyloric  end  of  the  stomach 
is  not  dilhcull  to  prove.  The  secretion  collected  from  the  isolated 
pyloric  portion  is.  indeed,  like  the  secretion  of  the  Hrunner's  glands 
m  the  duodenum,  quite  unable  to  digest  protcid  imtil  dilute  hydro- 
chloric acid  is  added.  But  this  is  because  in  both  cases  the  juice 
as  it  flows  from  the  glands  is  alkaline,  and,  as  we  have  already 
seen,  pcp.sin  only  acts  in  the  presence  of  an  acid.  1  he  milk-curdling 
action  of  these  two  juices  also  uniolds  itself  only  when  the  secretions 
are  hrsl  acidulated,  and  later  on  again  neutralized  ;  in  other  words, 
the  ferments  must  be  activated  by  the  addition  of  an  acid.  In 
normal  (Ugestion  the  pepsin  of  the  (in  itself)  alkaline  secretion  of 
the  pyloric  end  oi  the  stomach  becomes  a  constituent  of  the  acid 
gastric  juice  ;  and  it  may,  perhai>3,  be  considered  a  morphological 
accident,  so  to  speak,  that  the  oxyntic  ccUs  of  the  cardiac  end 
should  mingle  their  acid  products  with  the  (presumedly)  alkaline 
secretion  of  the  chief  cells  in  the  lumen  of  each  gland-tube,  instead 
of  being  massed  as  a  separate  organ  with  a  special  duct. 

We  arc  not  without  other  examples  of  digestive  juices  fitted  or 
destined  to  act  in  a  medium  with  an  opposite  reaction  to  their  own. 
The  '  saliva  '  of  Octopus  macro fyus^  strongly  acid  though  it  is»  con- 
tains a  proteolytic  ferment  which  in  vitro  acts  like  trypsin,  better 
in  an  alkaline  than  in  an  acid  solution.  And  trypsin,  whose  pre- 
cursor is  a  constituent  of  the  alkaline  pancreatic  juice  and  the 
enterokinasc  which  activates  it,  a  constituent  of  the  alkaline  succus 
entericus,  performs  a  part  at  least  of  its  work  in  an  acid  medium. 

Attempts  made  to  demonstrate  an  acid  reaction  in  the  border  cells 
have  liitherto  failed,  perhaps  because  the  acid  is  poured  into  the 
ducts  as  fast  as  it  is  formed.  Hut  it  should  be  mentioned  that  some 
observers  deny  that  the  acid  is  secreted  in  the  depths  of  any  cell 
from  the  chlorides  of  the  blood,  and  believe  that  it  is  formed  at  the 
surface  of  contact  of  the  stomach-wall  with  the  gastric  contents  from 
the  sodium  chloride  of  the  food  by  an  exchange  of  sodium  ions 
(P-  .1^4)  f'^*''  hydrogen  ions  from  the  blood  or  lymph.  They  point 
out  in  favour  of  this  x-icw  that  when,  instead  of  sodium  chloride, 
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sodium  bromide  is  given  in  the  food,  the  hydrochioric  acid  in  the 
stomach  is  to  a  large  extent  replaced  by  hydrobromic  acid.  And 
they  argue  that  this  cannot  be  due  to  the  decorajxtsition  of  the 
bromide  by  hydrochloric  acid.  Aincc  it  occurs  in  animals  dcimved 
for  a  considerable  time  of  salts,  and  in  '  salt-hunger  '  the  stomach 
contains  no  acid  (Koeppc).  It  may  be,  however,  that  even  in  '  salt- 
liungcr  '  the  presence  of  sodium  bromide  in  the  stomach  stimulates 
the  secretion  of  hy droc hloric  acid,  w  liich  then  decom poses  t he 
bromide,  with  the  formation  of  hydrobromic  acid.  The  sodium 
chloride  formed  in  the  double  decomposition  might  be  re-absorbed, 
and  the  stock  of  chlorides  in  the  blood  remain  undiminished.  It 
is  a  decisive  objection  to  this  theory  that  a  copious  secretion  of 
gastric  juice,  containing  hydrochloric  acid  in  abundance,  can  be 
obtained,  without  the  inlroduclion  of  any  food  into  the  stomach, 
either  by  the  process  of  sham  feeding  (p.  350),  or  by  psychical  stimu- 
lation of  the  gastric  glands  when  food  is  shown  to  an  animal. 
During  winter  sleep  (in  the  marmot)  the  production  of  hydrochloric 
acid  in  the  jianctal  cells  stops  altogether,  while  the  chief  cells 
continue  to  accumulate  granules  of  pepsinogen. 

Changes  in  Mucous  Glands  during  Secretion. — In  the 
mucous  salivai-y  and  other  mucoiis  glands  similar,  but  apparently 
more  complex,  changes  occur.  During  rest  the  cells  which  line  the 
lumen  may  be  seen  in  fresh,  teased  preparations  to  be  filled  with 
granules  or  '  spherules.'  After  active  secretion  there  is  a  great 
diminution  in  the  number  of  the  granules.  Those  that  remain 
axe  chiefly  collected  around  the  lumen,  although  some  may  also 
be  seen  in  the  peripheral  portion  of  the  cell ;  and  there  is  no  very 
distinct  differentiation  into  two  zones.  That  a  discharge  of 
material  takes  place  from  these  cells  is  shown  by  their  smaller 
size  in  the  active  gland.  That  the  material  thus  discharged  is  not 
protoplasmic  is  indicated  by  the  behaviour  o(  the  cells  to  proto- 
plasmic stains  such  as  carmine.  The  resting  cells  around  the 
lumen  stain  but  feebly,  in  contrast  to  the  deep  stain  of  the 
demilunes,  while  the  discharged  cells  take  on  tlie  cannine  stain 
much  more  readily.  Further,  when  a  resting  gland  is  treated 
with  various  reagents  (water,  dilute  acids,  or  alkalies),  the 
granules  swell  up  into  a  transparent  substance  identical  with 
mucin,  which  fills  the  meshes  of  a  fine  protoplasmic  network 
(Fig.  121). 

In  ordinary  alcohol-carmine  preparations  only  the  network  and 
nucleus  are  stained  ;  the  nucleus,  small  and  .shrivelled,  is  situated 
close  to  the  outer  border  of  the  cell.  When  a  discharged  gland  is 
treated  in  the  same  way  there  is  proportionally  more  '  protoplasm  ' 
and  less  of  the  clear  material,  what  remains  of  the  latter  being 
chiefly  in  the  inner  portion  of  Uie  cell,  while  the  nucleus  is  now 
large  and  spherical,  and  not  so  near  the  basement  membrane 
rF'latr  II..  I  and  3). 

Everything,  therefore,  points  to  the  granules  in  what  we  may 
now  call  the  mucin-forming  cells  as  being  in  some  way  or  oUm£\ 
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precursors  of  the  fixlly-formed  mucin  ;  manufactured  during 
'  rest '  by  the  protoplasm  and  partly  at  its  ex{>ense,  moved 
towards  the  lumen  in  activity,  discharged  as  mucin  in  the  secre- 
tion. It  has  been  asserted  that  not  only  is  the  protoplasm 
lessened  in  the  loaded  cell  and  renewed  after  activity,  but  that 
many  of  the  mucigenous  cells  may  he  altogether  broken  down 
and  discharged,  their  place  bemg  supplied  by  proliferation  of 
the  small  cells  of  the  demilunes.  This  conclusion,  however,  is 
not  supp>orted  by  sufficient  evidence.  But  the  fact  on  which  we 
would  specially  insist  is  that  the  granules  of  the  resting  muci- 
genous cell  may  be  looked  u]H>n  as  a  mother-substance  from 
which  the  mucin  of  the  secretion  is  derived  ;  they  are  not  actual, 
but  potential,  mucin. 

So  in  the  ])ancreas,  the  serous  or  albuminous  salivary  glands, 
and  the  glands  of  the  stomach,  there  is  every  reason  to  believe 
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Fig.  Z3X. — Mucous  Cklls  (from  Si;bma.xillary  of  Dog)  iif  Rest 

AND    ACTIVITV    (LaKGLEY). 

A.  B,  Eresh  :  A'.  B'.  after  trcatmfnt  with  dilute  ac«tio  acid;  A",  B",  alveoli 

hardened  in  alcohol  aud  stained  u-ith  carniine.  A,  A',  and  A"  represent  the 
loadi'd  ;  B.  B',  and  B',  tho  discharged  con  litton. 

that  the  granules  which  appear  in  the  intervals  of  rest,  and  are 
moved  towards  the  lumen  and  discharged  during  activity,  are 
the  precursors,  the  mother-substances,  of  imjxirtant  constituents 
of  the  secretion.  These  granules  are  sharply  marked  of!  from  the 
protoplasm  in  which  they  lie  and  by  which  they  are  built  up. 
By  every  mark,  by  their  reaction  to  stains,  for  instance,  they  are 
non-living  substance,  formed  in  the  bosom  of  the  Uving  cell  from 
the  raw  material  which  it  culls  from  the  blood,  or,  what  is  more 
likely,  formed  from  its  own  protoplasm,  then  shed  out  in  granular 
form  and  secluded  from  further  change.  The  granules  in  the 
ferment-forming  glands  are  not  in  general  composed  of  the  actual 
ferments,  and,  indeed,  the  actual  ferments  are  present  in  the 
secreting  cells  only  in  small  amount,  if  at  all. 

We  ha%'e  already  seen  that  the  pancreas  and  even  the  fresh 
pancreatic  juice  are  devoid  of  active  tr\'psin.  Similarly,  a 
glycerine  extract  of  a  fresh  gastric  mucous  membrane  is  inert  as 
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regards  proteids,  or  nearly  so.  But  if  tlie  mucous  membrane  has 
been  previously  treated  with  dilute  hydrochloric  acid,  the 
glycerine  extract  is  active,  as  is  an  extract  made  with  acidulated 
glycerine.  Here  we  must  assume  the  existence  in  the  gastric 
glands  of  a  mother-substance,  jwpsinogen.  from  which  pepsin  is 
formed.  The  proteolytic  power  of  an  extract  of  the  pancreas, 
when  the  lr>'|«inogen  ha*;  been  activated  into  trypsin,  or  of 
the  gastric  mucous  meml>rane,  when  the  pepsinogen  has  been 
changed  into  pepsin,  seems  to  t»e,  roughly  s|>eaking.  in  proportion 
to  the  quantity  of  granules  present  in  the  cells.  Therefore  it 
is  concluded  that  the  granules  represent  mother-substances 
of  the  ferments.  Some  of>servers  believe  they  havt?  obtained 
evidence  of  stages  in  the  elaboration  of  the  ferments  still  further 
back  than  the  mother-substances,  grandmother-substances  so  to 
speak.  Bensley,  e.g.,  concludes  that  the  nuclei  of  the  chief  cells  in 
the  fundus  glands  of  the  stomach  take  part  in  the  formation  of  a 
prozymogen,  the  precursor  of  ttie  zymogen  or  pepsinogen,  as 
pepsinogen  is  the  |>recursor  of  the  enzyme  pepsin. 

A  glycerine  or  watery  extract  of  the  salivary  glands  always 
contains  active  amylolytic  ferment,  if  the  natural  secretion 
is  active.  So  that  if  ptyalin  is  preceded  by  a  zymogen  in  the 
cells,  it  must  be  very  easily  changed  into  the  actual  ferment. 

Bui  we  should  greatly  deceive  ourselves  if  we  supposed  that 
granules  of  this  nature  in  gland-cells  are  necessarily  related  to 
the  production  of  ferments.  The  mucigenous  granules  have  no 
such  significance.  Most  digestive  secretions  contain  proteid 
constituents,  with  which  the  granules  may  have  to  do,  as  well  as 
with  ferments.  And  bile,  a  secretion  which  contains  no  mucin, 
no  proteids,  and  either  no  ferments  or  mere  traces,  as  essential 
constituents,  is  formed  in  cells  with  granules  so  disposed  and  so 
affected  by  the  activity  of  the  gland  as  to  suggest  some  relation 
between  them  and  the  process  of  secretion.  In  the  liver-cells  of 
the  frog,  in  addition  to  glycogen  and  oil-globules,  small  granules 
may  be  seen,  especially  near  the  lumen  of  the  gland  tubules  ; 
they  diminish  in  number  during  digestion,  when  the  secretion  of 
bile  is  active,  and  increase  when  food  is  withheld  and  secretion 
slow.  And  in  fasting  dogs  the  secreting  cells  of  Brunner's  glands, 
the  pyloric  glands  and  the  pancreas,  as  well  as  the  lining  epi- 
thehum  of  the  bile-ducts,  have  l>cen  found  to  contain  many  fatty 
granules.  Possibly  some  of  these  represent  the  fat  which  is  known 
to  be  excreted  into  the  alimcntai^y  canal  (pp.  367,  370). 

The  rennin  of  the  gastric  juice  is  formed  in  the  chief  celts,  and  has 
a  precursor,  which,  if  the  ferment  is  idcntic^il  with  pepsin  (p.  286), 
must  be  pepsinogen.  Pawlow  has  recently  shown  that  it  is  highly 
probable  that  the  nulk-curdling  proi>erty  not  only  of  the  gastric  juice, 
but  also  of  the  pancreatic  juice  and  of  the  secretion  of  Brunner's 
glands,  is  associated  with  the  protcol>*tic  ferment,  andtha.\  lYvetf:  v*  T«a 
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separate  milk-curdling  ferment.  He  states  that  when  the  comparison 
is  instituted  under  proper  conditions  there  is  an  exact  parallelism 
between  the  proteolytic  and  the  tnilk-curdling  power  of  these 
secretions,  no  matter  what  the  circumstances  may  be  in  which  they 
arc  collected,  or  the  influences  to  which  they  are  exposed  after 
collection.  He  has  found  it  impossible  to  separate  from  any  one 
of  them  a  fraction  which  has  milfc-curdling  power  without  proteo- 
lytic power. 

In  estimating  the  amount  of  ferment  in  a  digestive  juice  it  must 
be  remembered  that  the  amount  of  digestion  in  a  ^vcn  time  is 
not  directly  proportional  to  the  quantity  of  ferment  present,  but 
to  the  square  root  of  the  quantity'  of  ferment  (Schutz's  law).  This 
law  was  deduced  by  Schiitz  for  jKjpsin.  but  is  said  to  hold  also 
for  trj^psin,  stcapsin,  and  ptyahn  (Pawlow,  Vernon).  To  determine 
the  amount  of  proteolysis  the  nitrogen  of  the  proteid  which  has 
gone  into  solution  may  be  estimated  (p.  424).  The  following  table 
shows  the  results  of  one  experiment  : 


Pepftin  Solution  ascd 
in  cc 

Digested  Nitrogen  in  Qranines. 

Found. 

r.i^.Ufj, 

I 

4 

0*0230 
0*0427 
00686 
0-0889 

0'0223 
0*0446 
00669 

0*0892 

L 


Or  a  piece  of  a  glass  capinary-tuhc  filled  with  cgf?;-white  coagulated 
by  heat  (at  95°  C.)  may  f>e  cut  off  and  placed  in  the  digestive  mixture 
(Slett's  tubes).  At  the  end  of  the  jwriod  of  digestion  the  length  of 
the  piece  of  tube  and  that  of  the  undigested  remnant  of  the  column 
of  coagulated  proteid  are  measured  with  a  millimetre  scale  under 
a  low-power  microscope.  The  dificrencc  gives  the  length  of  the 
column  digested.  H  i  c.c.  of  gastric  juice  caused  in  a  given  time 
digestion  of  2  mm.  of  the  egg-white.  4  c.c.  of  the  same  juice  would 
digest  in  the  same  time  and  under  identical  conditions  about  4  mm., 
and  g  c.c.  about  f^  mm. 

The  Nature  of  the  Process  by  which  the  Digestive  Secre- 
tions are  Formed. — \Vc  have  spoken  more  than  once  of  the 
gland-cells  as  waM«/ac/«riwg  their  secretions.  It  is  an  idea  that 
rises  naturally  in  the  mind  as  wc  follow  with  the  microscope  the 
traces  of  their  functional  activity.  And  when  we  compare  the 
comjxjsitiim  of  the  digestive  juices  with  that  of  the  bloiKi-plasma 
and  lymph,  the  suggestion  that  the  glands  which  produce  them 
are  not  merely  passive  filters,  but  living  laboratories,  acquires 
additional  strength.  It  is  evident  that  evorythinf;  in  the  secre- 
tion must,  in  some  form  or  other,  exist  in  the  blood  whic!i  comes 
to  the  gland,  and  in  the  lymph  which  bathes  its  cells.  No 
glandular  cell,  if  we  except  the  leucocytes,  which  in  some  respects 
are  to  be  considered  as  unicellular  glands,  dips  directly  into  the 
blood  ;  everytliing  a  gland-cell  receives  must  pass  through  the 
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walls  of  the  bloodvessels.  (But  see  footnote  on  p.  10.)  So  that 
anything  whirh  wc  find  in  the  secretion  and  do  not  find  in  the 
blo(xl  must  have  been  elaborated  by  the  gland  ejuthelium  (or 
by  the  capillary  endothelium)  from  raw  material  brought  to  it 
by  the  blood. 

Take,  for  example,  the  saliva  or  gastric  juice.  These  liquids 
both  contain  certain  things  that  aJso  exist  in  the  blood,  but  in 
addition  they  contain  tertam  things  specific  to  themselves : 
mucin  in  saliva,  hydrochloric  acid  in  gastric  juice,  ferments  in 
both.  It  is  true  that  a  trace  of  i)epsin  and  a  trace  of  a  diastatic 
ferment  may  be  discovered  in  blood  ;  but  there  is  no  reason 
whatever  to  believe  that  this  is  the  source  of  the  [Hjpsin  of  the 
gastric  juice,  or  the  ptyalin  of  the  salivary  glands.  On  the 
contrary,  it  is  possible  that  the  ferments 
of  the  blood  may  be  in  part  absorbed  from 
the  digestive  glands,  the  rest  being  formed 
by  the  leucocytes  and  liberated  when  they 
break  down.  The  liver  affords  an  even 
better  example  of  this  *  manufacturing  ' 
activity  of  gland-cells,  and  many  facts 
may  be  brought  forward  to  prove  that  the 
characteristic  constituents  of  the  bile,  the 
bile-pigments  and  bile-acids,  are  formed  in  Fic.  sa2.— HAMAToiotK. 
the  liver,  and  not  merely  separated  from 

the  blood.  Bile-pigment  has  indeed  been  recognised  in  the 
normal  serum  of  the  horse,  and  bile-acids  in  the  chyle  of  the 
dog»  but  only  in  such  minute  traces  as  are  easily  accounted 
for  by  absorption  from  the  intestine.  Frogs  live  for  some 
time  after  excision  of  the  liver,  but  no  bile-acids  are  foimd  in 
the  blood  or  tissues.  But  if  the  bile-duct  be  ligatured,  bile- 
acids  and  pigments  accumulate  in  the  body,  being  absorbed  by 
the  lymphatics  of  the  liver  (Ludwig  and  Fleischl).  If  the 
thoracic  duct  and  the  bile-duct  are  both  ligatured  in 
the  dog,  no  bile-acids  or  pigments  apjiear  in  the  blood  or 
tissues.*  In  mammals  life  cannot  be  maintained  for  any  length 
of  time  after  ligature  of  the  [wrtal  vein,  since  this  throws  the 
whole  intestinal  tract  out  of  gear.  But  after  an  artificial  com- 
munication  has   1>een   made   t>elween   tlie  portal   and   the   left 

*  WcrthL'inier  and  Lrpage  state  tliat  bile  or  Inlimbin  injected  into  n 
bilp-<luct  ap(>ca,rs  sooner  in  tlir  iirtnc  than  in  the  lymph  uf  the  thoracic 
Iluct.  and  tlvcrciore  coucludc  tluit  tlic  IiUkk lvcs.se Is  are  the  most  important 
ch.inacl  of  atisorption.  This  conchi^ion.  liowcvcr.  ciinnot  Im-*  accepted 
uutil  U  is  shown  that  in  these  expi-nments  the  injection  tlitl  not  cau.ic 
nipturr  of  some  oi  the  hepatic  capiUaries  and  direct  entrance  of  the  bUc- 
•iKnit-ut  into  the  Mood.  It  is  not  nnprol>ablo  that  the  prc*»sure  attained 
iv  tJie  bde  in  the  bile-capillanes  is  a  factor  in  determining  the  path  by 
which  it  is  al>»r>rtH;d,  and  tlutt  when  the  pressure  riscji  beyond  a  certain 
limit  it  may  pass  both  into  the  bloodvc^uiclfi  and  mto  the  lymphatics. 
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renal  vein  or  the  inferior  cava,  the.  portal  may  be  tied  and  the 
animal  hve  for  months  (Eck).  The  liver  can  now  l>e  completely 
removed,  but  deatti  follcjws  in  a  ftiw  huurs.  In  birds  there  exists 
a  communicating  branch  between  the  portal  vein  and  a  vein  (the 
renal-portal)  which  passes  from  the  ]^K>sterior  jwrtion  of  the  body 
to  the  kidney,  and  there  breaks  up  into  capillaries  ;  and  not  only 
may  the  portal  be  tied,  but  the  liver  may  be  comjiletely  destroyed 
without  immediately  killing  the  animal.  In  the  hours  of  life  that 
still  remain  to  it  no  accumulation  of  biliary  substances  takes 
place  in  the  blood  or  tissues.  A  further  indication  that  bUe- 
pigment  is  jiroduced  in  the  liver  is  the  fact  that  the  liver  contains 
iron  in  relativ-e  abundance  in  its  cells  (p.  17),  and  eliminates 
small  quantities  of  iron  in  its  secretion.  Now,  bile-pigment, 
which  contains  no  iron,  is  certainly  fonned  from  blood-pigment, 
which  is  rich  in  iron,  for  hiematoidin  (Fig.  122),  a  crystalline 
derivative  of  haemoglobin  found  in  old  extravasations  of  bloody 
especially  m  the  brain  and  in  the  corpus  luteum.  is  identical  with 
bilirubin.  The  seat  of  formation  of  bile-pigment  must  therefore 
be  an  organ  pecidiarly  rich  in  iron.  The  existence  of  ha»ma- 
toidin,  however,  shows  that  bile-[)igment  may^  under  certain 
conditions,  be  formed  outside  of  the  he])Litic  cells.  The  occxir- 
rence  of  biliverdin  in  the  placenta  of  the  bitch  points  in  the 
same  direction.  But  the  pathological  evidence  in  favour  of  the 
pre-formation  of  the  bihar\'  constituents  tends  rather  to  shrink 
than  to  increase.  For  many  cases  of  what  ased  to  be  considered 
'idiopathic'  or  '  hsematogenic '  jaundice,  i.e.,  an  accumulation 
of  bile-pigments  and  bile-acids  in  the  tissues,  due  to  defective 
elimination  by  the  liver,  are  now  known  to  be  caused  by  obstruc- 
tion of  the  bile-ducts  and  consequent  re-absorption  of  bile  ('  ob- 
structive '  or  '  hepatogenic '  jaundice). 

But  if  substances  such  as  the  ferments,  mucin,  hydrochloric 
acid,  the  bile-salts  and  bile-pigments,  are  undniibtedly  manu- 
factured in  the  gland-cells,  it  is  different  with  the  water  and 
inorganic  salts  which  form  so  large  a  part  of  every  secretion. 
No  tissue  lacks  them  ;  no  j^hysiological  process  goes  on  without 
them  ;  they  are  not  high  and  special  products.  As  we  breathe 
nitrogen  which  we  do  not  need  because  it  is  mixed  vsnth  the 
oxygen  we  require,  the  secreting  cell  passes  Ihrougli  its  substance 
water  and  salts  as  a  sort  of  by-play  or  adjunct  to  its  specific 
work.  But  this  is  not  the  whole  truth.  The  gland-cell  is  not 
a  mere  filter  through  which  water  and  salts  pass  in  the  same 
proportions  in  which  they  exist  in  the  liquids  that  the  cell 
draws  them  from.  When,  e.g.,  the  salivar\'  glands  secrete  against 
the  resistance  of  an  almorniallv  high  pressure  in  the  ducts,  the 
percentage  of  salts  in  the  saliva  increases.  The  secretions  of 
different  glands  differ  in  the  nature,  and  especially  in  the  relative 
proportions,  of  their  inorganic  constituents.    They  differ  also  in 
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their  osmotic  pressure  and  electrical  conductivity,  which  depend 
almost  entirely  uj>on  those  constituents,  notwithstanding  the 
fact  that  the  osmotic  pressure  and  conductivity  of  the  blood- 
serum  (p.  19)  vary  only  within  narrow  limits.  Even  the  secre- 
tion of  one  and  the  same  gland  is  by  no  means  constant  in 
this  respect,  as  we  shall  have  to  note  more  especially  when  we 
come  to  deal  with  tiie  influence  of  the  nervous  system  on  secre- 
tion (p.  323).     The  following  tables  illustrate  this  point : 


Do*. 

BIood-muB.- 

miTBicorGulricCMCenu.        1 

I. 

ni. 

Af 

*t 

A 

K 

0-643** 
0-628'* 
0-602" 

8652 

8242 

82-49 

0-585° 

0-585° 

o-642» 

294'40 

16873 
33094 

Vomit  of   man  with  completo   intes- 
tinal obstruction      . .          . .          . .          0*433°                79*7  < 

AorHamuFucnljiBae. 

A  of  Hmiui  BUddcr  BHe. 

0-56* 

0-60^ 

o'65' 
0-865" 
0-78" 
0-93' 

A  of  Dog's  Submaxillary  Saliva. 

Chorda  stimulated  : 

I.cft  submaxillary  .  ,  .  0*293* 

Both  glands  -  -  -  -  0*408'* 

Spontaneous  secretion  : 

Right  submaxillary  -  -  .  o'lQS** 

A  of  dog's  scrum    -  -  -  -  0*590** 

The  proteid  substances,  such  as  scrum-albumin  and  globulin, 
common  to  blood  and  to  some  of  the  digestive  secretions,  take 
a  middle  place  between  the  constituents  that  are  undoubtedly 
manufactured  in  the  cell  and  those  which  seem  by  a  less  special 
and  lalxirious,  though  a  selective,  process  to  be  passed  through 
it  from  the  blood.  Their  practical  absence  from  bile,  and,  as 
we  shall  see,  from  urine,  their  abundance  in  pancreatic  and 
scantiness  in  gastric  juice,  point  to  a  closer  dej^endence  xipon 

•  The  blood  and  gastric  contents  were  obtained  from  the  animals  twenty- 
fcMir  boufB  aiter  the  last  meal. 

The  depremhon  of  the  ireeKing-point  below  that  ol  distiltod  water. 

The  electrical  conductivity  at  5'  C  expressed  in  reciprocal  ohms 
moltipUed  by  10*.  A  reciprocal  ohm  is  the  conductivity  ol  %  nvncMV^ 
column  1063  metres  loni;  and  j  sq    mm.  tu  section. 
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the  special  activity  of  the  gland-cell  than  we  can  suppose  neces- 
sary in  the  case  of  the  salts.  ^H 

Although  it  is  in  the  cells  of  the  digestive  glands  that  the  powe^^* 
of  forming  ferments  is  most  conspicuous,  it  is  by  no  means  confined 
to  them.     It  sccnis  to  be  a  primitive,  a  native  power  of  protoplasm.   -^ 
Lowly  animals,  like  the   ama-ba,  lowly   plants,  like  bacteria,   formfll 
ferments  within   the  single  cell  which  serves  for  all   the   purpose*  ▼n 
of  their  life.     The  ferment-secreting  gland-cells  of  higher  forms  are 
perhaps  only  lop-sided  amoeba;,   not  so  much  endowed  with   new^^ 
properties  as  disproportionately  developed  in  one  direction.      Th«^H 
contractility  has  oecn  lost  or  lessened,  the  digestive  power  has  bcen^| 
retained  or  increased  ;  just  as  in  muscle  the  power  of  contraction 
has  been  dnvelo]>ed,  and  that  of  digestion  has  fallen  behind.      The 
muscle-cell  and  the  cartilagc-ccll  arc  parasites,  if  we  look  to   the 
function  of  digestion  alone.     They  live  on  food  already  more  or 
less  prepared  by  the  labours  of  other  cells  ;  and  it  is  a  universal 
law  that  in  the  measure  in  wliich  a  power  becomes  useless  it  dis- 
appears.     Hut  the  presence  of  pepsin  in  the  white  blood -corpuscles, 
the  parasites  as  weU  as  the  scavengers  of  the  blood,  and  of  amylo- 
lytic,  proteolytic  and  lipt»lytic  ferments  in  many  tissues,  should  warn 
us  not  to  conclude  that  the  power  of  formin«  ferments  belongs  ex- 
clusively to  any  class  of  cells.     There  is  good  and  growing  evidence 
that  food-substances  absorbed  from  the  blood  are  further  decomposed 
and,  it  may  be,   elaborated   by   ferment  action  within  the  tissues. 
themselves  :  \\  hile  many  facts  show  that  the  power  of  contraction  ii 
widely  diifused  among  structures  whose  special   function   is   veryi 
different,  and  a  few  point  to  its  possession  in  some  degree  even  byi 
glandular  epithelium.     On  the  other  hand,  it  must  be  remembered' 
tliat  none  of  the  digestive  gHnds  absorb  food  directly  from  the  ali- 
mentary canal  to  be  then  digested  within  their  own  cell-substance 
the  ferments  which  they  form  do  their  work  outside  of  them  ;  their 
cells  feed  also  upon  the  blood. 

Why  are  the  Tissues  of  Digestion  not  affected  by  tht 
Digestive  Ferments  ? — This  is  the  place  to  mention  a  point 
which  has  been  very  much  debated  :  Wlty  is  it  that  the  stomach 
or  the  small  intestine  does  not  digest  itself  ?  This  is  really  a 
part  of  a  wider  question  :  Why  is  it  that  living  tissues  resist  all 
kinds  of  influences,  which  attack  dead  tissues  with  success  ? 
And  we  have  to  ijiquire  whether  the  immunity  of  the  alimentary 
canal  to  the  digestive  juices  is  an  example  of  a  general  resistance 
of  all  living  tissues  to  destructive  agencies,  or  a  specific  resistance^ 
of  certain  tissues  to  certain  influences. 

That  all  living  tissues  cannot  withstand  the  action  of  the  gastrid 
juice  has  been  shown  by  putting  the  leg  of  a  living  frog  inside 
the  stomach  of  a  dog  ;  the  leg  is  graduaUy  eaten  away  (Bernard). 

It  is  tnic  that  it  has  first  been  killed  and  then  digested,  but 
the  question  is,  why  the  stomach-wall  is  not  first  killed  and  then 
digested  ?  When  the  wall  has  been  hijured  by  caustics  or  by 
an  embolus,  the  gastric  juice  acts  on  it.  But  the  living  epithelium 
that  covers  it  is  able  to  resist  the  action  of  the  acid  and  pc|>sin, 
which  destroy  the  tissues  of  the  frog's  leg.     The  explanation  is 
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not  to  be  found  in  the  alkalinity  of  the  blood,  for  the  frog's  blood 
is  also  alkaline,  and  the  cells  that  line  the  intestine  are  preseiA'ed 
from  the  pancreatic  juice,  which  is  intensely  active  in  an  alkaline 
medium,  while  the  living  frog's  leg  is  not  hanne<I  by  a  weakly 
alkaline  pancreatic  extract,  which  does  not  digest  the  epithelium, 
because  it  cannot  kill  it.  A  certain  amount  of  protection  may 
be  afforded  to  the  walls  of  the  stomach  by  the  thin  layer  of 
mucus  which  covers  the  whole  cavity,  for  mucin  is  not  affected 
by  j>eptic  digestion.  And  a  mucous  st-rretion  seems  in  some 
other  cases  to  act  as  a  protective  covering  to  the  walls  of  hollow 
viscera,  whose  contents  are  such  as  would  certainly  be  harmful 
to  more  delicate  membranes,  e.^.,  in  the  urinary  bladder,  large 
intestine,  and  gall-bladder.  Still,  however  important  such  a 
mechanical  protection  may  be,  it  does  not  explain  the  whole 
matter,  and  it  is  necessary  to  supjxjse  that  the  gastric  epitheliimi 
has  some  special  power  of  resisting  the  gastric  juice,  either  by 
turning  any  of  the  ferment  which  may  invade  it  into  an  inert 
substance  and  neutralizing  any  intrusive  acid,  or  by  opposing 
their  entrance  as  the  epithelium  of  the  bladder  opposes  the 
absorption  of  urea.  It  is  to  be  noted  that  both  active  pepsin 
and  free  acid  must  be  present  at  the  same  point  within  the  cells 
before  digestion  of  them  can  take  place.  In  the  gland-cells  of 
the  pancreas  the  protoplasm  is,  no  doubt,  shielded  from  diges- 
tion by  the  existence  of  the  ferment  in  an  inert  form  as  zymogen  ; 
and  it  is  possible  that  this  is  one  of  the  reasons  for  the  existence 
of  the  mother-substance.  But  no  such  explanation  is,  of  course, 
available  for  the  intestinal  epithelium.  Tryi>sin  when  injected 
Ixrlow  the  skin  causes  the  tissue  to  break  down  and  ulcerate. 
And  while  an  active  solution  of  trypsin  can  be  allowed  to  remain 
a  long  time  in  an  isolated  loop  of  small  intestine  without  pro- 
ducing any  ill  effect,  damage  is  soon  caused  not  only  to  the 
intestinal  wall,  but  also  to  the  liver,  when  the  mucous  membrane 
of  the  loop  has  been  injured  l^efore  the  iuiroduction  of  the 
tr>*]>sin.  We  must  suppose,  then,  that  the  normal  mucous 
membninc  of  the  intestine  prevents  the  absorption  of  tryf)sin, 
or,  if  it  absorbs  any  of  it,  rendeis  it  harmless.  Indeed,  it  is 
impossible  to  escape  the  conclusion  that  each  membrane  becomes 
accustomed,  and,  so  to  speak, '  immune/  to  the  secretion  normally 
in  contact  with  it,  although  not  necessarily  to  other  secretions. 
It  is  easy  to  multiply  illustrations  of  this  principle. 

Few  tissues  but  the  lining  of  the  urinary  tract  or  of  the  large 
intestine  could  bear  the  constant  contact  of  urine  or  fjeces. 
When  urine  is  extravasated  under  the  skin,  or  the  contents  of 

alimentary   canal   hurst   into   the   |)critoncal   cavity,    they 
into  contact  with  tissues  which,  although  alive,  are  much 

fitted  to  resist  them  than  the  surfaces  by  which  they  are 
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normally  enclosed ;  and  the  consequences  are  often  disastroufl 
LL'ucocytes  thrive  in  the  hlood,  but  perish  in  mine.  Blood  does 
nL>t  harm  the  encJothelia!  cells  of  the  vessels,  hut  kills  a  muscle 
whose  cross-seclion  is  dipped  into  it.  The  defensive,  or  in  some 
cases,  offensive  liqutLls  secreted  by  many  animals  are  harmless 
to  the  tissues  which  produce  and  enclose  them  :  a  caterpillar 
investigated  by  Poulton  secretes  a  liquid  so  rich  in  formic  acid 
that  the  mere  contact  of  it  would  kill  most  cells.  The  so-called 
saliva  of  Octopus  macro/fua  contains  a  substance  fatal  to  the 
crabs  and  other  animals  oa  which  it  preys.  The  bluod  of  the 
viper  contains  an  active  principle  similar  to  that  secreted  by  its 
poison-ghmds,  but  its  tissues  are  not  affected  by  this  substance, 
so  deadly  to  other  animals. 

A  long  step  in  the  solution  of  nur  problem  has  lately  been  taken 
by  Weitiland.  Starting  with  the  idea  that  if  special  protective 
mechanisms  against  the  digestive  juices  were  anywhere  to  be 
found  it  would  he  in  the  intestinal  parasites  whose  whole  exist- 
ence is  passed  among  them,  he  has  made  thii  important  discovery 
that  in  these  parasitic  w^orms  specific  antifemients  exist — «.tf., 
substances  which  inhibit  the  action  either  of  pepsin  or  of  trypsin 
or  of  both.  These  substances  can  be  precipitated  from  the 
expressed  juice  of  the  worms  by  alcohol,  without  completely 
losing  their  activity.  Fibrin  can  he  impregnated  with  them, 
and  it  is  then,  just  like  the  *  living  tissue,'  rendered  for  a  longer 
or  shorter  time  unassailable  by  the  proteolytic  ferments.  In 
the  mucous  membrane  of  the  stomach  and  intestines  of  the 
higher  animals  similar  antiferments  are  contained  in  the  cells, 
and  can  be  extracted  from  them.  The  gastric  extract  contains 
not  only  an  anti[>epsin,  but  an  antitrypsin,  too.  It  is  also 
known  that  an  antitrypsin  exists  in  the  blood.  In  addition  to 
this  lK>dy,  which  hinders  the  action  of  fully-formed  trypsin, 
the  blood  of  some  animals  contains  an  antikinase — i.e.,  a  sub- 
stance which  hinders  the  action  not  of  trypsin,  but  of  entero- 
kinase.  preventing;  it  from  activating  the  trypsinogcn  into  trypsin. 


The  Influence  of  the  Nervous  System  on  the  Digestive 

Glands. 


I 


The  greater  part  of  our  knowledge  of  this  subject  has  been 
gained  by  the  study  of  the  salivary  glands,  and  especially  the 
submaxillary  and  sublingual,  which  lie  superficially  and  are 
easily  exposed.  Jj^ 

(i)  The  Influence  of  Nerves  on  the  Salivary  Glands. — Alfll 
the  salivary  glands  have  a  double  nerve-supply,  from  the  medulla 
oblongata  through  some  of  the  cranial   nerves,   and   from  tb 
spinal  cord  through  the  cervical  sympathetic  (Fig.  123), 


DIGESTION 


31c. 


I 
I 


In  the  dc»5  the  cttorda  tynipani  branch  of  the  facial  nerve  carries 
the  cranial  supniy  of  the  subhngual  and  submaxillary  glands.  It 
joins  the  hngual  branch  of  the  rtlth  nerve,  runs  in  company  with  it 
for  a  httlc  way,  and  then,  breaking  ofi.  after  giving  some  fibres  to  the 
hngual,  passes,  as  the  chorda  tympani  proper,  along  Wharton's  duct 
to  the  submaxiUar\'  gland.  In  the  hihis  of  this  gland  most  of  its 
fibres  break  up  into  fibrils  around  nervc-cclls  situated  there  and  lose 
their  medulla  in  doing 
so.  A  few  fibres  ter- 
minate in  a  similar 
nianncrbefore  entering 
the  hilub,  and  a  few 
deeper  in  the  gland . 
'Ihe  nervous  path  is 
continued  by  tlic  axis- 
cylindcr  processes 
(Chap.  XII.)  of  these 
nerve  -cells,  which, 
passing  in  as  non- 
mcduUated  fibres,  end 
in  a  plexus  on  the  base- 
ment membrane  of  tlie 
alveoli.  From  the 
plexus  fibrils  run  in 
among  the  gland-cells, 
but  do  not  seem  to 
penetrate  them.  The 
lingual,  the  chorda 
tynipani  proper,  and 
Wharton's  duct  form 
the  sides  of  what  is 
called  the  chordo- 
lingual  tiiangle.  With- 
in this  triangle  arc  situ- 
ated many  ganghon 
cells,  a  special  accu- 
mulation of  which  has 
received  the  name  of 
the  submaxillary  gang- 
lion. This,  however, 
should  rather  be  called 
the  sublingual  gang- 
lion, since  its  cells,  as 
well  as  the  others  in 
the  chordo-lingual  tri- 
angle, arc  the  cells  of 
origin  of  axis-cylinder 
processes,  which  pro- 
ceed as  non-medullated 
fibres  to  the  sublingual 

gland.  The  sublingual  gland  receives  its  cerebral  fibres  partly  from 
branches  given  of!  from  the  Ungual  in  the  chordo-lingual  triangle 
after  the  chorda  tympani  proper  has  separated  from  it,  and  ending 
around  the  nerve-cells  within  that  triangle,  partly  from  the  chorda 
it*clf  in  the  terminal  portion  of  its  course.  These  statements  rest  on 
anatomic;il  and  physiological  evidence.   The  latter  we  shall  return  to. 


Fio.  125. — NiBve*  or  thu  Sauvaky  Glanos« 

SM  and  SL.  submaxillary  and  sublinKual  glands : 
f.  parotid  ;  V.  tifth  nerve ;  VII.  facial ;  CiP.  kIosso- 
pharjragcal  ;  U  lingual:  t-T,  •  horda  tympaiii :  CL, 
chordti-linjni^l  :  D.  submaxillarv  (Whartoa's)  ilurt : 
C,  (angUoa  rcU  of  so-callod  tubmoxiUary  gan^on 
ia  the  chordo-lingual  triangle,  connected  with  a 
ncTve  fibre  going  to  sublingual  gland :  C".  gjoftioa 
rell  in  hilua  of  submaxillary  gland ;  SSP,  small 
jiuperficl.1l  petrosal  branch  of  the  facial :  OG,  otic 
^aiifilion ;  IM.  inferior  maxillary  division  of  fifth 
D  rvc:  AT.  a  uric  ulo- temporal  br.uich  of  fifth;  JN. 
f.icobsoQ's  net ve ;  C,  ganglion  rells  in  superior 
•  errical  ganglion  (SG)  connected  with  sympathetic 
fibres  going  to  parotid.  submaxiUory  and  sublinf  imI 
g]and<.     The  hgtire  is  ftrhematic. 
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The  cerebral  fibres  for  the  parotid  (in  the  dog)  pass  from  th< 
tymparuc  branch  of  the  rIosso- pharyngeal  ( Jacobson's  nerve)  througl 
connecting  filaments  to  the  small  superficial  petrosal  branch  of  thi 
facial,  with  this  nerve  to  the  otic  ganglion,  and  thence  by  the 
auriculo-temporal  branch  of  the  fifth  to  the  gland. 

The  sympathetic  ftbrcH  for  all  the  salivary  glands  appear  to  arise 
from  nerve-ccUs  in  the  upper  dorsal   portion  of  the  spinal  cord. 
Issuing  from  the  cord  in  the  anterior  roots  of  the  upper  thoracic 
nerves  (first  to  fifth,  but  mainly  second  thoracic  for  the  submaxillary), 
they  enter  the  sympathetic   chain,   in   which  they  run   up  to   the 
superior  cervical  ganglion.     Here  they  break  up  into  terminal  twigs,  i 
and  thus  come  into  relation  with  ganglion  cells,  whose  axis-cylinder' 
processes  pass  out  as  non-mcdnllatcd  fibres,  and,  surrounding   the 
external   carotid,    reach    the    salivary    glands   along   its   branches. 
Langley  has  shown,  by  means  of  nicotine  (p.   148),  that  the  sym- 
pathetic fibres  for  the  submaxillary  and  sublingual,  and,  indeed,  for 
the  head  in  general  in  the  dog  and  cat,  are  connected  with  nerve- 
cells  in  this  ganghon,  hut  not  between  it  and  their  termination,  ori 
between  it  and  their  oriijiri  from  the  spinal  cord. 

Stimulation  of  the  Cranial  Fibres, — When  in  a  dog  a 
cannula  is  placed  in  Wharton's  duct,  and  the  saliva  collected 
(p-  373).  't  1^  found  that  stimulation  of  the  ]>eripheral  end  of  the 
divided  chorda  caust^s  a  brisk  flow  of  watery  saliva,  and  at  the 
same  time  a  dilatation  of  the  vessels  of  the  gland,  which  we  have 
already  described  in  dealing  with  vaso-motor  nerves  (p.  146). 
Notwithstanding  the  vaso-dilatation,  the  volume  of  the  gland  is 
in  genera]  diminished,  owing  to  the  rapid  passage  of  water  into 
the  duct  (Hunch).  The  blood  has  been  shown  to  lose  water  in 
making  the  circuit  of  the  submaxillary  gland  during  excitation  of 
the  chorda,  but  doubtless  some  of  the  water  of  the  saliva  comes 
directly  from  the  cells  or  from  the  lymph.  That  the  increased 
secretion  is  not  due  merely  to  the  greater  bhxjd-supply,  and  the 
consequent  increase  of  capillary  pressure,  is  shown  by  the  injection 
of  atropia,  after  which  stimulation  of  the  nerve,  although  it  still 
causes  dilatation  of  the  vessels,  is  not  followed  by  a  flow  of 
sahva.  Mere  increase  of  pressure  could  not  in  any  case  of  itself 
account  for  the  secretion,  since  it  has  been  found  that  the  maxi- 
mum pressure  in  the  salivary  duct  when  the  oixtflow  of  saliva 
from  the  duct  is  prevented  may,  during  stimulation  of  the  chorda, 
much  exceed  the  arterial  blood- pressuj*e  (Ludwig).  In  on 
experiment,  for  example,  the  pressure  in  the  carotid  of  a  dog 
was  125  mm,,  in  Wharton's  duct  195  mm.  of  mercury. 

Even  in  the  head  of  a  decapitated  animal  a  certain  amount  of 
sahva  may  be  caused  to  flow  by  stimulation  of  the  chorda,  but 
too  much  may  easily  be  made  of  this.  And  since  the  blood  is  the; 
ultimate  source  of  the  secretion,  we  could  not  expect  a  permanen 
or  copious  flow  in  the  absence  of  the  circulation,  even  if  tlie  gland- 
cells  could  continue  to  live.  In  fact,  when  the  circulation  is 
almost  stopped  by  strong  stin\ulation  of  the  sympathetic,  the 
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flow  of  saliva  caused  by  excitation  of  the  chorda  is  at  the  same  time 
greatly  lessened  or  arrested,  even  though  the  symjiathetic  itself 
possesses  secretory  fibres.  So  that,  while  there  is  no  doubt  that 
the  chorda  tympani  contains  fibres  whose  function  is  to  increase 
the  activity  of  the  gland-cells,  its  vaso-dilator  action  is,  under 
normal  conditions,  closely  connected  with,  and,  indeed,  auxiliary 
to,  its  secretory  action,  although  the  former  docs  not  directly 
produce  the  latter.  This  is  only  a  particular  case  of  a  physio- 
logical law  of  wide  application,  that  an  organ  itt  action  in  general 
receives  more  blood  than  Uw  sanie  organ  in  repose,  or,  in  other 
words,  that  the  tissues  are  led  according  to  their  needs.  The  con- 
tracting muscle,  the  secreting  gland,  is  flushed  with  blood,  not 
because  an  increased  blood-flow  can  of  itself  cause  contraction 
or  secretion,  but  because  these  high  efforts  require  for  their  con- 
tinuance a  rich  supply  of  what  blood  brings  to  an  organ,  and  a 
ready  removal  of  wiiat  it  takes  away. 

The  quantity  of  blood  passing  through  the  parotid  of  a  horse 
when  it  is  actively  secreting  during  mastication  may  be  quad- 
rupled (Chauveau).  The  parallel  between  the  muscle  and  the 
gland  is  drawn  closer  when  it  is  stated  Uiat  electrical  rharges 
accompany  secretion  (p,  (>47)»  and  that  the  rate  of  production  of 
carbon  dioxide  and  consuniption  of  oxygen  (in  the  submaxillary 
Ijland)  is  three  or  four  times  greater  during  activity  than  during 
rest.  The  temperature  of  the  saliva  flowing  from  the  dog's 
submaxillary  during  stimulation  of  the  chorda  has  been  found  to 
be  as  much  as  1-5"  C.  above  that  of  the  blood  of  the  carotid, 
idthough  with  the  gland  at  rest  no  constant  difference  could 
be  detected  l>etween  the  arterial  blood  and  the  interior  of 
Wharton's  duct.  Bui  such  measurements  are  op>en  to  many 
fallacies  ;  and  while  there  is  no  doubt  that  more  heat  is  produced 
in  the  active  than  in  the  passive  gland,  it  will  not  be  surprising, 
when  the  vastly-increased  blood-flow  is  remembered,  that  no 
difference  of  temperature  between  the  incoming  and  outgoing 
blood  has  been  satisfactorily  demonstrated. 

It  has  already  been  mentioned  that  most  of  the  fibres  of  the  chorda 
tympani  proper  bocomc  connected  with  gangUon-cells.  and  lose  their 
medulla  insiac  the  3ubmaxillar>'  gland,  only  a  few  having  already  lost 
it  by  a  similar  connection  with  ganglion-cells  in  the  chordo-hngual 
triangle.  These  facts  have  been  made  out  by  means  of  the  nicotine 
method  previously  descrit>cd  (p.  148).  Thus,  it  is  found  that,  after 
the  injection  of  ni'cotine  (5  to  10  mg,  in  a  rabbit  or  cat,  40  or  50  mg. 
in  a  dog),  stimulation  of  the  chorda  tympani  proi>er  or  of  the  chordo- 
lingual  nerve  causes  no  secretion  from  the  submiixillary  filand  ;  but 
stinmlation  of  the  hilus  of  the  gland  is  followed  by  a  copious  secretion 
— as  much,  if  the  stimulation  is  fairly  strong,  as  was  caused  bv 
excitation  of  the  nerve  before  injection  of  nicotine.  That  Uiis  is 
due  neither  to  any  direct  action  on  the  pland-cells,  nor  to  stimulation 
of  the  sympathetic  plexus  on  the  submaxillar\'  artery,  but  to  sliniula- 
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tion  of  chorda  fibres  beyond  the  hilus,  is  shown  by  the  fai 
after  atropia  has  been  injected  in  sufficient  amount  to  paralyze  the 
nerve  endings  of  the  chorda,  but  not  nf  the  sympathetic,  stimulation 
of  the  hihis  causes  little  or  no  How  of  sahva.  The  application  of 
nicotine  solution  to  the  chordo-lingii:il  triangle  does  not  affect  the 
submaxillary  secretion  caused  by  stimulation  of  Lhe  chordo-Ungual 
nerve,  even  in  cases  ^vhcrc  a  few  scerelory  fibres  for  the  submaxillary 
do  not  leave  the  chordo-linyual  nerve  in  the  chorda  tympani  proper, 
but  are  given  of!  to  the  chordo-Imgual  triangle.  This  shows  that 
none  of  the  ganghon-cells  in  the  triangle  are  connected  with  the 
cerebral  secretory  fibres  of  the  submaxillary  gland.  By  observations 
of  the  same  kind  they  arc  known  to  be  connected  wth  fibres  going 
to  the  s«blinj;;ual.  In  a  similar  way,  by  observing  the  effects  of 
stimulation  of  the  chorda  on  the  bloodvessels  before  and  after  the 
application  of  nicotine,  it  has  been  found  that  the  vaso-dilator  fibres 
are  connected  with  ganglion  cells  in  the  same  [positions  as  t 
secretory  fibres  (I.angley). 


Stimulation  of  the  S3rmpathelic  Fibres. — The  symp>atheti 
as  has  been  already  indicated,  loiilains  both  vaso-constrictor 
and  secretory  fibres  for  the  salivary  glands.  If  the  cervical 
sympathetic  in  the  dog  is  divided,  and  the  cephalic  end  mode 
ralely  stimulated,  a  few  drops  of  a  thick,  viscid  and  scanty  saliv 
flow  from  the  submaxillary  and  sublingual  ducts,  while  thi 
current  of  blood  through  the  glands  is  diminished.  As  a  rule,  no 
visible  secretion  escapes  from  the  parotid,  but  microscopic  exam- 
ination shows  that  many  of  the  ductules  are  fiHed  with  fluid, 
which  is  apparently  so  thick  as  to  [)]ug  them  up  (I^nglev)  ; 
whde  the  cells  show  signs  of  *  activity  '  (p.  305).  1 

Simultaneous  Stimulation  of  Cranial  and  Sjmipathetic 
Fibres. — Wlien  the  chorda  and  sympathetic  are  stimulated 
together,  the  former  prevails  so  far,  with  moderate  stimulation  of 
the  latter,  tliat  the  submaxillary  saliva  is  secreted  in  considerable 
quantity,  and  is  not  particularly  viscid  ;  it  is,  however,  richer 
in  organic  matter  than  is  the  chorda  saliva  itself.  WTien  the 
chorda  is  weakly,  and  the  sympathetic  strongly,  excited,  the 
scanty  secretion  (if  there  is  any)  is  of  sympathetic  type,  thick 
and  rich  in  organic  matter.  With  strong  stinmlation  of  both 
nerves,  the  secretion,  at  first  plentiful  and  watery,  soon  dimin- 
ishes, even  below  the  amount  obtained  by  stimulation  of  the 
chorda  alone,  perhaps  because  of  the  diminution  in  the  blood- 
flow  prcjduced  by  the  vaso-coiistnctors  of  tlie  sympathetic. 
With  stimulation  just  strong  enough  to  cause  secretion  when 
apphed  separately  to  either  nerve,  there  is  no  secretion  when  it 
is  applied  simultaneously  to  both. 

All  this  refers  to  the  dog.  In  this  animal,  then,  there  seems 
to  be  a  certain  amount  of  physiological  antagonism  between  the 
secretory  action  of  the  two  nerves.  But  it  differs  in  one  respect 
from  the  antagonism  between  their  vaso-motor  fibres  ;  lor  witli 
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strong  stimulation  the  constrictors  of  the  sympathetic  always 
swamp  the  dilators  of  tht'  chorda,  while  the  secretory  fibres  of  the 
chorda  appear  upon  the  whole  to  prevail  over  those  of  the  sympa- 
thetic. And  in  all  probability  this  apparent  secretory  antagonism 
is  very  superficial  ;  and  whatever  interference  there  may  be 
between  the  two  ner\'es,  apart  from  any  ixjssible  effect  of  their 
vaso-motor  interference,  is  not  due  to  the  one  annulhng  the  influ- 
ence of  the  other  on  the  gland-cells,  but  to  the  cells  being  called  by 
them  to  different  labours,  in  general  complementary  to  each 
i>ther,  and  only  incompatible  in  so  far  as  thi:  working  jwwer  of 
the  cells  may  not  be  able  to  res|>ond  at  the  sumt'  time  to  large 
demands  from  lK>tli  sides.  For  the  sympathetic  always  adds 
something  to  the  common  secretion  when  there  is  a  secretion  at 
all,  this  something  !>eing  represented  by  an  increase  in  the 
]>ercentage  of  organic  matter.  Not  only  so,  but  the  symi»athetic 
effect  persists  after  stimulation  has  been  stopped  ;  and  excitation 
of  tlie  chorda  after  previous  stimulation  of  the  sympathetic 
causes  a  flow  of  saliva  richer  in  organic  matter  than  woukl  have 
l»een  the  case  if  the  sympatht-tir  had  not  been  stimulated. 

Indeed,  the  distinction  between  chorda  and  sympathetic 
saliva,  which,  by  taking  account  of  the  parotid  as  well  as  the  sub- 
maxillary and  sublingual  glands,  has  been  generaliJEcd  into  a  dis- 
tinction between  cerebral  and  symi>athetic  saliva,  and  which 
holds  good  in  the  dog  and  the  rabbit,  breaks  down  before  a  wider 
mduction.  For  in  the  cat  the  sympathetic  saliva  of  the  sub- 
maxillary gland,  although  much  more  scanty,  is  more  watery 
than  the  chorda  saliva  (Langley),  which,  however,  is  by  no  means 
viscid  ;  and  the  two  secretions  differ  far  less  than  in  the  dog. 
In  accordance  with  this  functional  similarity,  there  is  a  much 
smaller  difference  Ln  the  action  of  atropia  on  the  two  sets  of  fibres 
in  the  cat  than  in  the  dog,  although  e\'en  in  the  cat  the  sympa- 
thetic is  less  readily  paralyzed  than  the  chorda. 

In  their  secretory  action  there  is  not  even  an  api)arenl  anta- 
gonism in  the  cat,  with  minimal  stimulation  of  both  ner\'es,  which 
causes  as  much  secretion  as  would  be  produced  if  both  were 
separately  excited.  Further,  even  in  the  dog,  after  prolonged 
stimulation  of  the  sympathetic,  the  subinaxilUu-y  saliva  is  no 
longer  viscid,  but  watery,  the  pro]X)rtion  of  solids,  and  especially  of 
organic  solids,  being  much  lessened,  as  it  is  also  in  chorda  saliva 
after  long  excitation.  When  the  cerebral  nerve  of  the  resting 
gland  IS  strongly  excited,  it  is  found  that  up  to  a  certain  limit  the 
I>ercentage  of  organic  matter  in  a  small  sample  of  saliva  sub- 
sequently collected  during  a  l)rief  weak  excitation  increases  with 
the  strength  of  the  previous  stimulation  ;  this  is  also  true  of  the 
inorganic  solids.  But  there  is  a  striking  difference  when  the 
experiment  is  made  on  a  gland  after  a  long  period  of  activity ; 
I  21—^ 
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here  increase  of  stimulation  causes  no  increase  in  the  percentage 
of  organic  material,  while  the  inorganic  solids  are  still  increased. 
In  both  rases  the  absolute  quantity  of  water,  and  therefore  the 
rate  of  flow  of  the  secretion,  is  augmented. 

All  this  points  to  the  same  conclusion  as  the  microscopic 
appearances  in  the  gland-cells,  that  the  cells  during  rest  manufac- 
ture the  organic  constituents  of  the  secretion,  or  some  of  them, 
and  store  them  up,  to  be  discharged  during  activity.  The  water 
and  the  inorganic  salts,  on  the  other  hand,  seem  rather  to  be 
secreted  on  the  spur  of  the  moment,  so  to  speak,  and  not  to  require 
such  elaborate  ]>reparation.  And  it  has  been  stated  that  when 
the  chorda  tym]>ani  is  stimulated  with  currents  of  varying 
strength,  the  quantity  of  organic  substances  in  small  samples  of 
saJiva  collected  from  a  fresh  gland  is  more  nearly  proj^ortional 
to  the  rate  of  secretion  than  is  the  quantity  of  water  and  saJts^ 
which  varies  also  with  the  blood-supply. 

Ill  order  to  explain  the  ditference  between  the  cerebral  and 
sympathetic  secretion,  Hcidenhain  has  supposed  the  existence  of 
two  kinds  of  secretory*  fibres  :  (i )  sccrctor\'  fibres  proper,  the  excita- 
tion nf  which  caii.scs  an  actual  outpouring  of  liquid  from  the  gland- 
cells  into  the  ducts  :  (2)  '  trophic  '  fibres,  wluch  not  only  promote 
the  changes  by  which  already  formed  organic  constituents  of  the 
.secretinn  pass  into  solution,  but  also  stimulate  the  growth  of  the 
glandular  piotoplasm.  In  such  animals  as  tlic  doy.  the  cranial  nerve 
(the  chorda  in  the  case  of  the  subma.xillary  and  sublingual  glands) 
was  supposed  to  contain  many  fibres  of  group  (i),  comparatively  few 
of  group  {2)  ;  and  the  sympathetic  few  of  ( 1 )  and  more  of  (2).  Since 
these  trophic  fibres,  according  to  Heidenhain's  original  statement  of 
his  hypothesis,  possess  two  distinct  functions,  his  second  group  is 
sometimes  subdivided  into  a  set  of  katabolic  fibres  which  favour  the 
breaking  down  of  material  in  the  cell  as  a  preliminary  to  its  removal 
in  the  accretion,  and  a  set  of  anabolic  fibres  which  have  to  do  with 
the  building  up  of  fresh  substance.  But  it  must  be  remembered  that, 
although  it  may  be  convenient  for  certain  purposes  to  make  such  a 
physiological  classification,  there  is  no  proof  of  the  existence  of  any 
corresponding  anatomical  distinction  ;  and  l.anglcy  has  sho^^^^  that 
in  the  cat's  chorda  atropia  acts  simultaneously  on  all  the  secretory 
fibres  ;  the  moment  it  paralyzes  one  group  all  are  paralyzed.  If  they 
were  anatomically  distmct,  it  might  have  been  supposed  that  atropia 
in  a  certain  dose  would  pick  out  one  or  other  group,  and  leave  th( 
rest  still  active. 

It  is  conceivable  that  the  differences  between  chorda  ant 
sympathetic  saliva  are  due,  not  to  the  nerve-fibres^  but  to  the 
end  organs  with  which  they  are  connected  ;  that  is,  the  two- 
nerves  may  supply,  not  the  same,  but  different  gland-cells. 
And  it  is  well  known  that  even  after  prolonged  stimulation  of  the 
chorda  or  cliorclo-lingual  alone,  some  alveoli  of  the  dog's  sub- 
maxillary gland  remain  in  the  '  resting  '  state  ;  after  stimulation 
of  the  sympathetic  alone,   the  number  of  unaffected  alveoli  is 
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much  greater  ;  while  after  stimulation  of  both  nerves,  few  alveoli 
seem  to  have  escaped  cliange.  However  suggestive  these  facts 
may  be,  they  will  not  as  yet  bear  the  weight  even  of  a  hypothesis 
of  sahvary  secretion.  There  must,  in  any  case^  be  some  over- 
lapping in  the  nerve-supply  ;  that  is,  some  cells  must  be  supplied 
by  lx>th  nerves,  since  excitation  nf  the  sympathetic  influences 
the  amount  of  organic  material  in  the  saliva  obtained  by  sub- 
sequent stimulation  of  the  chorda,  and  this  organic  matter 
certainly  comes,  for  the  most  part  at  least,  from  substances 
stored  up  in  the  cells.  And,  indeed,  we  know  nothing  of  a 
division  of  laliour  between  the  cells  of  a  gland,  except  when 
there  are  obvious  anatomical  distinctions.  Thus,  the  sub- 
maxillary gland  in  man  contains  both  serous  and  mucous  acini, 
and  mudn-making  cells  are  scattered  over  the  ducts  of  most 
glands,  and,  indeed,  on  nearly  every  surface  which  is  clad  with 
columnar  epithelium.  In  these  cases  we  cannot  doubt  that  one 
constituent — mucin — of  the  entire  secretion  is  manufactured  by 
a  portion  only  of  the  cells.  In  the  cardiac  glands  of  the  stomach, 
too,  the  ovoid  cells,  in  all  probability,  yield  the  whole  of  the 
acid  of  the  gastric  juice.  But,  so  far  as  we  know,  every  hepatic 
cell  is  a  liver  in  little.  Every  cell  secretes  fully-formed  bile  ; 
every  cell  stores  up,  or  may  store  up,  glycogen.  So  it  is  with 
the  secretory  alveoli  of  the  pancreas,  if  we  consider  the  islands 
of  Langerhans  as  having  no  connection  with  the  alveoli ;  one 
cell  is  just  like  another  ;  all  apparently  perform  the  same  work  ; 
each  is  a  unicellular  pancreas.     (But  see  p.  486.) 

Paralytic  Secretion. — ^W'hen  the  chorda  tyinpani  is  divided,  a  slow 
'  paralytic  '  secretion  from  the  submaxillary  gland  begins  in  a  few 
hours,  and  continues  for  a  lon^  lime  accomi>anied  by  atrophy  of 
the  glaod.  There  is  also  a  secretion  of  the  same  kind  from  the 
submaxillary  on  the  opposite  side,  but  it  is  less  copious.  This  is 
called  the  '  antilytic  '  secretion,  which  is  most  pronounced  in  the  first 
few  days  after  the  operation,  and  seems  to  oe  a  transient  pheno- 
menon. It  can  be  at  once  abolished  by  section  both  of  the  chorda 
and  the  sympathetic  on  the  corres^wnding  side,  and  is  therefore  due 
to  impulses  arising  in  the  central  nervous  system.  The  cause  of  the 
paraK^ic  secretion  has  not  been  fully  made  out.  If  within  two  or 
three  days  of  dixision  of  the  chorda  the  sympathetic  on  the  same 
side  is  cut.  the  secretion  is  greatly  diminished  or  stops  altogether  ; 
and  it  is  concluded  that  up  to  this  time  it  is  maintained  by  impulses 
passing  along  the  sympathetic  to  the  gland  from  the  sahvary  centre, 
the  cxcitabiUty  of  wliich  has  been  in  some  way  increased  by  divnsion 
of  the  chorda,  possibly  by  some  such  degenerative  process  in  the 
cells  as  the  chromatolvsis  seen  in  ccrebro-spinal  motor  cells  whose 
axons  have  been  divided  (p.  667).  This  may  also  account  for  the 
antiU'ttc  secretion.  But  if  section  of  the  sympathetic  is  not  ixrr- 
formed  for  several  days,  it  has  no  effect  on  the  paralytic  secretion, 
which  at  this  stage  seems  to  depend  on  hical  changes  in  or  near  the 
"and  itself,  leading  to  a  mild  continuous  excitation  of  those  nerve- 
oQ  Uie  cuursc  of  the  hbres  of  the  chorda  to  which  reference  has 
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already  been  made.     Section  of  the  sympathetic  alone  causes  neitht 
secretion   nor   atrophy,   nor  docs  removal  of  the  superior   cervical 
ganglion.     The    histological    characters    of    the    gland-cells    durinj 
piralytic  secretion  arc  those  of  '  rest,' 

Refiex  Secretion  of  Saliva. — Tlic  reflex  mechanism  of  salivary 
secretion  is  very  mobile,  and  easily  set  in  action  by  physical  and 
mental  mduences.  It  is  excited  normally  by  impulses  which 
arise  in  the  mouth,  especially  by  the  contact  of  food  with  the 
buccal  mucous  membrane  and  the  gustatory  nerve-endings. 
The  mere  mechanical  movement  of  the  jaws,  even  when  there 
is  nothing  between  the  teeth,  or  only  a  bit  of  a  non-sapid  sub- 
stance like  indiarubber,  causes  some  secretion.  The  vapour  of 
ether  gives  rise  to  a  rush  of  saliva,  as  does  gargling  the  mouth 
with  distilled  water.  The  smell,  sight,  or  thought  of  food,  and 
even  the  thought  of  saliva  itseU,  may  act  on  the  saUvary  centre 
through  its  connections  with  the  cerebrum^  and  make  '  the  teeth 
water.'  A  copious  flow  of  saliva^  reflexly  excited  through  the 
gastric  branches  of  the  vagus,  is  a  common  precursor  of  vomit- 
ing ;  the  introduction  of  food  into  the  stomach  also  excites 
salivary  secretion. 

The  researches  of  Pawlow  and  his  pupils  have  shown  that  the 
salivary  glands  are  not  excited  indifferently  by  everything  which 
comes  into  contact  with  the  buccal  mucous  membrane.  A 
remarkable  adaptation  exists  between  the  properties  of  food  or 
foreign  bodies  introduced  into  the  mouth  and  their  effects  upon 
the  secretion  of  saliva.  When  solid  dry  food  is  given  to  a  dog 
saliva  is  copiously  jjoured  out  ;  much  less  is  secreted  when  the 
food  is  moist.  Acids  or  salts  induce  a  plentiful  flow^  in  order 
that  they  may  be  neutrahzed,  diluted,  or  washed  out  of  the 
mouth.  In  this  case  a  watery  liquid,  poor  in  mucin,  flows  from 
the  mucous  glands.  Mucin  is  a  lubrirant  to  facilitate  the  swal- 
lowing of  solid  food,  and  here  it  could  l>c  of  no  use.  When  clean 
]>ebbles  are  put  in  the  dog's  mouth  the  animal  may  try  to  chew 
them,  but  eventually  ejects  them.  Either  no  saliva  or  very 
little  is  secreted,  since  it  could  not  aid  in  their  expulsion.  If, 
however,  the  very  same  stones  are  reduced  to  sand  and  again 
introduced  into  the  animal's  mouth,  saliva  is  plentifully  secreted 
to  wash  it  out. 

The  serous  and  mucous  saUvary  glands  are  not  necessarily 
excited  by  the  same  food  materials,  and  here  again  we  can  trace 
an  astonishingly  exact  adaptation.  A  permanent  parotid  or  sub- 
maxillary fistula  can  easily  be  made  in  a  dog  by  freeing  Stensen's 
or  Wharton's  duct  from  the  surrounding  mucous  membrane 
for  a  little  distance,  bringing  the  natural  orifice  of  the  duct  out 
through  a  small  wound  in  the  cheek,  and  stitching  it  in  positio 
there.    When  it  is  desired  to  collect  saliva  the  wide  end  of 
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funnel-shaped  tube,  whose  stem  is  bent  so  as  to  hang  vertically, 
can  be  attached  by  a  little  shellac  of  low  melting-point  to  the 
skin  around  the  orifice  of  the  duct  antl  at  some  distance  from  it, 
and  on  the  narrow  end  can  be  hung  a  small  graduated  tube,  into 
which  the  saliva  drops.  When  fresh  meat  is  given  to  the  animal 
little  or  no  parotid  saliva  is  secreted,  while  a  copious  flow  takes 
place  from  the  submaxillary  gland,  mucin  being  required  to 
lubricate  it  for  degUitilioa,  while  water  is  not  specially  needed. 
But  if  the  meat  is  in  the  form  of  a  dry  [wwder  the  parotid  pours 
out  a  plentiful  secretion,  while  the  submaxillary  also  secretes  a 
fluid  relatively  rich  in  mucin.  The  siimc  difference  is  seen 
between  fresh  moist  bread  and  dry  bread.  The  afferent  nerve- 
endings  from  which  impulses  are  carried  to  the  reflex  centres  (or 
the  portions  of  the  salivary  centre)  which  preside  over  the  various 
salivary  glands  must  jxjssess  the  power  of  very  delicate  selection 
as  regards  the  kinds  of  stimulation  by  which  they  are  afifccted. 
The  mere  relish  of  the  animal  for  the  different  kinds  of  food 
plays  but  a  small  part.  Most  dogs  display  a  much  livelier 
interest  in  a  piece  of  meat  than  in  a  piece  of  dry  biscuit,  yet 
it  is  the  biscuit  which  excites  the  parotid  to  activity. 

The  sight  of  dry  ftxid  causers  a  copious  flow  of  watery  saliva 
from  the  parotid,  and  a  flow  of  fluid  rich  m  mucin  from  the  sub- 
maxillary. Various  uneatable  substances,  including  substances 
which  in  contact  with  the  mucous  membrane  of  the  mouth 
produce  strong  and  disagreeable  stimulation  of  it,  and  excite  dis- 
gust, cause  also,  when  viewed  from  a  distance,  secretion  by  all 
the  saUvary  glands  :  but  the  submaxillary  saliva,  as  ought  to 
be  the  case  for  substances  unfit  for  food,  and  tlierefore  not 
destined  to  l>e  swallowed,  is  poor  in  mucin.  When  the  animal 
is  shown  pebbles  and  sand  the  phenomena  are  qualitatively  the 
same  as  wlien  they  are  put  into  its  mouth — the  glands  remaining 
inactive  in  presence  of  the  pebbles,  but  secreting  plentifully  at 
sight  of  the  sand.  In  short,  the  same  adaptation  is  observed  in 
the  case  of  the  so-called  psychical  secretion  as  when  the  stimu- 
lating substances  act  directly  upon  the  endings  of  the  afferent 
salivary  nerves  in  the  buccal  mucous  membrane.  It  is  further 
worthy  of  note  that  when  the  animal  is  hungry  the  psychical 
secretion  is  most  copious  and  most  easily  obtained.  After  a 
lull  meal  it  cannot  be  elicited  at  all.  Wlion  food  (or  other 
exciting  substance)  is  repeatedly  shown  to  a  fasting  animal  the 
reaction  becomes  each  time  weaker,  and  finally  the  glands 
cease  to  respond.  All  that  is  then  necessary  to  restore  the  re- 
action is  to  put  into  the  animal's  mouth  a  little  of  the  food  (or 
other  object).  When  it  is  now  shown  it  at  a  distance  the  ordinary 
effect  follows  promptly.  This  indicates  that  the  condition  of  the 
salivary  centre  exercises  an  imi>ortant  influence  u[>on  the  psychical 
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secretion,  its  excitability  to  the  weaker  stimulus  set  up  by  the 
sight  of  the  ubject  bein^  incTL^asud  by  the  stronger  reflex  stimula- 
tion coming  directly  from  the  mouth.  In  the  condition  of 
satiety  the  inexcitability  of  the  centre  may  be  due  to  the  action 
of  food  products  in  the  blood. 

In  most  animals  and  in  man  the  activity  of  the  large  salivary* 
glandi^  is  strictly  intermittent.  But  the  smaller  glands  that  stud 
the  mucous  niembrane  of  the  mouth  never  entirely  cease  to  secrete, 
and  the  same  is  the  case  with  the  parotid  in  ruminant  animals. 
The  centre  is  situated  in  the  medulla  oblongata,  stimulation 
of  which  causes  a  flow  of  saliva.  The  chief  afferent  paths  to  the 
salivary  centre  are  the  lingual  branch  of  the  fifth  and  the  glosso- 
pharyngeal ;  but  stimulation  of  many  other  nerves  may  cause 
reflex  secretion  of  saltva.  In  experimental  reflex  stimulation,  the 
sole  efferent  channel  seems  to  be  the  cerebral  nerve-supply  of  the 
glands.  After  section  of  the  chorda,  no  reflex  secretion  by  the 
submaxillary  gland  can  be  caused,  although  the  sympathetic 
remains  intact. 

It  was  alleged  by  Bernard  that,  after  division  of  the  chordo- 
lingual,  a  reflex  secretion  could  be  obtained  from  the  submaxillary 
gland  by  stimulating  the  central  end  of  the  cut  lingual  nerve 
between  the  so-called  submaxillary  ganglion  and  the  tongue,  the 
ganglion  being  supposed  to  act  as  *  centre.'  It  has  been  shown, 
however,  that  this  is  not  a  true  reflex  effect,  but  is  due  to  the 
excitation  of  certain  (recurrent)  secretory  fibres  of  the  chorda 
that  run  for  some  distance  in  the  lingual,  then  bend  back  on 
their  course  and  pass  to  the  gland.  It  may  be  in  part  a  pseudo- 
or  axon-reflex  (p.  711).  elicited  by  excitation  of  efferent  fibres, 
which  send  branches  to  some  o(  the  ganglion  cells. 

Tlie  salivary  centre  can  also  be  inhibited,  especially  by  emotions 
of  a  painful  kind — for  instance,  the  nervousness  which  often 
dries  up  the  saliva,  as  well  as  the  eloquence,  of  a  begimier  in 
public  speaking,  and  the  (ear  which  sometimes  made  the  medieval 
ordeal  of  the  consecrated  bread  pick  out  the  guilty. 

In  rare  cases  the  reflex  nervous  mechanism  that  governs  the 
salivary  glands  appears  to  completely  break  down  ;  and  then 
two  opposite  conditions  may  be  seen — xerostomia^  or  '  dry 
mouth,'  in  which  no  saliva  at  all  is  secreted,  and  chronic  ptyalism, 
or  hydrostomia^  where,  in  the  absence  of  any  discoverable  cause, 
the  amount  of  secretion  is  permanently  increased.  Both  condi- 
tions are  more  common  in  women  than  in  men. 

The  Influence  of  Nerves  on  the  Gastric  Glands. — Like 
saliva,  gastric  juice  is  not  secreted  continuously,  except  in  animals 
such  as  the  rabbit,  whose  stomachs  are  never  empty.  The 
normal  and  most  efficient  stimulus  is  the  eating  of  food  and  its 
presence  in  the  stomach.  Faintly  alkahne  liquids,  such  as  saliva, 
excite  an  active  secretion,  but  it  is  only  early  in  digestion,  before 
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the  reaction  of  the  gastric  contents  has  become  distinctly  acid, 
that  swallowed  saliva  can  have  any  effect.  Mechanical  stimula- 
tion of  the  gastric  mucoiis  membrane  with  a  non-digcstibk*.  sub- 
stance, such  as  a  feather  or  a  glass  rod.  causes  secretion  of  mucus, 
but  not  of  gastric  juice.  But  the  observations  mentioned  above 
on  the  difference  of  response  of  the  sahvary  glands  to  different 
substances  suggest  that  the  local  mechanical  stimulation  of  the 
food  on  the  gastric  glands  may  be  more  effective.  Tliere  is 
also  at  first  thought  much  to  indicate  that  the  gastric  glands  are 
stimulated  chemically  in  a  more  direct  manner  than  the  salivary 
glands  by  the  local  action  of  food  substances  reaching  the  cells 
by  a  short-cut  from  the  cavity  of  the  stomach,  or  in  a  more 
roundabout 
way  by  the 
blood.  And  it 
might  l)e  very  Pjiorua 
plausibly  /i^wj  jU5tr., 
argued  that  ■"'"•'*•  "'i". 
the  gastric 
glands  are 
favourab ly 
situated  for 
direct  stimu- 
lation, while 
the  salivary 
glands  are 
not :  and  that 
the  great 
function  of 
saJival)eingto 
aid  degluti- 
tion, an  al- 
most momen- 
tary, and  at  the  same  time  a  (>erilous  act.  it  is  necessary 
to  provide  by  a  nervous  mechanism  for  an  immediate  rush  of 
secretion  at  any  instant,  while  it  is  not  im^wrtant  whether  the 
gastnc  juice  is  poured  out  a  little  sooner  or  a  little  later,  and 
therefore  it  is  left  to  be  called  forth  by  the  more  tardy  and 
hapliazard  method  of  local  action.  Neverthelc»ss,  on  looking  a 
little  closer,  we  find  that  this  does  not  exhaust  the  subject,  and 
tliai  the  gastric  secretion  can  be  mfiuenced  by  events  taking 
place  in  distant  parts  of  the  body,  just  as  the  salivary  secretion 
can.  In  a  boy  whose  lesophagus  was  completely  closed  by  a 
cicatrix,  the  result  of  swallowing  a  strong  alkali,  and  who  had 
to  be  fed  by  a  gastric  fistula,  it  was  found  that  the  presence  of 
food  in  the  mouth,  and  even  the  sight  or  smell  of  food,  caused 
secretion  of  gastnc  juice  (Richet), 


Flo.   124.— t*Awrnw's  Stouacr   Porcii. 

AH,  lini'ot  incisii~»ti  \  C,  flap  ttv  (ormiriR  thcstomarh  poucb. 
At  the  base  of  the  flap  the  serous  and  muscular  coats  are 
pmerved,  and  only  the  mucous  membraoe  divid<Kl,  so  that 
the  branches  of  the  vagus  going  to  the  pouch  are  uot  severed. 
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Here  there  must  have  l>een  some  nervous  mechanism  at  work. 
The  secretion  cannot  have  been  excited  by  the  direct  action  of 
absorbed  food-products  circulating  in  the  blood — an  explanation 
which  might  be  given,  though  an  insufficient  one,  of  the  secretion 
seen  in  an  isolated  portion  of  the  cardiac  end  of  the  stomach 
during  the  digestion  of  food  in  the  rest.  The  efferent  nervous 
channels  through  which  these  effects  are  produced  have  been 
defined  by  Pawlow's  experiments  on  dogs.  He  first  made 
a  gastric  fistula,  then  a  few  dajrs  afterwards  divided  the 
oesophagus  through  a  wound  in  the  neck,  and  stitched  the  two 

cut  ends  to 
the  edges  of 
the  wound. 
After  the 
animals  had 
recovered, 
it  was  ob- 
served that 
when  meat 
was  given  to 
them  by  the 
mouth,  a 
copious  se- 
cretion of 
gastric  juice 
followed  in 
five  or  six 
minutes, 
no  twit  h- 
standing  the 
fact  that  in 
this  '  sham 
feeding '  the 
food  imme- 
diately es- 
caped from 
the  o^wning  in  the  upper  portion  of  the  divided  oesophagus. 
Much  the  same  result  was  seen  when  the  food  was  simply 
shown  to  the  animal.  Indeed,  when  a  hungr\'  animal  is  tempted 
with  the  sight  of  meat  the  flow  of  gastric  juice,  always  occurring 
after  a  latent  period  of  five  or  six  minutes,  may  be  even  greater 
than  with  sham  feeding.  Division  of  the  splanchnic  nerves  had 
no  effect  on  this  reflex  secretion,  while  it  could  not  be  obtained. 
after  division  of  both  vagi  below^  the  origin  of  their  cardiac  and 
pulmonary'  branches,  by  which  disturbance  of  the  heart  and 
respiration  are  avoided.     Further,  stimulation  of  the  peripheral 


Fig.  125. — Pawlow's  Stomach  Pouch. 
S,  thr  completed  pouch  ;  X,  cavity  of  stomach. 
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end  of  the  vagus  in  Ihe  neck*  caused  secretion.     These  experi- 
ments show  that  secretory  fibres  for  the  gastric  glands  run  in  the 
vagi.     It  is  probable  that  the  vagi  also  contain  efferent  fibres 
which    inhibit    the   gastric   secretion.    The   excitation   of   the 
secretory'  fibres   is  not    produced  refic?dy  by  the   processes  of 
mastication  and  deglutilion  as  such.     Dilute  acid  is  the  most 
jx>werful  chemical   stimulus  for  the  buccal  mucous  membrane, 
and  when  it  is  introtluced  into  the  mouth  of  a  dog  with  a  double 
cesophagcal  and  gastric  fistula,  a  copious  secretion  of  saliva  at 
once  ensues.     But  no  matter  how  long  the  animal  continues  to 
swallow  the  mixture  of  saliva  and  acid,  no  gastric  juice  is  formed. 
The  same  is  the  case  in  sham  feeding  with  salt,  pepper,  mustard, 
smooth  stones,  and  even  extract  of  meat.     It  is  the  desire  for 
food — the  ai>j>etite,  as  we  call  it — and  the  feeling  of  satisfaction 
associated  with  eating  food  that  the  animal  relishes,  which  is 
the  efficient  cause  of  the  gastric  secretion  in  sham  feeding.     The 
more  eagerly  the  dog  eats,  the  greater  is  the  flow  of  gastric  juice. 
Pawlow  also  performed  the  converse  experiment.     In  dogs 
in    which  a  pouch   had   been    isolated   from   the  stomach  and 
made    to    open    to    the   exterior    by    the    surgical    proceedure 
illustrated  in  Figs.   124  and  125.  he  introducetl  into  the  large 
stomach,    without    the   animal's   knowledge,    food  of    various 
kinds.    This  is  l>cst  done  in  a  sleeping  dog.    The  secretion  of 
gastric  juice,  both  in  the  main  stomach  and  in  the  ]x)uch  or 
miniature  stomach,  which  is  known  in  a  great  variety  of  condi- 
tions to  present  an  exact  picture  of  the  process  of  secretion  in 
the  large,  is  markedly  delayed  and  scanty  when  it  does  appear. 
Bread  and  coagulated  egg-white  did  not   yield  a  single  drop 
during  the  first  hour  or  more.     Raw  tlesh  excited  a  secretion, 
but  after  an  interval  of  fifteen  to  forly-tive  minutes,  instead  of 
five  or  six  to  ten,  as  in  sham  feeding.     It  was  very  scanty  during 
the  first  hour  (only  one-third  the  normal  amount),  and  possessed 
a  very  low  digestive  fwtwrr.     The  importance  of  the  psychical 
element  is  shown  l)y  the  fact  that  in  one  dog,  which,  alter  a  weighed 
amount  of  meat  had  l>een  introduced  into  its  stomach  (without 
its  knowledge)  received  a  sham  meal  of  meat,  the  amount  of 
proteid  digested  after  one  and  a  half  hours  was  five  times  greater 
than  in  another  animal  treated  exactly  in  the  same  w.ay,  except 
that  the  sham  meal  was  omitted.     But  even  after  division  of 
the  vagi,  gastric  secretion  is  still  caused  by  the  introduction  of 
various  substances  into  the  stomach,  esj>ecially  water  and  meat 
extract.     The  active  sutwtances  in  the  meat  extract  are.  for  the 
most  part,  insoluble  in  alcohol.     Kreatin  is  inactive.     It  is  in 

•  The  nerve  was  not  stimulatetl  till  a  few  days  after  the  section,  so  as  to 
allow  the  car(lio-in)iit>itory  ril«rrs  to  <lf|y:enerate.  Othrrwise  tlic  heart 
vroulU  liavc  been  stopped  by  the  stimulation. 
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virtue  of  these  substances  that  raw  meat  placed  directly  in  the 
stomach  causes  some  secretion  after  a  time.  Milk  and  gelatin 
solution  are  also  direct  excitants  of  gastric  secretion  a])art  from 
the  water  in  them.  Starch,  fat.  and  egg-white  are  totally  inac- 
tive. After  section  of  both  vagi  in  dogs,  no  marked  qualita- 
tive or  quantitative  changes  have  been  observed  in  the  gastric 
juice.  We  must  therefore  suppose  that  the  gastric  glands,  while 
normally  under  the  control  of  a  nervous  mechanism  in  the  upper 
j>ortion  of  the  ccrchro-spinal  axis  whose  efferent  fibres  run  in  the 
vagi,  are  also  capable  of  being  locally  stimulated  through  the 
jwripheral  ganglia  in  the  stomach  walls  or  the  chemical  action 
of  the  ]iroducts  of  digestion  absorbed  into  the  blood. 

It  is  not  to  be  imagined  that  the  *  psychical  *  secretion  and  the 
secretion  called  forth  by  the  direct  action  of  the  food  or  food- 
products  in  the  stomach  perform  independent  offices.  They  can, 
in  various  instances,  be  shown  to  supplement  each  other.  For 
example,  not  more  than  one-half  or  one-third  of  the  gastric 
juice  secreted  during  the  digestion  of  bread  or  boiled  egg-albumin 
can  be  ascribed  to  the  ]>sychic  effect.  Yet  these  substances,  when 
introduced  directly  into  the  stomach,  cause  practically  no  secre- 
tion. We  must  suppose  that  during  the  digestion  of  the  bread 
and  albumin  by  the  psychically  secreted  juice  certain  products 
analogous  to  those  in  the  meat  extract  are  formed,  which  act  as 
chemical  excitants  of  the  local  secretory  apparatus.  The  j^sychic 
juice  is  indispensable  in  this  case  to  start  the  process,  '  to  set  the 
stove  ablaze,'  as  Pawlow  puts  it.  In  the  case  of  meat  it  is  not 
indispensable,  since  the  meat  can  chemically  excite  the  gastric 
glands  ;  but  it  greatly  hastens  the  process  of  digestion.  These 
facts  emphasize  the  imjwrtance  of  api>etite  in  digestion,  a  truism 
in  treatment  which  thus  receives  for  the  first  time  a  rational 
explanation. 

By  means  of  experiments  with  the  miniatiu-e  stomach  it  has 
been  further  shown  that  each  kind  of  food  has  its  own  charac- 
teristic curve  of  gastric  secretion.  '  With  flesh  diet  the  maximum 
rate  of  secretion  occurs  during  the  first  or  second  hour,  and  in 
both  the  quantity  of  juice  furnished  is  approximately  the  same. 
With  bread  diet  we  have  always  a  sharply-indicated  maximum 
in  tlie  first  hour,  and  with  milk  a  similar  one  during  the  second 
or  the  third  hour  (Fig.  1^6).  The  juice  secreted  on  different 
diets  also  differs  in  digestive  power — i.*^.,  in  the  amount  of  pro- 
teid  which  a  given  quantity  of  it  will  digest  in  a  given  time. 
'  Bread  juice  '  is  much  stronger  in  ferment  than  '  meat  juice,' 
and  '  meat  juice  '  somewhat  stronger  than  '  milk  juice  '  (Fig.  127), 
But  '  meat  juice  '  has  a  higher  acidity  than  '  bread  juice,*  *  milk 
juice  '  being  intermediate. 

The  young  mammal,  like  the  adult,  secretes  gastric  juice  before 
the  food  reaches  the  stomach.     In  puppies  from  one  to  eighteen 
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days  old  sham  feeding  (sucldng  the  teats  of  the  mother  after  an          ^| 

oesophageal  fistula  has  been  made  in  the  younger  animals  and  a          ^| 

double  oesophageal   and  gastric  fistula  in  the  older)   causes  a          ^| 

liquid  with  the  properties  of  gastric  juice  to  gather  in  the  stomach.          ^| 

.          ThLs  i)ower,  then,  is  a  congenital  one.     The  individual  does  not          ^| 

%         gain     it     by                                                                                                    ^H 
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tory   fibres 

through  the  vagus.     These  are  probably  connected  with  a  reflex 
centre  in  the  medulla  oblongata.     It  has  long  been  known  that 
when  the  medulla  is  stimulated   a  flow  of   pancreatic  juice  is 
occasionally  set  up,  or  is  increased  if  already  going  on.     The 
same   is   true  when   the    vagus   is  stimxilated  in  the   ordinary 
way  in  the                               *         1                              , 
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may  mler- 

fere  with  the   blood-flow  through   the   gland   by  exciting   its 
\'aso  -  constrictor   fibres  or   causing    inhibition   of    the    heart. 
These  disturbuig   influences  may  be  avoided,  as  Pawlow   has 
shown,   by   stimulating  the   vagus,   three  or  (oxir  da.^  ^\.Veix 
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dividing  it,  with  slowly-recurring  stimuli  (induction  shocks  or 
hght  blows  from  a  small  hammer  worked  by  an  electro-magnet 
at  the  rate  of  about  one  in  the  second).  The  secretory  fibres  are 
still  susceptible  of  excitation,  while  the  cardio-inhibitory  fibres, 
which  degenerate  more  rapidly,  are  almost  or  altogether  inex- 
cilabk%  and  the  vaso-constrictors  are  but  little  affected  by  these 
slow  rhythmical  stimuli,  which  excite  the  secretory  nerves 
(p.  141).  A  pancreatic  fistula  has  previously  been  established 
by  excising  a  small  portion  of  the  duodenal  wall  containing  the 

opening  of  the 
pancreatic  duct, 
closing  the  intes- 
tine by  sutures, 
and  stitching  the 
orilice  of  the  duct 
into  the  abdo- 
minal wound.  On 
sliniulation  of  the 
vag;is  the  juice 
will  begin  in  two 
to  three  minutes 
to  drop  Jrom  a 
cannula  in  the 
duct,  anil  will  con- 
tinue to  flow  for 
several  minutes 
after  cessation  o( 
the  stimulus.  The 
sympathetic  also 
con  tains  secretory 
fibres  for  the  pan- 
creas. Efferent 
fibres  which  in- 
hibit the  secretion 
have  also  been 
discovered  in  the 
vagus.  Their  i>resence  may  be  most  clearly  demonstrated 
when  that  nerve  is  stimulated  during  the  flow  of  i>ancreatic 
juice  excited  by  the  introduction  of  dilute  acid  into  the  duo- 
denum. Stimulation  of  the  central  end  of  the  vagus  and  of 
the  other  nerves  is  capable  of  reflexly  inhibiting  the  pancreatic 
secretion.  Painful  impressions  have  a  strong  inhibitory  influ- 
ence. This  IS  one  of  the  reasons  why  many  observers  failed  to 
detect  the  secretory  nerves.  The  inhibition  caused  by  vomit- 
ing is  probably  due  to  impulses  ascending  the  vagus.  It  is 
extremely  likely  that  through  these  nervous  channels  the  pan- 


Fui.   liH. — Sechetion  of   Petsin. 

C  show's  Ihe  quantity  til  pepstn'ogen)  in  the  mucuua 
membrane  of  the  cardiac  end  of  the  stomach  at  different 
limes  during  digestion  ;  P.  the  quantity  of  pepsinlogen}  in 
the  mucous  mciubrarie  of  the  pyloric  end  :  S,  the  quantity 
of  pepsin  in  the  secreiion  of  the  (ardiar  glands.  The 
numbers  rn.'uked  along  the  hori»>ntal  axi«t  arc  hours  since 
the  last  meal.  About  five  hours  after  the  meal,  S  reaches 
its  maximum.  From  the  very  beginning  of  the  meal  C  falls 
steadily  down  to  the  tenth  hour,  and  then  begins  tn  rise 
— t.e..  the  gland-cells  of  the  cardiac  eud  of  the  stouiacb 
become  poorer  in  pepsinlogen)  as  secretion  proceeds. 
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creadc  secretion  is  affected  by  the  i3«ychical  conditions  con- 
nected with  eating  and  the  desire  for  food,  just  as  in  the  case 
of  the  gastric  secretion  ;  but  our  information  on  this  subject  is 
scantier  and  less  precise. 

Secretin. — If  a  local  nervous  mechanism  exists  tor  the  pancreas, 
it  is  of  much  less  importance  than  that  of  the  stomach.     We  have 
already  referred  to  the  fact  thai  pancreatic  secretion  is  excited 
by  the  presence  of  acid  in  the  duodenum.     The  mechanism  of 
this  action  is  of  great  interest.     Two  or  three  minutes  after  the 
introduction  of  0-4  per  cent,  hydrochloric  acid  into  the  duodenum 
pancreatic  juice  begins  to  flow.     A  similar  effect  is  seen  when 
the  acid  is  placed  in  the  jejunum,  but  not  when  it  is  injected 
into  the  lower  part  of  the  ileum.     It  is  obtained  as  strongly  and 
as  promptly   from  an   isolated  loop  of  intestine  when  all   the 
nerves  passing  to  it  have  l^een  cut,  and  the  solar  plexus  extir- 
pated,  and   also   after    the    administration    of    atropia,    which 
paralyzes  the  endings  of  secretory  nerves  elsewhere.     The  secre- 
tion accordingly  does  not  dci)end  ujion  a  local  reflex  mechanism 
with  its  afferent  endings  in  the  intestinal  mucous  menilirane, 
but  upon  some  substance  which  is  carried  to  the  pancreas  by 
the  blood,  and  acts  directly  upon  its  cells.     Tliis  substance  is 
not  the  acid,  for  the  injection  of  0*4  per  cent,  hydrochloric  acid 
into  the  blood  protluces  no  effect  u{>on  the  jiancreas.     It  has  been 
shown  by  Bayhss  and  Starling  that  the  exciting  substance  is  a 
body  of  low  molecular  weight,  probably  of  organic  nature,  but 
not  a  proteid,  which  they  call  secretin.    This  is  produced  in  the 
mucous  membrane  of  the  jejunum  or  duodenum  on  exfxisure  to 
dilute  hydrochloric  acid.     Extracts  of  mucous  membrane  so 
treated  cause  a  copious   pancreatic  secretion,   and   a  smaller 
secretion   of  bile,   when   injected  in   small   quantities   into   the 
blood  of  animals  in  which  no  such  secretion  is  taking  place, 
hut  have  no  influence  on  any  other  gland.     At  the  same  time 
the    arterial    blood-pressure    falls    somewhat.    The    substance 
which    produces    the    fall    of   blood-pressure    is   different    from 
cretin,  since   acid  extracts  of   the   lower    end  of   the  ileum, 
which  have  no  effect  on  the  flow  of  pancreatic  juice,  diminish 
the   blood-jjrirssure.     A   precursor  of   secretin,   called  prosecre- 
tin, exists  in    the   intestinal  mucous   membrane,  and   can    be 
extracted  from  it  by  physiological  salt  solution.     It  does  not 
affect  the  pancreatic  secretion.     By  boiling  or  by  the  action  of 
acid  secretm  is  split  off  from  it.     Pro-secretin  is  most  abundant 
in  the  duodenum,  and  diminishes  as  we  pass  down  the  intestine. 
Secretin  is  very  widespread  in  the  animal  kingdom.     In  the 
onkey.  dog,  cat,  rabbit,  man,  ox,  sheep,  pig,  squirrel,  goose, 
rtoise,  salmon,  dog-fish,  and  skate  evidence  of  its   presence 
been  obtained.     The  secretin  of  one  animal  will  excite  a 
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flow  of  pancreatic  juice  in  an  animal  of  a  different  kind  as  we 
as  in  oni:  of  the  same  kind.  In  normal  digestion  secretin  is 
formed  under  the  influence  of  the  acid  chyme,  not  in  the  stomach, 
but  after  it  hcts  passed  into  the  duodenum.  The  passage  of  the 
chyme  through  the  pylorus,  as  previously  mentioned  (p.  271), 
is  regulated  by  the  reaction  of  the  duodenal  contents,  as  well  as 
by  the  consistence  of  the  gastric  contents.  So  long  as  the  liquid 
in  the  duodenum  is  acid,  the  pylorus  remains  closed.  As  soon 
as  the  first  small  portion  of  acid  chyme  ejected  from  the  stomach 
has  been  neutralized  by  the  increased  secretion  of  the  pancreatic 
juice  and  the  outpouring  of  bile  from  the  gall-bladder  in  response 
to  the  stimulus  ol  the  acid,  the  pylorus  opens  again. 

According  to  Pawlow,  certain  food  substances,  notably  fat,  and 
water  stimulate  the  pancreatic  secretion,  and  \\'ith  great  promiH- 

ness,  even  before  any  acid  has 
been  produced  in  the  stomach, 
and  therefore  before  any  can 
have  passed  into  the  duodenum. 
Possibly  this  effect  is  produced 
through  the  long  refiex  paths 
already  described  as  run- 
ning in  the  vagi  or  through  a 
local  nervous  mechanism,  which, 
although  it  does  not  take  part 
in  the  excitation  of  the  pan- 
creatic secretion  by  acid,  may 
yet  exist  for  the  performance  of 
other  offices. 

The  pancreatic,  like  the  gastric 
juice,  varies  as  regards  its  diges- 
tive properties  with  the  nature 
of  the  food.  On  a  diet  of  bread  the  juice  is  very  poor  in 
fat-splitting  ferment,  while  on  a  diet  of  flesh  it  is  richer,  and 
on  a  diet  of  milk  richest  of  all.  With  bread  the  juice  is 
relatively  rich  in  amylolytic  ferment.  When  we  take  the 
quantity  of  the  juice  as  well  as  its  strength  in  ferments  into 
consideration,  we  find  that  bread  occasions  the  secretion  of 
a  juice  with  a  greater  quantity  of  proteolytic  ferment  than 
either  milk  or  meat,  although  it  is  relatively  dilute  (Fig.  ijo). 
The  vegetable  proteids  require  more  ferment  to  digest  them 
than  proteids  of  animal  origin.  The  adaptation  of  the  pancreatic 
juice  to  the  nature  of  the  food  is  further  illustrated  by  the  fa< 
that  in  dogs  fed  for  some  days  with  food  contaijiing  lactose  (mi 
a  ferment,  laciast\  which  has  the  projierty  of  inverting  lact 
(footnote,  p.  290),  is  present  in  that  secretion,  while  the  pancreatic 
juice  of  dogs  whose  food  is  free  from  lactose  does  not  contain 
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Fir..    129. — Rate   op   Secretion   of 

PANCREAXrc    JUICP. 

S  shows  the  variation  hi  the  rate  of 
secretion  of  the  pancreatic  jiiicc  in  a 
dog;  P.  the  variation  in  the  per- 
centage of  solids  in  the  juice.  It  will 
be  seen  that  the  maxima  of  S  fall 
at  the  same  time  as  the  maxima  of 
P.  The  numbers  along  the  horizontnl 
axis  are  hours  since  the  last  meal. 
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lactase.  There  is  no  evidence  that  secretin  takes  any  share  in  this 
adaptation.  WTicther  the  secretin  is  obtained  from  a  dog  fed 
on  milk  or  from  a  dop  fed  on  biscuit,  it  causes  tlie  secretion  of 
juice  free  from  lactase,  unless  the  animal  into  which  it  is  injected 
has  been  previously  fed  on  lactose-containing  food.  The  adapta- 
tion of  the  pancreas  to  lactose  is  probably  achieved  through 
some  substance  produced  by  the  action  of  that  sugar  on  the 
intestinal  mucous  membrane  which  plays  the  part  of  a  specific 
chemical  stim- 
ulus   to   the  I  II  uiivT  I  nmiT  TTirnTini  iimiv  t  7i 

pancreatic  cells 
or  their  secre- 
tory nervous 
mechan  ism, 
causmg  them 
to  form  lactase 
(Bainbridge). 

The  natural 
secretion  of 
pancreatic  juice 
is  by  no  means 
so  intermittent 
asthat  of  saliva. 
In  the  rabbit 
the  pancreatic, 
like  the  gastric 
juice,  flows  con- 
tinuously. I  n 
thedogitbegins 
almost  as  soon 
as  food  is  taken, 
rises  in  two  or 
three  hours  to 
a  maximum, 
then  falls  till 
the  fifth  or  sixth 
hour,  after 
which  it  may 
mount       again 

somewhat,  and  then,  gradually  diminishing,  ultimately  stops 
(Fig.  130).  During  normal  activity  the  bloodvessels  of  the 
gland  are  dilated.  But  under  experimental  conditions  the  in- 
creased secretion  caused  by  secretin  is  accompanied  sometimes 
by  an  increase  and  sometimes  by  a  diminution  in  the  blood-flow, 
and  secretion  may  continue  for  some  time  after  complete  cessa- 
tion of  tlie  circulation,  while  the  increased  consumption  of  oxygen 
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which  goes  hand  in  hand  with  the  increased  secretion  is  also 
independent  of  the  hlood-supply  (May,  Barcroft  and  Starling). 
This  shows  huw  far  tht;  secretory  process  is  from  a  mere  mechanic^ 
filtration,  although  it  does  not  follow  that,  under  normal  condi- 
tions, a  decreased  blood-flow  ever  docs  accompany  an  increased 
secretion.  Tliere  is  one  difference  hetween  the  normal  secretion 
of  pancreatic  juice  and  of  saliva  which  may  still  be  mentioned  : 
the  pressure  of  the  latter  in  the  submaxillary  duct  may,  as  we 
have  seen,  greatly  exceed  the  arterial  blood- pressure,  without 
reabsorption  and  consequent  oedema  of  the  gland  occurring  ; 
but  the  secretory  pressure  of  the  pancreatic  cells  is  very  low, 
not  more  than  a  tenth  of  that  of  the  salivary  glands.  (Edema 
begins  before  a  manometer  in  the  duct  shows  a  pressure  of  20  mm. 
of  mercury. 

The  mutual  relations  of  the  spleen  and  pancreas  have 
formed  the  subject  of  numerous  inquiries.  Some  authors 
maintain  that  the  spleen  plays  an  important  role  in  the  elabora- 
tion of  the  proteolytic  ferment  of  the  pancreas,  forming  a  sub- 
stance which  we  may  call  pro-trypsinogen,  which  is  carried  to 
the  pancreatic  cells  in  the  blood,  and  changed  by  them  into 
trypsinogen  (Herzen).  There  is  some  evidence  that  extracts  of 
the  spleen  prepared  from  it  when  congested  during  digestion 
exert  a.  favonrable  influence  on  the  proteolytic  power  of  the 
pancreas  (Mendel).  And  there  is  no  doubt  that  the  spleen,  like 
other  organs,  contains  an  intracellular  enzyme  which  can  aid 
in  the  digestion  of  proteid.  The  products  of  the  action  in  an 
acid  medium  of  this  enzyme  are  tlie  same  as  those  formed  by 
try])sin  in  an  alkaline  medium  (Leathes).  But  this  is  not 
enough  to  prove  that  the  spleen  has  any  special  relation  to  pan- 
creatic digestion. 

The  Influence  of  Nerves  on  the  Secretion  of  Bile. — 
Although  bile  is  secreted  constantly,  it  only  passes  at  intervals 
into  the  intestine.  For  the  liver  in  many  animals,  unlike  every 
other  gland  except  the  kidney,  has  in  connection  with  it  a 
reservoir,  the  gall-bladder,  in  which  its  secretion  accumulates, 
and  from  which  it  is  only  expelled  occasionally.  We  have 
therefore  to  distinguish  the  bile-secreting  from  the  bile-exi>elling 
mechanism.  To  study  the  rate  of  secretion  of  bile  (Fig.  131)  a 
fistula  of  the  gall-bladder  can  be  established.  But  to  learn  the 
function  of  bile  in  digestion  it  is  more  important  to  know  when 
and  at  what  rate  it  enters  the  intestine.  For  this  purpose  a  fistula 
is  made  by  cutting  the  natural  orifice  of  the  common  bile- 
duct  with  a  piece  of  the  surrounding  mucous  membrane  out  of 
the  intestine  and  transplanting  it  upon  the  serous  coat,  where 
it  is  sutured.  The  loop  of  intestine,  with  the  orifice  of  the 
duct   facing   outwards,    is   then   stitched   into    the   abdominal 
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wound,  where  it  is  allowed  to  heal.  Of  course,  since  a  circiola- 
tion  of  the  bile-acids  takes  place — t.e,,  an  absorption  from  and 
re-excretion  into  the  intestine — the  formation  of  that  juice  can- 
not proceed  u[xin  ahsohitely  normal  lines  when  the  biJe  no  longer 
enters  the  duodenum.  The  only  condition  under  which  fistula 
bile  could  have  the  same  composition  as  normal  bile  would  be 
Uiat  in  which  as  great  an  amount  of  hilc-acids  is  introduced  into 
the  gut  as  escapes  throuj^h  the  fistula.  A  circulation  of  a  smaller 
proportion  of  the  bile-pigments  is  also  probable,  but  there  is  no 
circulation  of  the  biliary  cholesterin  (Stadelmann). 

OI  the  direct  inliucuccof  nerves,  cither  on  tlie  secretion  of  bile  or 
on  its  expulsion,  we  have  scarcely  any  knowledge,  scarcely  even  any 
gness  which  is  worth  mentioning  here.  It  is  true  the  secretion  of 
bile  may  be  distinctly  affected  by  the 
section  and  stimulation  of  nerves  which 
control  theblood-supplyof  the  stomach, 
intestines,  and  spleen,  for  the  quantity 
of  blood  passing  by  the  portal  vein 
to  the  liver  depends  upon  the  quantity 
passing;  through  these  organs,  and  the 
rate  of  secretion  is  diminished  when 
the  blood -supply  is  greatly  fcsscned. 
In  this  way  stimulation  of  the  medulla 
oblongata,  the  spinal  cord,  and  tht- 
splanchnic  nerves  stops  or  slows  the 
secretion  of  bile  by  constricting  the 
abdominal  vessels  :  and  the  same  effect 
can  be  rcflcxly  produced  by  the  excita- 
tion of  afferent  nerves. 

The  muscular  fibres  of  the  gall- 
bladder and  the  larger  bile-ducts 
are  thrown  into  contraction  by 
stimulation  of  the  spinal  cord. 
Probably  this  takes  place  naturally 
in  response  to  reflex  impulses  from 
the  muco\«  membrane  of  the  duo- 
denum, for  the  application  of  dilute 
acid  to  the  mouth  of  the  bile-duct 
causes  a  sudden  Aow  of  bile,  and 
the  acid  contents  of  the  stomach, 
when  projected  through  the  pylorus 

into  the  intestine,  have  a  similar  effect.  But  in  addition,  as  we 
have  seen,  the  secretin  formed  will  catise  some  increase  in  the 
rate  of  secretion  of  the  bile. 

Wlien  food  passes  into  the  stomach,  there  is  at  once  a  shaqj 
rise  in  the  rate  of  secretion  of  bile.  A  maximum  is  reached 
from  the  fourth  to  the  eighth  hour — that  is,  while  the  food  is 
in  the  intestine.   There  is  then  a  fall,  succeeded  by  a  second 
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Fio.   iji. — Ratb  or  Secrktion 
or  Bilk. 

S  shows  how  the  rate  of  secre- 
tion of  bile  falls  iu  a  dog  whrn  a 
biliary  fistula  is  &nt  made,  and 
the  bile  thus  prevented  from 
entering;  the  intestine  ;  P  shows 
the  fall  in  the  precentagc  of 
solids.  The  numbers  along  the 
horizontal  axis  are  quarters  of 
:in  hour  since  bile  began  to  escape 
through  the  fistula.  The  num* 
hers  aloDg  the  vertical  axis  refer 
only  to  curve  S.  and  represent 
the  rate  of  tecretion  in  arbitrary 
units. 
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smaller  rise  about  the  fifteenth  or  sixteenth  hour,  from  which 
the  secretion  gradually  declines  to  its  minimum.  Upon  the  whole. 
the  curves  of  secretion  of  pancreatic  juice  and  bile  show  a  fairly 
close  corresjiondence.  except  that  the  latter  is  more  nearly  con- 
tinuous. But  when  wo  compare  the  curves  representing  the  rate 
at  which  the  bile  actually  enters  the  intestine  with  the  curve  of 
pancreatic  secretion  (Fig.  132),  we  are  struck  by  their  almost 
absolute  parallelism.  This  lends  additional  support  to  the  con- 
clusion deduced  from  then*  chemical  and  physical  properties, 
that  in  digestion  they  are  partners  in  a  common  work. 

While  the  rate  at  which  bile  passes  into  the  intestine  seems  to 
he  influenced  by  digestion  much  in  the  same  way  as  the  rate 
of  pancreatic  secretion,  the  details  are  as  yet  less  exactly  known. 

In  the  fasting 
animal  no  bile 
enters  the  gut. 
When  food  is 
taken  the  flow 
begins  after  a 
definite  inter\'al. 
which  varies  for 
the  different  kinds 
of  food.  As  long 
as  digestion  lasts 
bile  continues  to 
escape,  but  both 
the  quantity  and 
quality  depend 
upon  the  nature  of 
the  food.  Water, 
raw  egg-white, 
and  starch  paste, 
whether  given  by 
the  mouth  or  in- 
t  roduced  directly 
into  the  stomach 
of  a  dog,  cause  no  flow  of  bile.  But  fat,  the  extractives  of  meat, 
and  the  products  of  digestion  of  egg-white  produce  a  copious 
discharge-  (Jn  a  diet  rich  in  fat  the  bile  formed  was  found  to 
aid  the  fat-splitting  action  of  the  pancreatic  juice  more  power- 
fully than  if  the  diet  were  poor  in  fat.  We  do  not  know  at 
all  exactly  the  mechanism  by  which  the  rate  of  secretion  and 
expulsion  of  bile  and  the  properties  of  that  juice  are  influenced 
by  digestion.  It  has  been  conjectured  that  the  first  abrupt  rise 
may  !>c  started  by  reflex  nervous  action,  and  that  later  on 
absorbed  food  products  may  directly  excite  the  hepatic  cells. 


Fig.   132. — Pancrsatic  Jujck  ano  Bile  (PawlowJ. 

The  upper  curves  represent  the  hourly  rate  of  paii- 
creatic  secretion,  and  the  lower  the  rate  at  which  the 
bile  enters  the  intestine  ;  a.  a',  milk  diet  ;  b,  b',  meat  : 
c,  c',  bread.  Only  the  general  form  of  the  curves  is  to 
be  compared.  The  scale  of  the  ordioates  of  the  various 
curves  was  not  the  same. 
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Rutherford  found  that  when  the  mucous  membrane  of  the 
stomach  and  duodenum  is  irritated  by  a  substance  like  gamboge, 
there  is  no  increase  in  the  rate  of  secretion  of  the  bile,  notwith- 
standing the  grratly  increased  flow  of  bIoo<l  througli  the  intes- 
tinal vessels  which  the  irritation  causes.  This  tells  in  favour  of 
the  direct  influence  of  substances  derived  from  the  food  rather 
than  of  any  imf>ortant  reflex  action. 

The  pressure  under  which  the  bile  is  secreted  is  higher 
than  the  pressure  of  the  portal  blotxl,  and  tlierefore  the  liver 
ranges  itself  with  the  liigh- pressure  salivary  glands  rather  thiin 
wth  the  low-presstifL'  pancreas.  But  ;ilthout{h  the  biliary 
pressure  is  high  relatively  to  that  of  the  blood  with  which  the 
secreting  cells  art:  supplied,  it  is  absoluttily  very  low,  the 
maximum  being  no  more  than  15  mm.  of  mercury  ;  and  this  is 
a  point  of  practical  importance,  for  a  comparatively  slight 
obstruction  to  the  outflow,  even  such  as  is  offered  by  a  congested 
or  inflametl  condition  of  the  duodenal  wall  about  the  mouth  of 
the  duct,  may  be  sufficient  to  cause  reabsorplion  of  the  bile 
through  the  lymphatics,  and  consequent  jaundice.  Of  course, 
complete  plugging  of  the  duct  by  a  biliary  calculus  is  a  much 
more  formidable  barrier,  and  inevitably  leads  to  jaundice,  just 
as  ligature  of  a  salivary  duct,  in  spite  of  the  great  secretory 
pressure,  inevitably  causes  oedema  of  the  gland. 

The  Influence  of  Nerves  on  the  Secretion  of  Intestinal 
Juice. — As  to  the  influence  of  nerves  on  the  secretion  of  the 
succus  entericus,  our  knowledge  is  almost  limited  to  a  single 
experiment,  and  that  an  inconclusive  one,  Moreau  placed  four 
ligatures  on  a  portion  of  the  small  intestine,  so  as  to  form  three 
compartments  separated  from  each  other  and  from  the  rest  of 
the  gut.  The  mesenteric  nerves  going  to  the  middle  loop  were 
divided,  and  the  intestine  returned  to  the  abdomen.  After  some 
time  a  watery  secretion  was  found  in  the  middle  compartment, 
little  or  none  in  the  others.  This  is  a  true  '  paralytic  '  secretion, 
and  not  a  mere  transudation  depending  simply  on  the  vascular 
dilatation  caused  by  section  of  the  vaso-constrictor  nerves,  for 
it  has  the  same  composition  and  digestive  action  as  normal 
succus  entericus  obtained  from  a  fistula. 

Tlie  same  adaptation  is  seen  in  the  secretion  of  the  succus 
entericus  as  in  the  secretion  of  the  other  digestive  juices,  and  the 
adaptation  is  naturally  most  striking  in  regard  to  those  points 
in  which  the  intestinal  juice  is  peculiar.  While  mechanical 
stimulation  of  the  stomach  is  ineffective  as  regards  the  secretion 
of  gastric  juice,  mechanical  stimulation  of  the  intestine,  as  by  the 
contact  of  a  cannula,  prothices  a  free  flow  of  succus  entericus. 
Tl»e  reaction  is  a  localized  one,  the  secretion  only  taking  place 
from  the  portion  of  the  mucous  membrane  stimulated.     This  (act 
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acquires  significance  wh^n  we  reflect  that  the  food  moves  very 
slowly  in  the  intestine,  and  a  secretion  could  be  of  use  only  at 
the  points  where  the  food  happened  to  be.  The  juice  secreted 
in  response  to  mechanical  stimulation  is  poor  in  entcrokinase. 
But  if  a  little  pancreatic  juice  be  put  into  the  intestine,  and  left 
there  for  some  time,  the  juice  afterwards  secreted  is  rich  in 
enterokinase. 

Effect  of  Drugs  on  the  Digestive  Secretions, — A  small  dose  of 
atropia,  as  has  been  said,  abolishes  the  secretory  action  of  the  chorda 
tympani.  This  it  does  by  paralyzing  the  ncrvc-cndings.  The  gland- 
cells  arc  not  paralyzed,  for  the  sympathetic  can  still  cause  secretion. 
The  nerve-fibres  are  not  paralyzed,  oecause  the  direct  application  of 
atropia  does  not  affect  them  :  nor  is  the  seat  of  the  panilysis  the 
ganglion -eel  Is  on  the  course  of  the  fibres,  for  stimulation  between 
those  cells  and  the  gland-cells  is  ineffective.  [Pilocarpine  is  the 
physiological  antagonist  of  atropia,  and  restores  the  secretion  which 
atropia  has  abolished.  In  small  doses  it  causes  a  rapid  flow  of 
saliva,  its  action  being  certainly  a  peripheral  action,  and  probably 
an  action  on  the  nerve-endings,  for  it  persists  after  all  the  nerves 
going  to  the  salivary-  glands  have  been  divided,  and  after  the  ganglion 
cells  have  been  paralyzed  by  nicotine.  Atropia  and  pilocarpine  act 
similarly  on  some  of  the  other  digestive  glands,  atropia  paralyzing 
the  pancreatic  secretion,  elicited  by  stimulation  of  the  vagus, 
although  not  that  obtained  by  the  introduction  of  acid  into  the 
intestine  ;  and  pilocarpine  increasing  the  secretion  of  gastric,  and 
probably  of  intestinal  juice.  But  atropia  does  not  stop  the  secretion 
caused  by  division  of  the  intestinal  nerves.  Physostigmine  and 
muscarine  act  on  the  whole  like  pilocarpine. 

The  action  of  alcohol  nn  the  secretion  of  gastric  juice  has  been 
studied  in  a  dog  with  a  double  gastric  and  crsophageal  fistula. 
Before  or  during  a  sham  meal  of  meat,  alcohol  diluted  with  water 
was  given  as  an  enema.  After  the  enema  the  quantity  of  hydro- 
chloric acid  secreted  increased  in  about  the  same  proportion  as  the 
quantity  of  juice,  but  the  pepsin  was  diminished,  reaching  a 
minimum  after  three-quarters  to  one  and  a  quarter  hours.  The 
increase  in  the  total  quantity  of  the  juice  and  in  the  acid  over-com- 
pensated the  moderate  diminution  in  the  digestive  j>ower,  so  that 
the  net  result  was  beneficial  (Pekelharing).  But  It  must  be  remem- 
bered that  strong  alcoholic  beverages,  when  mixed  with  the  gastric 
juice,  and  therefore  when  taken  by  the  mouth,  retard  the  proteolytic 
action,  so  that  any  favourable  effect  on  the  secretion  of  the  juice  may 
easily  be  lost  in  the  subsequent  digestion,  unless  the  alcohol  is  dilute 
(Chittenden  and  Mendel).  The  action  of  alchol  introduced  into  the 
rectum  on  the  gastric  secretion  is  both  reflex  and  direct. 

Cholagog^es. — The  action  of  a  host  of  drugs  on  the  secretion  of  bile 
has  been  investigated  by  various  observers,  but  till  something  Ukc 
unanimity  has  been  reached  it  would  not  be  profitable  to  go  into 
details  here.  The  only  real  cholagogues  at  present  i>ositiveIy  known 
appear  to  be  the  salts  of  the  bile-acids,  which,  given  by  themselves 
or  in  the  bile,  cause  not  only  an  increase  in  the  volume  of  the  biliary 
secretion,  but  also  an  increase  in  its  solids.  Certain  compounos  of 
salicyUc  acid,  as  salol  (phenyl  salicylate)  and  sodium  salicylate,  also 
appear  to  slightly  increase  the  flow,  while  usually  diminishing  the 
concentration  of  the  bile.     The  injection  of  luemoglobin  into  the 
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btood-stream,  or  iU  liberation  there  by  substances,  such  as  toluylene- 
diamin  and  arseniuretted  hydrogen,  which  cause  solution  of  the 
corpuscles,  leads  to  an  increased  secretion  of  bile-pigment  as  well  as 
a  more  rapid  flow  of  bile. 

Summary. — Here  let  us  sum  up  the  most  important  jK>ints 
relating  to  the  secretion  of  the  digestive  juices.  They  are  all 
formed  by  the  activity  of  gland-cells  originally  derived  from  ths 
epithelial  lining  of  the  alimentary  canal.  The  organic  constituents 
or  their  precursors  iincludinf^  the  mother-substances  of  the  ferments) 
are  prepared  in  the  intervals  of  rest — absolute  in  some  glands, 
relative  in  others — and  stored  up  in  the  form  of  granules^  which 
during  activity  are  moved  towards  the  lumen  of  the  gland  tttbiUes, 
and  there  discharged. 

The  nerves  of  the  salivary  glands  are,  as  regards  their  origin, 
(a)  cerebral^  (b)  sympathetic  :  the  former  group  is  vaso-dilator,  the 
latter  vaso- constrictor ;  both  are  secretory.  Secretion  of  saliva 
depends  strictly  on  the  nenrous  systetn.  That  nerves  influence  the 
gastric  and  pancreatic  secretions  is  also  made  out.  The  psychical 
secretion  is  of  great  importance  for  all  three  juices.  The  direct  action 
of  secretin  {produced  in  the  intestinal  mucous  membrane  by  the 
influence  of  the  chyme)  is  the  most  characteristic  factor  in  pancreatic 
secretion.  As  regards  the  intestinal  glands  and  the  Hvcr^  it  has  not 
been  proved  that  their  secretive  activity  is  under  the  control  of  the 
nervous  system^  except  in  so  far  as  the  latter  m<iy  indirectly  govern 
U  through  the  blood-supply,  although  various  circumstances  suggeU] 
the  probability  of  a  more  direct  action.  All  the  digestive  juices 
show  a  remarkable  adaptation  to  the  nature  of  the  food.  The  action 
of  one  juice  on  the  secretion  of  another  is  also  of  great  significance. 
Thus,  the  water  of  the  saliva  directly  excites  a  flow  of  gastric  juice 
when  it  reaches  the  stomach  :  tlie  acid  of  the  gastric  juice  excites  a 
flow  of  pancreatic  juice  when  it  reaches  the  diiodenum  :  and  the 
pancreatic  juice  excites  the  intestinal  mucous  membrane  to  the  pro- 
duction of  enterokinase,  the  most  characteristic  constituent  of  the 
succus  entericus.  In  all  the  glands  the  blood-flow  is  increased 
during  activity  :  in  some  {salivary  glands)  this  is  knoTtm  to  be 
caused  through  vaso-tnotor  nerves.  In  the  salivary  glands  electro- 
motive changes  accompany  the  active  state^  and  more  heat  is  pro- 
duced. Both  in  the  salivary  glands  and  the  pancreas  it  has  been 
skovn  thai  more  carbon  dioxide  is  given  off,  and  more  oxygen  used 
upr  during  secretion  than  during  rest.  In  the  other  glands  we  may 
assume  that  the  satne  occurs. 


IV.  Digestion  as  a  Whole. 

Having  discussed  in  detail  the  separate  action  of  the  digestive 
secretions,  it  is  now  time  to  consider  the  act  of  digestion  as  a 
whole,  the  various  stages  in  which  are  co-ordinated  for  a  common 
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end.  The  solid  food  is  more  or  less  broken  up  in  the  mouth 
and  mixed  with  the  saliva,  which  its  presence  causes  to  be 
secretetl  in  considerable  quantity.  Liquids  and  perhaps  small 
solid  morsels  are  shot  down  the  open  gullet  without  contraction 
of  the  constrictors  of  the  pharynx,  and  reach  the  lower  portion 
of  the  cesophagus  in  a  comparatively  short  time  (^  second) ; 
while  a  good-sized  bolus  is  grasped  by  the  constrictors,  then  by 
the  oeso])hageal  walls,  and  passed  along  by  a  more  deliberate 
peristaltic  contraction. 

Chemical  digestion  in  man  begins  already  in  the  mouth,  a 
jiart  of  the  starch  being  there  converted  into  dextrins  and  sugar 
(maltose),  as  has  been  shown  by  examining  a  mass  of  food  con- 
taining starch  just  as  it  is  ready  for  swallowing  (p.  372).  This 
process  is  no  doubt  continued  during  the  passage  of  the  food 
along  the  oesophagus. 

The  first  morsels  of  a  meal  which  reach  the  stomach  find  it 
free  from  gastric  juice,  or  nearly  so.  They  are  alkaUne  from 
the  admixture  of  saliva  ;  and  the  juice  which  is  now  beginning 
to  be  secreted,  in  response  to  the  psychical  excitement,  and 
reflexly  through  the  presence  of  the  food  and  the  water  of  the 
saliva  in  the  stomach,  is  for  a  time  neutralized,  and  amylolytic 
digestion  still  permitted  to  go  on.  For  20  to  40  minutes  after 
digestion  has  begun  there  is  no  free  hydrochloric  acid  in  the 
stomach,  although  some  is  combined  with  proteids,  and  during 
this  period  the  ptyalin  of  the  swallowed  saUva  will  be  able  to 
act  even  better  than  in  the  mouth,  being  favoured  by  the  weakly 
acid  reaction  due  to  the  lactic  acid  (and  the  traces  of  butjiic 
and  acetic  acids)  produced  during  the  hrst  part  of  the  digestive 
f>eriod  by  the  action  of  the  Bacillus  acidi  laciici  on  the  carbo- 
iiydrates  of  the  food.  Indeed,  for  a  time,  as  the  meal  goes  on, 
the  successive  portions  of  food  which  arrive  in  the  stomach  will 
find  the  conditions  more  and  more  favourable  for  amylolytic 
digestion.  But  as  the  acidity  continues  to  increase,  the  activity 
of  the  ptyalin  will  first  be  lessened,  and  ultimately  abolished  ; 
and,  upon  the  whole,  a  considerable  pro|X)rtion  of  the  starches 
must  asually  escape  complete  conversion  into  sugar  until  they 
are  acted  upon  by  the  pancreatic  juice.  This  is  particularly 
the  case  with  unboiled  starch,  as  contained  in  vegetables  which 
are  eaten  raw  ;  and,  indeed,  we  know  that  sometimes  a  certain 
amount  of  starch  may  escape  even  pancreatic  digestion,  and 
ajipear  in  the  lieces.  Meanwhile,  pepsin  and  hydrochloric  acid 
are  being  poured  forth  ;  the  latter  is  entering  into  cumlnnation 
with  the  proteids  of  the  food  ;  and  before  the  end  of  an  ordinary 
meal  jKptic  digestion  is  in  full  swing.  The  movements  of  the 
pyloric  end  of  the  stomach  increase,  and  eddies  are  set  up  in  its 
contents,  which  carry  the  morsels  of  lood  with  them,  and  throw 
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them  against  its  walls.  In  this  way  not  only  are  the  contents 
thoroughly  mixed,  and  fresh  f>ortions  of  food  constantly  brought 
into  contact  with  the  gastric  juice  secreted  mainly  m  the  more 
passive  cardiac  end,  but  a  certain  amount  of  mechanical  disinte- 
gration is  brought  about ;  and  this  is  aided  by  the  digestion  of 
the  gelatin-yielding  connective  tissue  which  holds  together  the 
libres  of  muscle  and  the  cells  of  fat,  and  the  digestible  structures 
in  vegetable  tissue  which  enclose  starch  granules,  if  milk  has 
fonncd  a  portion  of  the  meal,  the  casein  will  have  been  curdled 
soon  after  its  entrance  into  the  stomach,  by  the  action  of  the 
rennet  ferment  alone  (see  footnote,  p.  286)  when  the  milk  has 
been  taken  at  the  beginning  yf  digestion  before  the  gastric 
contents  have  become  distinctly  acid,  by  the  acid  and  ferment 
together  when  it  has  been  taken  later.  The  casein  and  other 
proteids  of  milk,  hke  the  myosin  and  other  proteids  of  meat, 
and  the  globulins,  phytovitellins,  and  other  proteids  of  bread  and 
of  vegetable  food  in  general,  are  acted  u|X)n  by  the  pepsin  and 
hydrochloric  acid,  yielding  ultimately  j>eptones ;  while  variable 
quantities  of  these  proteids  and  of  the  acid-albumin  and  pro- 
teoses derived  from  them  may  escape  this  final  change,  and  pass 
on  as  such  into  thedutxknunx.  In  the  dog,  indeed,  a  meal  of  flesh 
has  been  found  to  be  almost  entirely  digested  to  the  peptone  stage 
while  still  in  the  stomach,  leaving  little  for  the  pancreatic  juice 
to  do.  But  we  may  safely  assume  that,  in  the  case  of  a  man 
living  on  an  ordinary  mixed  diet,  much  of  the  k>od  proteids  passes 
through  the  pylorus  chemically  unchanged,  or  having  undergone 
only  the  first  steps  of  hydration.  For,  even  a  few  minutes  after 
food  has  been  swallowed,  especially  liquid  food  or  water,  the 
pyloric  sphincter  may  relax  ;md  allow  the  stomach  to  propel  a 
portion  of  its  contents  into  the  intestine  ;  and  such  relaxations 
occur  at  intervals  as  digestion  goes  on,  although  it  is  not  for  several 
hours  (three  to  five}  that  the  greater  portion  of  the  food  reaches 
the  duodenum.  During  this  period  the  acidity  has  at  first  been 
constantly  increasing,  although  for  a  time  the  hydrochloric  acid 
has  combined,  as  it  is  formed,  witli  the  proteids  of  the  food. 
Then  comes  a  stage  where  the  hydrochloric  acid  has  so  much 
increased  that,  after  combining  with  all  the  proteids,  some  of  it 
remains  over  as  free  acid.  The  lactic  acid  now  rapidly  dis- 
appears from  the  stomach  because  the  growth  of  the  bacteria 
that  produce  it  is  checked  by  the  hydrochloric  acid  ;  and  after 
a  time  the  totil  aridity  begins  to  fall,  the  fully-digested  proteids 
l>eing  continually  absorbed  in  the  lorm  of  t>eptones,  which  are 
only  found  in  traces,  if  at  all,  in  the  chyme.  This  fall  continues 
till  the  third  or  fourth  hour,  the  proportion  of  free  to  combined 
acid  contmuing,  nevertheless,  to  rise,  since  nearly  all  that  is 
now  secreted  remains  free.     Easily-diffusible   bodies,   such  as 
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sugars  and  sr>nie  of  the  organic  crystalline  constituents  of  meat — 
e.^.,  kreatin — will  also  pass  through  the  gastric  mucous  membrane 
into  the  blood. 

'Die  sul^tances  which  reach  the  duodenum  are :  (i)  The 
greater  {>art  of  the  fats.  The  partial  digestion  in  the  stomach 
of  the  envelopes  and  protoplasm  of  the  cells  of  adipose  tissue, 
and  of  the  proteid  which  keeps  the  fat  of  milk  in  emulsion, 
prepares  the  fats  which  are  not  split  up  by  the  gastric  juice 
for  what  is  to  follow  in  the  intestine.  (2)  All  the  pjro- 
teids  which  have  not  been  carried  to  the  stage  of  peptone, 
and  i>crhaps  some  i)eptone.  (3)  All  the  starch  and  dextrins — 
an<I  gly<-ogen,  if  any  be  present — ^which  have  not  been  converted 
into  maltose,  and  ])0ssibly  a  little  maltose.  (4)  Elastin,  nuclein, 
cellulose,  and  other  substances  not  digestible  or  digestible  only 
with  difficulty  in  gastric  juice.  (5)  The  constituents  of  the 
gastric  juice  itself,  including  p>epsin.  The  ptyalin  of  the  saliva 
has  been  already  digested  and  destroyed. 

It  mast  l)e  remembered  that  all  this  time,  even  from  the 
beginning  of  digestion,  a  certain  amount  of  pancreatic  juice  has 
been  finding  its  way  into  the  duodenum  in  response  first  to  the 
psychical  excitation,  and  later  to  that  action  of  the  acid  chyme 
on  the  intestinal  mucous  membrane  which  has  been  described. 
In  the  duodenum  its  trypsinogen  is  becoming  activated  to 
tryi>sin  l)y  the  enterokinase  of  the  intestinal  juice.  The  secre- 
tion of  bile,  too,  has  quickened  its  pace,  the  gall-bladder  is 
getting  nion*  and  more  full  as  the  meal  proceeds  and  gastric 
digestion  begins,  and  sonic  of  the  bile  may  very  soon  escape 
into  the  intestine.  The  i)ylorus  opens  occasionally  for  a 
nioment  wlienever  the  small  portions  of  chyme  which  at  this 
stage  aie  In^ginnin^  to  pass  through  have  been  sufficiently 
neutiali/ed  l>y  the  panereatie  juice  and  bile,  although  it  is  not 
ni'cessaiA'  that  the  reaetion  should  l>ecome  actually  neutral. 
When  tht»  acid  chyme,  a  grayisli  liquid,  turbid  with  the  debris 
t»f  aiiiinul  and  vegi'tahle  tissues— with  muscular  fibres,  fat 
globules,  stareh  granules,  and  dotted  ducts — gushes  through 
the  pylorus  and  strikes  the  duodenal  wall,  the  muscular  fibres 
ot  the  ^all-blailder  contract,  and  sudden  nishes  of  bile  take 
plaie  Irom  the  rommon  duet.  Hy-and-by.  as  bile  and  pancreatic 
juiee  eiHitinue  to  be  jKnued  out.  the  reaction  in  the  duodenimi, 
as  tested  by  litmus,  becomes  less  acid  and  even  weakly  alkaline 
lor  a  time.  Hut  it  sixmi  becomes  acid  again,  and  the  acidity  at 
fust  increases  as  the  Uxk\  [msscs  down  the  gut.  In  the  lower 
iHUiunt  ot  the  small  intestine  the  acidity  diminishes,  and  the 
coi»tenis  may  be  neutral  or  actually  alkaline  for  some  distance 
aK»ve  the  »lei>-c.ecal  valve.  To  phenolphthalein  the  reaction  is 
acid  thioufihout  the  whole  intestme.     But  methyl  orange  shows 
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an  alkaline  reaction,  all  the  way  from  the  lower  end  ot  the 
duodenum  to  the  c^cnim  (Moore  and  Rockwood).  In  the  upper 
part  of  the  duodenum  the  reaction  with  this  indicator  is  some- 
times foimd  acid,  but  sometimes  neutral  or  alkaline.  All  this 
refers  to  the  conditions  during  full  digestion  (3  or  4  to  8  or  9 
hours  after  the  taking  of  Uyod).  When  digestion  is  over  (20  to 
24  hours  after  a  meal)  the  reaction  becomes  acid  to  methyl  orange, 
litmus  and  phenolphthalein  throughout  the  whole  intestine.* 

Reaction  of  Intestinal  Contents. — A  consideration  of  the  properties 
of  the  indicators  mentioned  enables  us  to  interpret  in  some  measures 
these  results,  wliich  at  first  sight  apjKjar  so  confusing.  Methyl  orange, 
the  most  stable  of  the  sei  ies,  is  not  affected  by  weak  organic  acids,  but 
reacts  acid  to  inorganic,  and  the  stronger  organic  acids  like  lactic, 
acetic  and  but\'ric  acids,  and  alkaline  to  salts  of  the  weaker  acids,  such 
as  sodium  carbonate  and  bicarbonate.  Phenolphthalein  is  very  sensi- 
tive to  acids,  even  to  weak  organic  acids  such  as  the  fatty  acids 
derived  from  the  fat  of  meat,  and  to  carbonic  acid.  Litmus  is  inter- 
mediate between  methyl  orange  and  phenolphthalein.  The  chyme  as 
it  passes  through  the  pylorus  contams  free  hydrochloric  acid,  and  in 
addition,  during  the  first  stages  of  digestion  of  a  meat  containing 
carbo-hydrates,  free  lactic  acid.  It  mingles  immediately  with  the 
alkaUnc  contents  of  the  duodenum.  If  these  contain  a  sufficient 
quantity  of  bases  to  combine  with  the  whole  of  the  acids  which  would 
affect  methyl  orange,  that  indicator  will  show  a  neutral  or  alkaline 
reaction,  ^henolphthalcm  may  at  the  same  time  react  acid  on 
account  of  the  presence  of  weaker  acids,  including  carbonic  acid, 
cither  originally  dissolved  in  the  intestinal  fluid  or  liberated  by  the 
action  of  the  acids  of  the  chyme  on  the  caibonatcs.  If  there  is  not 
ijCnough  alkali  to  combine  with  the  whole  of  the  stronger  acids  of  the 
l^iyme  the  reaction  will  be  at  first  acid  to  all  the  indicators,  but  may 
soon  become  alk'dine  to  methyl  orange  or  even  to  litmus,  as  pan- 
creatic juice  and  bile  continue  to  enter  the  duodenum.  As  the  food 
progresses  alon^  the  intestine  a  certain  amount  of  lactic  acid  is  pro- 
duced by  the  action  of  micro-organisms  on  the  carbo-hydrates,  and 
perhaps  also  on  the  protcids.  The  .alkalies  of  the  intestinal  secretions 
ore  being  continually  used  up,  both  to  neutralize  this  acid,  and  to 
form  soaps  with  the  fatty  acias  set  free  from  the  fats  by  the  steapsin 
a.nd  the  fat-splitting  bacteria.  The  point  may  easily  be  rcacncd, 
and  as  a  rule  is  reached,  at  which  enough  of  the  weak  acids  or  of  acid 
salts  is  present  to  give  an  acid  reaction  with  phenolphthalein  or 
^litmus,  while  the  reaction  is  still  alkaline  to  methyl  orange.  By  the 
ime  the  food  has  arrived  at  the  lower  end  of  the  small  intestine  the 
tter  part  of  the  fat-splitting  may  be  supposed  to  l>e  over,  and  the 
iter  part  of  the  fatty  acids  absorbed.  The  acids  that  remain  may 
easily  neutralized  by  the  alkahne  succus  cntcricus,  reinforced  by 
le  alkalies,  especially  ammonia,  produced  by  the  ordinar>'  putrcfac- 
ivc  bacteria  from  proteids  ;  and  the  reaction,  previously  alkaUne  to 
icthvl  orange  only,  may  thus  become  alkaline  to  litmus  as  well, 
lissolvrd  cArl>onic  acid  will  still  account  for  the  acid  reaction  to 

*   In  IS  dogs  fell  with  meat  20  to  34  hours  before  death  this  was  found 
be  the  cJkse.     Tn  4  of  the  ilogs  the  ft^^tric  contents  were  almost  nciitral 
litmus  and  methyl  orange,  but  slightly  alkaline  to  phenolphthalein  :  In 
rest  acid  to  all  three  indicators. 
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phenolphthalein.  Towards  the  end  of  intestinal  digestion  the  dis- 
cliargc  of  pancreatic  juice,  bile  and  succus  entericus  ha\*ing  almost  or 
cntirclv  ceased,  the  acid-forming  bacteria  appear  again  to  get  the 
upper  hand  ;  and  since  the  reaction  is  acid  to  methyl  orange  as  wcU 
as  to  the  other  indicators,  we  must  assume  that  strong  organic  acids, 
like  lactic  acid,  are  present.  Very  early  in  the  meal  the  inflow  of 
alkaline  pancreatic  juice,  and  perhaps  of  succus  entericus,  into  the 
intestine  begins  :  and  for  a  considerable  time  this  is  not  counteracted 
by  the  escape  of  any  large  quantity  of  ;w;id  chyme  through  the  pylorvis. 
We  must  accordingly  suppose  that  the  conditions  for  the  establish- 
ment of  an  alkahne  reaction  of  the  intestinal  contents  are  unfavour- 
able at  the  end  of  intestinal  digestion,  and  favourable  at  the^^ 
beginning  of  gastric  digestion.  ^M 

Trypsin,  like  pepsin,  performs  its  work  in  ])a.rt  in  an  add 
medium  ;  and  although  the  cause  of  the  acidity  and  the  char- 
acter of  the  medium  are  far  from  hiding  the  same  as  in  the  gastric 
juice,  it  is  obviously  an  advantage  that  the  chief  proteolytic 
ferment  should  be  able  to  act  upon  the  proteids  in  all  parts  of 
the  intestine  and  at  every  stage  of  intestinal  digestion  whether 
the  reaction  is  acid  or  alkaline.  The  proteids  of  the  chyme  are 
all  carried  by  the  trypsin  to  the  stage  of  peptone,  but  an  unknown 
quantity  of  the  peptone,  even  in  perfectly  normal  digestion,  is 
further  split  up  into  leucin,  tyrosin,  and  similar  bodies  by  the 
try]>sin  and  the  erepsin  of  the  succus  entericus. 

In  the  lower  portions  of  the  small  intestine  bacteria  of  various 
kinds  are  present  and  active  ;  and  it  is  not  unlikely  that  even 
throughout  its  whole  length  a  certain  range  of  action  is  per- 
mitted to  them,  checked  by  the  acidity  t>f  the  chyme,  though 
scarcely  by  the  antiseptic  ]>roperties  of  the  bile. 

The  lower  end  of  the  small  intestine  is  not  cut  off  by  any 
bacteria-proof  barrier  from  the  large  intestine,  in  which  putre- 
faction is  constantly  going  on.  It  has  been  actually  shown  that 
small  particles  such  as  lycopodiuni  spores,  suspended  in  water, 
soon  reach  the  stomach  when  injected  into  the  rectum.  So 
that  micro-organisms,  aided  by  the  antiperistalsis  of  the  colon 
may  be  able  to  work  their  way  above  the  ileo-cjec^]  valve,  even 
against  the  downward  |>eristaitic  movement  of  the  small  intes- 
tine. But  even  if  this  were  not  the  case,  a  few  bacteria  or  their 
Sf)ores,  passing  through  the  stomach  with  the  food,  woidd  be 
enough  to  set  up  extensive  changes  as  soon  as  they  reached  a 
part  of  the  alimentary  canal  where  the  conditions  were  favour- 
able to  their  development.  Indeed,  from  the  time  when  the 
first  micro-organism  enters  the  digestive  tube  soon  after  birth,^^ 
it  is  never  free  from  bacteria  ;  and  their  multiplication  in  onti^| 
|)art  of  it  rather  than  another  depends  not  so  much  on  the^^ 
number  originally  present  to  start  the  process,  as  on  the  condi- 
tions which  encourage  or  restrain  their  increase. 

Already  emulsified  fats  are  broken  up  into  their  fatty  acids  am 
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cerine  partly  in  the  stomach,  unemulsified  lats  t^ntirely  by 
the  fat-splitting  ferment  of  the  pancreatic  juice.  The  acids  will 
form  soaps  with  .ilkiihcs  wherever  they  meet  them  in  the  in- 
testinal contents,  or  even  in  the  mucous  membrane.  A  portion 
of  those  soluble  soajis  may  be  immediately  absorbed ;  the  rest 
may  aid  in  the  emulsification  of  the  fats  not  yet  chemically 
decompjosed,  and  thus  greatly  hasten  the  fat-splitting  action  of 
the  pancreatic  jnicc.  The  starch  and  dextrine  which  have  escaped 
the  action  of  the  saliva  are  changed  into  maltose  by  the  amylojisin, 
A  little  dextrine  may  be  absorbed  as  such  (Bleile). 

The  succus  entericus,  in  addition  to  its  important  functions 
already  mentioned,  aids  as  an  alkaline  liquid  in  lessening  the 
acidity  of  the  chyme  and  establishing  the  reaction  favourable  to 
intestinal  digestion.  It  will  invert  any  cane-sugar,  maltose,  or 
lactose,  which  may  reach  the  intestine  ;  but  it  cannot  be  doubted 
that  cane-sugar  may  be  absorbed  by  the  stomachy  being  inverted 
^^y  the  hydrochloric  acid  of  the  gastric  juice  or  by  inverting  fer- 
^^ncnts  taken  in  with  the  food,  or  on  its  wav  through  the  gastric 
^    walls. 

Upon  the  whole  no  great  amount  of  water  is  absorbed  in  the 
small  intestine,  or  at  least  the  loss  is  balanced  by  the  gain,  for 
the  intestinal  contents  are  as  concentrated  in  the  duodenum  as 
in  the  ileum.  But  as  soon  as  they  pass  beyond  the  ileo-ctecal 
valve  water  is  rapidly  absorbed,  and  the  contents  thicken  into 
normal  faeces,  to  which  the  chief  contribution  of  the  large  intes- 
tine is  mucin,  secreted  by  the  vast  number  of  goblet  cells  in  its 
Lieberkiihn's  crypts. 

Bacterial  Digestion. — So  far  we  have  paid  no  special  atten- 
tion to  other  than  the  soluble  ferments  of  the  digestive  tract, 
although  we  have  incidentally  mentioned  the  action  of  the  lactic 
arid  bacilli  on  carbo-hydrates  and  of  the  fat-splitting  bacteria 
on  fats.  It  is  now  necessary  to  recognise  that  the  |)resence  of 
bacteria  is  an  absolutely  constant  feature  of  digestion  ;  and 
although  their  action  must  in  pwirt  be  looked  upon  as  a  necessary 
evil  which  the  organism  has  to  endure,  and  against  the  conse- 
quences of  which  it  has  to  struggle,  it  is  not  unlikely  that  in 
part  it  may  be  ancillary  to  the  processes  of  aseptic  digestion. 
But  bacteria  are  not  essential  (in  mammals,  at  any  rate,  living 
on  milk),  as  some  have  supposed.  For  it  has  been  shown  that 
a  yoimg  guinea-pig,  taken  by  Caesarean  section  from  its  mother's 
uterus  with  elaborate  antiseptic  precautions,  and  fed  in  an 
aseptic  space  on  sterile  milk,  grew  apparently  as  fast  as  one  of 
its  sisters  brought  up  in  the  orthodox  microbic  way.  The 
alimentary  canal  remained  free  from  bacteria  (Nuttall  and 
Thierfelder).  On  the  other  hand,  chickens  hatched  from  sterile 
and  kept  in  a  sterile  enclosure  lived,  indeed,  for  a  time, 
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but  did  not  thrive  in  comparison  with  the  control  animals,  and 
died  at  latest  after  eighteen  days.  It  is  possible  that  the  differ- 
ence in  the  results  is  to  be  attributed  to  the  difference  in  the 
food,  vegetable  food,  perhaps,  requiring  the  aid  of  bacteria  for 
its  proper  digestion,  while  an  easily-digestible  food  like  milk 
does  not. 

Among  the  more  im|^>ortant  actions  of  bacteria  on  the  proteid 
food-products  in  the  intestines  may  be  mentioned  the  formation 
of  indo],  pht?nol,  and  skatol,  the  first  having  Lyrosin  for  its  pre- 
cursor, and  being  itself  after  absorption  the  precursor  of  the 
'  indican  '  in  the  urine  ;  the  second  being  to  a  small  extent 
thrown  out  with  the  faeces,  but  chiefly  absorbed  and  eliminated 
by  the  kidneys  as  an  aromatic  compound  of  sulphuric  acid  ;  the 
third  passing  out  mainly  in  the  fteces. 

The  large  intestine  is  the  chosen  hauiit  of  the  bacteria  of  the 
alimentary  canal  ;  they  swarm  in  the  faeces,  and  by  their  influ- 
ence, especially  in  the  caecum  of  herbivora,  but  also  to  a  small 
extent  in  man,  even  cellulose  is  broken  up,  the  final  products 
being  carbon  dioxide  and  marsh  gas.  A  cellulose-dissolving 
enzyme  of  great  activity  is  present  in  the  hepatic  secretion 
of  the  snail,  which  rapidly  produces  sugar  from  cellulose.  But 
in  herbivorous  mammals  no  such  ferment  has  been  found  ;  and 
aUhough  cellulose  can  be  spHt  up  by  bacteria  in  their  intestines, 
sugar  is  not  among  the  products.  In  this  case  the  cellulose 
makes  only  an  insigniticant  contribution  to  the  metaftolism  of 
the  animal.  The  contents  of  the  large  bowel  are  gtinerally  acid 
from  the  products  of  bacterial  action,  although  the  wall  itself  is 
alkaline. 

Faeces. — In  addition  to  mucin,  secreted  mainly  by  the  large 
intestine,  the  fffices  consist  of  indigestible  remnants  of  the  food, 
such  as  elastic  fibres,  spiral  vessels  of  plants,  and  in  general  all 
vegetable  structures  chiefly  composed  of  cellulose.  They  are 
coloured  with  a  pigment,  stercobilin,  derived  from  the  bile-pig- 
ments. Stercobilin  is  identical  with  urobilin,  which  forms  a 
common,  though  not  an  invariable,  constituent  of  bile  itself.  A 
portion  of  it  is  absorbed  by  the  intestine  and  then  excreted  in 
the  urine»  the  urobilin  in  which  is  often  much  increased  in  fever 
{'  febrile  *  urobilin).  No  bilirubin  or  biliverdin  occurs  in  normal 
fieces,  although  j^athologically  they  may  be  jjresent.  The  dark 
colour  of  tlie  feces  with  a  meat  diet  is  due  to  haematm  and  sulphide 
of  iron,  the  latter  being  formed  by  the  action  of  the  sulphuretted 
hydrogen  which  is  constantly  present  in  the  large  intestine  on  the 
organic  compounds  of  iron  contained  in  the  food  or  in  the  secre- 
tions of  the  alimentary  canal.  A  small  amount  of  altered  bile- 
acids  and  their  products  is  also  found ;  and  in  respect  to  these, 
and  to  the  altered  pigments,  bile  is  an  excretion.    And  although 
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its  important  function  in  digestion^  and  the  fact  that  the  greater 
part  of  the  bile-salts  is  reabsorbed,  show  that  in  the  adu!t  it  is 
very  far  from  being  solely  a  waste  product^  the  equally  cogent 
fact,  that  the  intestine  of  the  new-born  child  is  filled  with  what 
is  practically  concentrated  hile  (meconium)^  proves  that  it  is  just 
as  far  from  l>eing  purely  a  digestive  juice,     Skatol  and  other 
bodies,  formed  by  putrefactive  changes  in  the  proteids  of  the 
food,  are  also  present  in  the  faeces,  and  are  responsible  for  the 
faecal   odour.     Masses  of  bacteria  are   invariably  present,   and 
often  make  up  a  very  considerable  pro]>ortion  nf  the  total  faecal 
solids.    Of  the  inorganic  substances  in  f;eces  the  numerous  crystals 
of  triple  phosphate  are  the  most  characteristic.     When  the  diet  is 
too  large,  or  contains  too  much  of  a  particular  kind  of  food,  a  con- 
siderable quantity  of  digestible  material  may  he  found  in  the 
feces — e.g.,  muscular  fibres  and  fat.     But  it  should  l)e  remem- 
bered that  under  all  circumstances  the  composition  of  the  fa?ces 
iflfers   from   that  of  the   food.     The  intestinal   contribution   is 
tways  an  important  one,  although  relatively  more  important 
with  a  flesh  than  witli  a  vegetal)Ie  diet.     The  xanthin  or  purin 
bases  normally  found  in  human  faeces  come  both  from  the  food 
directly  and  from  the  metabolism  of  the  tissues.    They  are  in- 
■eased  in  amount  on  a  diet  rich  in  purin  bodies  (such  as  meat 
:tract  or  thymus),  but  are  also  formed  on  a  diet  like  milk,  from 
^hich  xanthin  bases  cannot  be  obtained. 
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Physical  Introduction. — Imbibition,  or  molecular  imbibition,  is  the 
term  applied  to  the  entrance  of  liquid  into  a  colloid,  without  the  loss 
of  its  properties  as  a  solid,  when  no  preformed  capillary  spaces  arc 
present.  The  entrance  of  water  into  a  piece  of  gelatin,  or  an  epi- 
dermic scale,  is  an  example  of  molecular  imbibition.  Most  animal 
and  vegetable  tissues  possess  tius  proj^erty,  wliich  is  beUeved  to  be 
of  importance  in  such  physiological  processes  as  absorption,  secretion, 
and  the  excretion  of  water  from  the  lungs  and  skin.  The  process  by 
which  liquid  passes  into  a  solid  with  preformed  capillary  spaces — 
e.^.,  a  sponge — is  sometimes  spoken  of  as  capillary  imbibition. 

Diffusion. — When  a  solution  of  a  substance  is  placed  in  a  vessel. 
and  a  layer  of  water  carefully  run  \n  on  the  top  of  it,  it  is  found 
after  a  time  that  the  dissolved  substance  has  spread  itself  through 
the  water,  and  that  tlie  composition  of  the  mixture  is  uniform 
tliroughout.  The  result  is  the  same  when  two  solutions  containing 
different  proportions  of  the  same  substance,  or  containing  different 
substances,  are  placed  in  contact.  The  phenomenon  is  called 
diffusion.  The  time  required  for  complete  diffusion  is  compara-  i 
tively  short  in  the  case  of  a  substance  like  hydrochloric  acid  or  ' 
sodium  cliioride.  exceedingly  long  in  the  case  of  albumin  or  gum.  In 
both  it  is  more  rapid  at  a  high  temperature  than  at  a  low. 

Osmosis.  —  If  the  solution  be  separated  from  water  by  a  membrane 
absolutely  or  relatively  impermeable  to  the  dissolved  substance,  but 
permeable  to  water,  water  passes  tlirough  the  membrane  into  the 
solution.  This  phenomenon  is  called  osmosis.  E.g.,  a  membrane  of 
ferrocyanide  of  copper,  nearly  impermeable  to  cane-sugar,  can  be 
formed  in  the  pores  of  an  unt^iazed  porcelain  pot  by  allowing  potas- 
sium ferrocyanide  and  cupric  sulphate  to  come  in  contact  there.  If 
the  pot  is  filled  with,  say.  a  i  per  cent,  solution  of  cane-sugar,  closed 
by  a  suitable  stopper,  connected  to  a  manometer,  and  then  placed  in 
a  vessel  of  water,  w^tcr  passes  into  it  till  the  pressure  indicated 
by  the  manometer  rises  to  a  certain  height.  With  a  2  per  cent, 
solution  it  reaches  t^irice  this  height,  and  i.n  general  the  osmotic 
pressure,  as  it  is  called,  is  in  any  solution  proportional  to  the  mole- 
cular concentration*  of  the  solution,  or,  in  other  words,  to  the 

•  The  molecular  concentration  is  strictly  defined  as  the  number  of 
grammes  of  the  dissolved  substance  in  a  litre  of  the  solution  dixnded  by 
the  pramme-molccular  weight.  The  gramme- molecular  weight,  or 
gramme-molecule,  is  the  number  of  grammes  corresponding  to  the  mole- 
cular weight.  Thus,  the  gramme-molecular  weight  of  sodium  chloride 
(NaCl)  is  58*36  grammes,  and  of  cane-sugar  (C,sH^Oii),  34a  grammes. 
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number  of  molecules  of  the  dissolved  substunce  in  a  given  volume 
of  the  solution.  If  in  this  sentence  we  substitute  '  {^aseous  pressure  ' 
for  '  osmotic  pressure.'  and  '  gas  '  for  '  solution,"  we  have  a  statement 
of  Boyle's  law,  which  asserts  tliat  the  pressure  oC  a  gas  is  propor- 
tional to  its  density.  Indeed,  it  has  been  shown  tliat  the  osmotic 
pressure  of  the  dissolved  substance  is  the  same  as  the  pressure  that 
would  be  exerted  by  a  pas,  say  hydrogen,  if  all  the  water  were  re- 
moved, and  a  molecule  of  hydrogen  substituted  (or  each  molecule  of 
the  substance,  or  as  would  be  exerted  by  the  substance  itself  if,  after 
loval  of  the  solvent,  it  could  be  left  as 
filling  the  same  volume.  And  the 
osmotic  pressure  of  a  solution  of  one  sub- 
stance is  the  same  .is  that  of  a  solution  of 
any  othc?r  sut>stance  whicli  contains  in  a 
jjiven  volume  the  same  number  of  molecules 
of  the  dissolved  substance.  In  otiicr  words, 
the  osmotic  pressure  is  not  dependent  on 
the  nature,  but  on  the  molecular  concentra- 
tion, of  the  substance.  The  analogy  of  the 
laws  of  osmotic  to  those  of  gaseous  pressure 
>mcs  still  more  obvious  when  it  is  added 

rt  the  osmotic  pressure  of  a  sul>stance 
with  any  given  molecul.ir  concentration  is 
pronortional  to  the  absolute  temperature  ; 
ana  that  when  a  solution  contains  more 
ttiaii  one  dissolved  substance  the  total 
osmotic  pressure  is  the  sum  of  the  partial 
osmotic  pressures  which  each  substance 
would  exert  if  it  were  present  alone  in  the 
same  volume  of  the  solution. 

The  osmotic  pressure  of  a  solution  may 
reach  an  enormous  amount.  Thus,  a  i  per 
cent,  solution  of  cane-sugar  has  a  pressure 
at  o^  C.  of  403  mm.  of  mercur)'.  A  m  per 
cent,  solution  of  cane-sugar  would  have  an 
osmotic  pressure  of  more  than  six  atmo- 
spheres, and  a  17  per  cent,  solution  of 
ammonia  a  pressure  of  no  less  than  224 
atmospheres.  The  osmotic  pressure  must 
be  due  to  the  kinetic  energy  of  the  moving 
molecules.  Where  the  molecules  are 
hindered  from  passing  a  bounding  mem- 
brane, the  pressure  exerted  by  their  impacts 
on  the  boundary  is  greater  than  where  the 
membrane  is  easily  permeable,  because  in 
the  latter  case  many  of  the  molecules  pass 
through,  carrying  with  them  their  kinetic 
energy.  The  pressure  must  be  still  less 
when  a  dissolvc<l  9ut>stancc  diffuses  frcelv 
into  water  ;  but  however  small  it  may  become,  it  is  in  the  osmotic 
pressure  of  the  molecules  of  the  dissolved  substance  that  the  force 
which  causes  dilTusion  must  be  sought. 

It  is  as  yet  impossible  to  directly  measure  the  osmotic  pressure  with 
accuracy  by  means  of  a  semi-(»ermcablc  membrane  like  forrocyanid*^ 
of  copper.  Recourse  is  therefore  had  to  indirect  methods,  es|x,'Cially 
one  which  depends  on  the  fact  that  the  freezing-point  of  a  solution 
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is  lower  than  that  of  the  solvent,  salt  water,  e.g.,  freezing  at  a  lowerl 
tcmi>erature  than  fresh  water.  The  amount  by  which  tne  freering- 
poinL  is  lowertd  depends  on  the  molecular  concentration  of  the 
dissolved  substance,  to  which,  as  wc  have  seen,  the  osmotic  pressure 
is  also  proportional.  When  a  gramme-molecule  of  a  substance  is 
dissolved  in  water,  and  the  volume  made  uji  to  a  litre,  the  frcezinj;- 
point  is  lowered  by  l*B6*  C.  ;  the  osmotic  pressure  is  22*35  Jitmo- 
spheres  (16,9X5  mm.  of  mcrcur\')«  It  is  therefore  easy  to  calculate 
the  osmotic  pressure  of  any  solution  if  we  know  the  amount  by  which 
its  freezing-point  is  lowered.  A  i  per  cent,  solution  of  cane-sugar, 
for  example,  would  freeze  at  about  -  0*054*'  C.     Its  osmotic  pressure 

=     ,^^x  16,986  =  493  mm.  of  mercury. 

A  convenient  apparatus  for  making  freezing-point  measurements 
is  shown  in  Fig.  133.  The  details  of  the  method  are  given  in  the 
Hnictical  Exercises,  p.  433. 

The  osmotic  pressure  of  different  solutions  may  also  be  compared 
by  observing  the  effect  produced  on  certain  vcgeUible  and  animal 
cells.  Wlien  a  solution  with  a  greater  osmotic  pressure  than  the 
cell-sap  (a  hyperisoionic  soiution)  is  left  for  a  time  in  contact  with  ' 
certain  cells  in  the  leaf  of  Trade  scan  Ha  discolor^  plasmolysis  occurs— 
that  is,  the  protoplasm  loses  water  and  shrinks  away  from  Ihe  cell- 
wall.  If  the  osmotic  pressure  of  the  solution  is  lower  than  that  of 
the  coloured  cell-sap  {hypoisotonic  sohition),  no  shrinking  of  the 
protoplasm  takes  nlacc.  By  using  a  number  of  solutions  of  the  same 
substance  but  of  different  strength,  two  can  be  found,  the  stronger  of 
which  causes  plasmolysis.  and  the  weaker  not.  Betwxen  these  lies 
the  solution  wliich  is  isotonic  with  the  ccU-sap — that  is,  has  the  same 
molecular  concentration  and  osmotic  pressure.  The  strcngtn  of  an 
isijtonic  solution  of  some  other  s\ibstance  can  then  be  determined  in 
the  same  way  with  sections  from  the  same  leaf. 

Animal  cells   (red  blood-corjiusclcs)   may  also  be  employed,  the  ^^ 
liberation    of    haemoglobin    or    the    swelling   of    the    corpuscles,   as  ^H 
measured  by  the  ha-'matocritc  (p.  :2o),  being  taken  as  cWdence  that  ^M 
the  solution  in  contact  \vith  them  is  hypoisotonic  to  the  contents  of 
the  cor]>u5clcs.     Here   wc    may  suppose    that   the   imi)acts  of    the 
molecules  of  tlie  salts  of  the  corpuscle  on  the  inside  of  its  envelope, 
not  being  balanced    by  simitar  impacts   on    the  outside,    tend   to 
distend  it,  and  thus  to  create  a  potential  vacuum  for  the  surrounding 
water,  which  accordingly  enters.    H  the  corpuscles  sUrmk,  the  solution 
is  hypenaotonic  to  their  contents.     But  since  the  cells  are  much  more 
permeable  to  certain  substances  than  to  others,  this  method  does  not 
.always  yield  trustworthy  results. 

Electrolytes. — Wc  h-ive  said  that  the  osmotic  pressure  is  propor- 
tional to  the  concentratitm  of  the  solution,  but  this  statement  must 
now  be  qualified.  For  certain  compoundij,  including  all  inorganic 
salts  and  many  organic  substances,  the  osmotic  pressure  decreases 
less  rapidly  than  the  theoretical  molecular  concentration  as  the 
solution  is  dUuted.  The  explanation  is  that  in  solution  some  of 
the  molecules  of  tliesc  bodies  are  broken  up  into  simpler  groups 
or  single  atoms,  called  ions.  Each  ion  exerts  the  same  osmotic 
pressure  as  the  molecule  did  l>efore.  The  proprtrtion  between  the 
average  numl>er  of  these  dissociated  molecules  and  of  ordinary 
molecules  is  constant  for  a  given  concentration  of  the  solution  and  a 
given  tem{>erature.     But  as  the  solution  is  diluted,  the  proportion  ol 
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dissociated  molecules  bocomea  greater.     The  bodies  which  behave  in 
this  way  are  electrolytes — that  is,  their  solutions  conduct  a  current  of 
electricity  ;  hoflit^s  which  dn  not  exhibit  this  bohaviour  dr>  not  con- 
duct in  solution.     And  there  are  many  reasons  for  hchevinK  that  the 
ilissociation  of  the  electrolytes  is  the  essential  thing  in  plcctrolylic 
conduction.     Wc  may  aupi^Kisc  that  in  a  solution  of  an  electrolyte — 
sodium  chloride,  for  instance — a  certain  number  of  the  molecules 
fall  asunder  into  a  kation  (Na).*  carn'ing  a  charge  of  positive  elec- 
tricity, and  an  anion  (CI),  carrying  an  etjual  negative  charge.     These 
electrical  charges,  it  must  be  remembered,  arc  not  created  by  the 
passage  of  a  current  through  the  solution.     We  do  not  know  how 
they  arise,  but  the  ions  must  be  supix^^ed  to  be  electrically  charged 
at  the  moment  when  the  molecule  is  broken  up.     And  the  ions  of 
different   substances   must   each   be   SHpix5sed    to   carry    the   same 
quantity  of  electricity.     But  since  they  are  all  wandering  freely  in 
the  solution,  no  excess  of  negative  or  of  positive  electricity  can 
iLCCumulatc  at  any  part  of  it — ^in  other  words,  no  difference  of  poten- 
tial can  exist.     When  electrodes  connected  with  a  voltaic  battery 
are  dipped  into  a  solution  of  an  electrolyte,  adilference  of  potential, 
an  electrical  slope,  is  established   in  the  liquid,  and  the  positively 
charged  kations  are  compelled  to  wander  towards  the  negative  pole, 
the  negatively  charged  anions  towards  the  positive   pole.     In  this 
way  that  movement  of  electricity  which  is  called  a  current  is  main- 
tained in  the  solution.     It  is  clear  that  the  greater  the  numl>er  of 
ions,  and  the  faster  they  move  in  the  solution,  the  greater  will  be 
the  quantity  of  electricity  carried  to  the  electrodes  in  a  given  time, 
when    the  diflercnce   of   potential   between    the   electrodes,   or   the 
steepness  of  the  electric  slope,  remains  constant.     \n  other  words, 
the  specific  conHuctivitv  of  a  solution  of  an  electrolyte  varies  as  the 
number  of  dissociated  molecules  in  a  given  volume  and  the  speed  of 
the  ions.     It  increases  up  to  a  certain  point  with  the  concentration, 
because  the  absolute  number  of  dissociated  molecules  in  a  given 
volume  increases.     The  molecular  conductivity — that  is,  the  conduc- 
tivity per  molecule,  or,  strictly,  the  ratio  of  the  sj)ecific  conductivity 
to  the  molecular  concentrarion.  increases  with  the  dilution,  because 
the  relative  number  of  dissociated  molecules,  as  compared  with  un- 
dissociated,  increases.     \\.  a  certiiin  degree  of  dilution  the  molecular 
conductivity  reache^s  its  maximum,  for  all  the  molecules  are  disstrci- 
ated.     The  ratio  of  the  molecular  conductivity  of  any  given  solution 
to  this  maximum  or  limiting  value  is  therefore  a  measure  of  the  pro- 
portion between   the  number  of  dissociated,  and  the  total  number 
of  molecule<i.     The  molecidar  conductivity  of  the  salts  dissolved  in 
the  liquids  of  thf  animal  bfKly.  for  the  degree  of  dilution  in  which  they 
exist  there,  is  such  that  we  must  assume  them  to  be  for  the  most  part 
dissociated. 

Absorption  of  the  Food. — In  the  preceding  chapter  we  have 
traced  the  food  in  its  progress  along  the  alimentary  canal,  and 
sketched  the  changes  wrought  in  it  by  digestion.  We  have 
next  to  consider  the  manner  in  which  it  is  absorbed.  Then,  for 
a  reason  which  has  already  been  explained,  instead  of  following 
its  (ate  within  the  tissues,  until  it  is  once  more  cast  out  of  the 

*  J.  J.  Thomson  lui<>  shown  that  the  chemical  atoms  must  t»e  jutsumed 
to  consist  of  very  numerous  smaller  corpuKcUs  or  particles  of  vlectricity 
callvd  electrons. 
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body  in  the  form  of  waste  products,  it  will  be  best  to  drc 
logical  order  and  pick  up  the  other  end  of  the  clue — in  other 
wortls,  to  ]>ass  from  al>sorption  to  excretion,  from  the  first  step 
in  metabolism  to  the  cl<)sinf<  act,  and  afterwards  to  return  and 
fill  in  the  interval  as  best  we  can. 

Comparative. — And  here,  first  of  all,  it  should  be  remembered  that 
the  epithelial  surfaces,  through  which  the  substances  needed  by  the 
organism  enter  it,  and  waste  products  le-AXG  it,  are,  physiologically  con- 
sidered, outside  the  body.  The  mucous  membranesof  the  alimentary, 
respiratory,  and  urinary  tracts  are  in  a  sense  as  much  external  as  the 
fourth  great  division  of  the  physiological  surface,  the  skin.  The  two 
latter  surfaces  are  in  the  mammal  purely  excretory.  Absorption  is 
the  dominant  function  of  the  alimentary  mucous  membrane,  but  a 
certain  amount  of  excretion  also  goes  on  through  it.  T)ie  pulmonary 
surface  both  excretes  and  absorbs,  and  that  in  an  equal  measure. 
But  it  is  by  no  means  necessary  that  the  surface  throui^h  which 

oxg^'cn  is  taken  in  and  gaseous 
waste  products  given  off  should  be 
buried  deep  in  the  body,  and  com- 
municate ciidy  by  a  narrow  cliannel 
with  the  exterior.  In  the  frog  the 
skin  is  largely  an  absorbing  as  well 
as  an  excreting  surface  ;  oxygen 
l>asses  freely  in  through  it.  just  as 
carbon  dioxide  passes  freely  out. 
i  1  most  fishes,  and  many  other  gill- 
I'  aring  animals,  the  wliole  gaseous 
interchange  takes  place  through 
surfaces  immersed  in  the  surround- 
ing water,  and  therefore  distinctly 
external.  In  certain  forms  it  has 
even  been  shown  that  the  aUment- 
tary  canal  may  serve  conspicuously 
for  absorj>tion  and  excretion  of 
gaseous,  ;ts  well  ;ls  liquid  and  solid 
substances.  Still  lower  down  in 
the  animal  scale,  the  surface  of  a 
single  tube  may  perform  all  the 
functions  of  digestion,  absorption 
and  excretion.  Lower  still,  and 
even  this  tube  is  wanting,  and 
cvcr\'thing  passes  in  and  out 
through  an  external  surface  pierced  by  no  permanent  openings. 

Indeed,  even  in  man  the  functions  of  the  various  anatomical 
divisions  of  the  physiological  surface  are  not  quite  sharply  marked  off 
from  each  other.  Though  gaseous  interchange  goes  on  far  more 
readily  through  the  pulmonary  membrane  than  anywhere  else, 
swallowed  oxygen  is  easily  enough  absorbed  from  the  alimentary 
canal  and  carbon  dioxide  given  off  into  it  ;  and  to  a  small  extent 
these  gases  can  also  pass  through  the  skin.  Though  water  is  excreted 
chiefly  by  the  skin,  the  pulmonai-y  and  the  urinary  surfaces,  and  on 
the  whole  atssorbcd  chiefly  from  the  digestive  tract,  there  is  no  surface 
which  in  the  twenty-four  hours  pours  out  so  much  water  as  the 
mucous  membrane  of  the  stomach.  Under  normal  cunditions,  it 
is  true,  by  far  the  greater  part  oi  this  is  reabsorbed  in  the  intestine. 
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i3(. — I>iAnRAM    OF    Absorp- 
tion AND  Excretion. 

Cart>on  c.  nitrogen  n.  hydrogen  A. 
and  uxyKcii  o.  L  represents  the  pul- 
monary surface  :  K.  the  surface  of 
the  renal  epithetiuui ;  A,  the  ali- 
mentary ran;il  ;  S,  the  skin. 
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pet  in  diarrhoea,  whether  natural  or  caused  by  purgatives,  the  intes- 

'ncs  themselves  may.  instead  of  absorbing,  contribute  largely  to  the 

ccrction  of  water.     Again,  although  the  solids  of  the  excreta  arc 

normally  ^ven  off  in  far  the  greatest  quantity  in  the  urine  and  faeces 

(only  part  of  the  latter  is  truly  an  excretion,  since  much  of  the  faeces 

of  a  mixed  diet  has  never  been  physiologically  inside  the  body  at  all), 

yet  salts  and  traces  of  urea  iu-c  constantly  found  in  the  sweat,  and 

salts  and  mucin  in  the  excretions  of  the  resnir?.tor\'  tract.     Kurther, 

although  the  solids  and  htpiids  of  the  food  arc  usually  taken  in  by 

the  alimentary  mucous  surface,  it  is  possible  to  cause  substances  of 

both  kinds  to  pass  in  through  the  skin  ;  and  a  certain  amount  of 

absorption  may  also  take  place  through  the  urinary  bladder.     So 

at  really  it  may  be  considered,  from  a  physiological  point  of  view, 

as  more  or  less  an  acci«lcnt  that  a  man  should  absorb  his  food  by 

dipping  the  villi  of  his  intestine  into  a  digested  mass^  r.ithcr  than 

by  dipping  his  fingers  into  properly  prepared  solutions,  as  a  plant 

'ips  its  roots  among  the  Ittpiids  and  solids  of  the  s^jil  :  or  th'.t  he 

ould  draw  air  into  organs  lying  well  in  the  interior  of  his  thorax, 

lead   of   letting  it   play  over   special   tliin    and   highly   vascular 

rtions  of  his  skin  ;  or  that  the  surface  by  which  he  excretes  urea 

oald  be  buned  in  his  loins,  instead  of  lying  free  upon  his  back. 

It  has  been  already  explained  that,  allliough  digestion  is  a 
icccssary  ])rcliminary  to  the  absorption  of  most  of  the  solids  of 
the  food,  we  are  not  to  suppose  that  all  the  food  must  be  digested 
before  any  of  it  begins  to  be  absorbed.  On  the  contrary,  the 
two  processes  go  on  together.  As  soon  as  any  peptone  has  been 
formed  from  the  proteids.  or  sugar  from  the  starch,  they  begin 
to  pass  out  of  the  alimentary'  canal  ;  and  by  the  lime  digestion 
is  over,  absorption  is  well  advanced. 

Even  in  the  mouth  it  has  already  begim,  and  it  is  continuefl 

with  far  greater  rapidity  in   the  stomach.     Here  some  of  the 

peptones,  sugar,  and  diffusible  substances  like  alcohol,  and  the 

extractives  of  meat,  which  form  an  imjxjrtant  part  of  most  thin 

,5ou|w  and  of  beef-tea,  are  undoubte<lly  absorbed.     Rut  it  is  in 

the   small    intestine   that   absorption   reaches   its   height.     The 

mucous   meml>rane   of    this    tube   differs    an    immense   surface, 

multiplied  as  it  is  by  the  valvule  conniventes,  and  studded  with 

innumerable  villi.    Here  the  whole  of  the  fat,   much   sugar, 

proteose  and  peptone,  certain  ]>roducts  of  the  further  action  of 

the  unlormed  and  formed  ferments  of  the  inti*stine  on  the  food, 

land  certain  constituents  of  the  bile  are  taken  in.     In  the  large 

^intestine,  as  has  been  already  said,  water  and  solulilc  salts  are 

chiefly  absorbed. 

What  now  is  the  mechanism  by  which  these  various  products 
fare  taken  tip  from  the  digestive  tube,  and  what  paths  do  they 
follow  on  their  way  to  the  tissues  ? 

Theories  of  Absorption. — Not  so  very  long  ago  it  was  sup|X>scd  by 

m^ny  that  the  processes  of  diffusion,  osmosis  and  filtration  offered  a 

^tolerably  complete  exj^lanation  of  physiological  al>sorption.     At  that 

itne   the  dominant  note  of  physiology  was  an  eager  appeal   to 
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chemistry  and  physics  to  '  come  over  and  help  it ' ;  and  as  new  facts 
were  discovered  in  these  sciences  tliey  were  applied,  with  a  confidence 
tliat  was  aimosl  naive,  to  the  problems  of  the  animal  organism.     The 
phenomena  of  the  passage  oi  liquids  and  dissolved  soUds  through 
animal  membranes,  upon  which  the  work  of  Graham  had  cast  so 
much  light,  seemed  to  find  their  parallel  in  the  absorptive  processes 
of  the   aHnicntar>^   canal.     And   when   dipestiou   was   more   deeply 
studied,  facts  apjicarcd  which  seemed  to  show  that  its  whole  drift 
was  to  increase  the  solubiUty  and  diffusibiUty  of  the  constituents  of 
the  food.     But  as  time  went  on.  and  more  was  learnt  of  the  pheno- 
mena f>i  absorption  and  the  powers  of  cells,  these  crude  physical 
tiieories  broke  down,  and  discarded  '  vitalistic  '  hypotheses  bcfi;an 
once  more  to  arouse  attention,     Then  came  the  recent  invcstifjations 
of  Dc  V'rics.  Van   'T  Hoif,  and  others  in  the  domain  of  molecnlar 
physics,  which  gave  to  our  notions  of  osmosis  the  precision  that  was 
wanted  before  its  relation  to  many  physiological  processes  could  be 
profitably  discussed.     At  the  present  time  it  must  be  admitted  that 
we  possess  no  explanation  of  absorption  which  is  more  than  a  con- 
fession of  ignorance,  and  docs  not  itself  need  ttj  lie  explained.     Some 
physiologists,    impressed    with   the    vast    progress   of    physics    and 
chemistry,  and  cs]>ecially  with  tlie  strides  that  have  recently  t>cen 
made  in  the  study  of  osmosis,  believe  that  as  our  knowledge  of  these 
sciences  increases,  it  will   become  iK>ssiblc  to  explain   on   physical 
principles  all  the  ]>ecLiliar  phenomena  wliich  we  observe  in  the  passage 
of  substances  through  the  walls  of  the  alimentary  canal.     Others, 
taking  account  of  the   number  and   nature  of   these   |>ecuharities, 
oppressed  with  the  perennial  paradox  of  vital  action,  incUne  to  the 
less  sanguine  view,  that  after  all  physical  explanations  liave  been 
exhausted,  the  rc<il  secret  of  the  cell  will  still  lurk  in  some  ultimate 
'  vital  '  property  of  structure  or  of  function,  and  still  elude  our  search. 
Both  the  optimist  and  the  pessimist,  the  adherent  of  the  physical 
and  the  adherent  of  the  vitalistic  hypothesis,  admit  that  the  pheno- 
mena of  absorption  are  essentially  connected  with  the  cells  that  line 
the  alimentary  canal.     And  the  one  must  confess  what  the  other  pro- 
claims, that  while  the  processes  carried  on  in  these  cells  are  definite, 
well  ordered,  and  evidently  guided  by  laws,  these  laws  have  jis  yet 
denied  lliemselves  to  the  modern  physiologist,  with  chemistry  in  one 
hand  and  physics  in  the  other,  as  they  denied  themselves  to  his  pre- 
decessor,  equipped  only  with   his  scalpel,   his  sharp  eyes,  and  his 
mother-wit.     bo  that  in  the  present  state  of  our  knowledge  all  wc 
can  really  Siiy  is  that,  while  absorjition  is  certainly  aided  by  ])hvsical 
prtKcsscs  like  osmosis,  it  is  at  bottom  the  work  of  cells  \\-ith  a  selective 
|xjwer  which  wc  do  not  understand,  and  which  is  probably  peculiar 
to  living  structures.     Thus,   dissolved  substances  pass  with  equal 
case  in  either  direction  through  an  ordiiuiry  diffusion  meml:>ranc,  but 
they  pass  in  general,  more  readily  out  of  the  intestine  than  into 
it.     When  the  cells  that  line  the  intestine  arc  injured  or  destroyed, 
or  subjected  to  the  action  of  certain  poisons,  absorption  from  it  is 
diminished  or  abolished.     And  in  their  nonnal  state  they  do  not  take 
up  indiscriminately  all  Idnds  of  diffusible  substances,   nor  absorb 
those  which  they  cio  take  up  in  the  direct  ratio  of  their  diffusibiUt>'. 
nor  do  they  reject  everything  which  docs  not  difTuse.     Albumin,  for 
example,  which  does  not  pass  through  dead  animal  membranes,  is  to 
a  certain  extent  taken  up  from  a  loop  of  intestine  without  change. 
Cane-sugar   and    dextrose   are   absorbed    more   rapidly    than    their 
velocity  of  diffusion  would  indicate,  when  compared  with  inorganic 
salts.     Glauber's  salt  diffuses  in  water  fifteen  times  as  fast  as  can&- 
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sugar,  but  cane-sugar  is  absorbed  frfini  the  intestines  ten  times  faster 
than  Glauber's  salt.  The  \clocity  of  absorption  is  different  even  (or 
simple  stereoisonieric  siigirs — i.^.,  sugars  whose  molecule,  with  the 
^Hsame  number  of  atoms  combined  in  the  same  way,  has  a  ditTcrent 
^Bform  (Nagano).  Nor  is  there  any  clear  relation  between  the  rate  of 
^^  absorption  of  the  various  sugars  and  their  osmotic  pressure.  Dex- 
trose and  cane-sugar  are  always  absorbed  in  greater  amount  tlian 
lactose  from  solutions  of  the  same  osmotic  pressure.  Even  the 
vatcr,  organic  and  inorganic  soUds  of  the  serum  of  an  animal,  are 
absiirbcd  from  a  loop  of  its  intestine  when  the  pressure  in  the 
capillaries  of  the  intestinal  wall  is  considerably  greater  than  in 
the  ca\'ity  of  the  gut.  Since  the  scrum  in  the  intestine  and  the 
plasma  in  the  capillaries  must  he  isotonic,  and  practically  identical 
in  chemical  composition,  the  absorption  cannot  be  due  to  ordinary 
osmosis  or  diffusion.  Nor  can  it  be  due  to  filtrntion,  since  the 
slope  of  pressure  is  from  the  capillaries  to  the  lumen  of  the  gut 
(Reid).  It  is  therefore  extremely  difficult  to  reconcile  this  experi- 
ment with  any  purely  physical  theory  of  absorption.  The  same 
investigator,  summing  up  the  result  of  careful  experiments  on  the 
absor^)tion  of  weak  solutions  of  glucose,  concludes  tliat  '  with  the 
intestinal  membrane  as  normal  as  tlie  experimental  procedure  will 
permit,  phenomena  present  themselves  which  are  as  distinctly 
opposed  to  a  simple  physical  explanation  as  those  previously  studied 
in  the  absorption  of  scrum.' 

But  if  it  be  true  that  the  action  of  the  columnar  epithelium  of  the 
intestinal  mucous  membrane  is  governed  by  a  secretive  and  selective 
power  that  makes  use  of  purely  physical  priX'csscs,  but  is  not 
mastered  by  them,  the  possibility  must  be  admitted  that  in  the  cells 
of  endothelial  type  which  line  the  serous  cavities,  the  lymphatics,  the 
bloodvessels,  the  alveoli  of  the  lungs,  and  the  Bowman's  capsules  of 
the  kidney  (p.  397).  the  element  of  secretion  is  less  marked,  and  more 
overshadowed  by  the  physical  factors.  And  it  may  very  plausibly 
be  urged  tliat  changes  of  considerable  physiological  complexity  can 
only  be  wrought  on  sut>stances  that  have  to  pass  through  a  cell  of 
considerable  depth,  while  a  mere  film  of  protoplasm  suffices  for,  and 
indeed  favours,  mechanical  filtration  and  diffusion.  We  have 
already  seen  (p.  228),  in  the  case  of  the  lungs,  thiit  whatever  the 
complete  explanation  may  be  of  the  gaseous  exchange  which  takes 
place  through  the  alveolar  membrane,  physical  diffusion  undoubtedly 
plavs  an  important  part.  We  shrill  sec.  too  (p.  408).  that  in  the  case 
of  the  kidney  the  endothelium  of  the  Bowman's  capsule,  although  by 
no  means  devoid  of  selective  power,  docs  soem  to  have  allotted  to  it 
a  simpler  t.isk  tlian  falls  to  the  share  of  the  '  rodded  '  epitheUum. 

Absorption  from  the  Peritoneal  Cavity,— Further,  it  has  been  stated 
that  intcrch.ingc  between  blood-serum,  circulated  artificially  in  the 
\cssel5  of  dogs  and  rabbits  which  have  been  dc;id  for  houra,  iind 
liijuids  introduced  into  the  peritone-*il  cavity,  is  essentiallv  the  same 
as  in  the  living  animal,  and  can  be  explained  on  purcfy  physical 
principles  (Hamburger).  But  there  is  one  experiment,  at  any  rate, 
which  is  certainly  difficult  so  to  explain — viz.,  tne  absorption  from  the 
peritoneal  cavity  of  sodium  chloride  solution  isotonic  with  the  blood- 
serum,  an  absorption  which  goes  on  with  considerable  rapithty. 
Starling  has  9upi>osed  that  this  is  due  to  the  circumstance  that  the 
proteids  of  the  scrum  exert  osmotic  pressure,  the  peritoneal  membrane 
Dcing  almost  or  altogether  imi>ermeablc  for  them  in  comparison  to 
its  permeability  for  the  salt  soluticms.  In  consetjuencc.  water  passes 
into  the  bloodvessels  from  the  peritoneal  cavity.     The  solution  thus 
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is  lower  than  Ihnt  of  the  solvent,  salt  water,  e.g.,  freezing  at  a  lower 
temperature  than  fresh  water.  The  amount  by  which  the  freezing- 
point  is  lowered  depends  on  the  molecular  conccntnition  of  the 
dissolved  substance,  to  which,  as  wc  have  seen,  the  osmotic  pressure 
i.^  also  proportional.  When  a  grammc-niolcculc  of  a  substance  is 
dissoh-ed  in  water,  and  the  volume  made  up  to  a  Hire,  the  freezing- 
point  is  lowered  by  1*86**  C  ;  the  osmotic  pressure  is  22*35  atmo- 
spheres (16,986  mm.  of  mercury).  U  is  thfrefore  easy  to  calculate 
the  osmotic  pressure  of  any  solution  if  wc  know  the  amount  by  which 
its  frcczing-ptjmt  is  lowered.  A  j  per  cent,  solution  o(  cane-sugar, 
for  example,  would  freeze  at  about  -  0*054°  C.     Its  osmotic  pressure 

=     J^  X  16,986=493  mm.  of  mercur>-, 

A  convenient  apparatus  for  making  freezing-point  measurements 
is  shown  in  Fig.  133.  The  details  of  the  method  arc  given  in  the 
Practical  Exercises,  p.  433. 

The  osmotic  pressure  of  different  solutions  may  also  be  compared 
by  observing  the  effect  produced  on  certain  vegetable  and  animal 
cells.  WTien  a  solution  with  a  greater  osmotic  ]>ressure  than  the 
ccU-sap  (a  hyperisotonic  solution)  is  left  for  a  time  in  contact  with 
certain  cells  in  the  leaf  of  Tfadescantia  discolor,  plasmolysii  occurs — 
that  is.  the  protoplasm  loses  water  and  shrinks  away  from  the  cell- 
wall.  If  the  osmotic  pressure  of  the  solution  is  lower  than  that  of 
the  coloured  ccU-sap  (hypoisoionic  solution),  no  shrinking  of  the 
protoplasm  takes  place.  By  using  a  number  of  solutions  of  the  same 
substance  but  oi  cfifferent  strength,  two  can  t>c  found,  the  stronger  of 
which  causes  j^lasmolysis,  and  the  weaker  not.  Between  these  lies 
the  solution  which  is  isotonic  wHth  the  cell-sap — that  is,  has  the  same 
molecular  concentration  and  osmotic  pressure.  The  strcngtn  of  an 
isotonic  solution  of  some  other  substance  can  then  be  determined  in 
the  same  way  with  sections  from  the  same  leaf. 

Animal  cells  (red  blood-corpuscles)  may  also  be  employed,  the 
liberation  of  ha'moj^lnbin  or  the  swelling  of  the  corpuscles,  as 
measured  by  ttiu  ha.'iualt>crite  (p.  jo),  beiny  taken  as  evidence  that 
the  solution  in  contact  with  them  is  hypoisoionic  to  the  contents  of 
the  corpuscles.  Here  wc  may  suppose  ttiat  the  impacts  of  the 
molecules  of  the  salts  of  the  corpuscle  on  the  inside  of  its  envelope, 
not  being  balanced  by  similar  impacts  on  the  oxitside,  tend  to 
distend  it,  and  thus  to  create  a  potential  vacuum  for  the  snrroimding 
water,  which  accordingly  enters.  If  the  corpuscles  shrink,  the  solution 
is  hyperisotonic  to  their  contents.  But  since  the  cells  arc  much  more 
l>crmcable  to  certain  substances  than  to  others,  this  method  does  not 
always  yield  trustworthy  results. 

Electrolytes.— We  have  said  that  the  osmotic  pressure  is  propor- 
tional to  the  concentration  of  the  sohilion,  but  this  statement  must 
now  be  qualified.  For  certain  comjjounds.  including  all  inorfi.mic 
salts  and  many  organic  substances,  the  osmotic  pressure  decreases 
less  rapidly  tlian  the  theoretical  molecular  concentration  as  the 
solution  is  diluted.  The  explanation  is  that  in  solution  some  of 
the  molecules  of  these  boflies  are  broken  up  into  simpler  groujjs 
or  single  atoms,  called  ions.  Kach  ion  exerts  the  same  osmotic 
pressure  as  the  molecule  did  before.  The  proportion  between  the 
average  number  of  these  dissociated  molecules  and  of  ordinary 
molecules  is  constant  (or  a  given  concentration  of  the  solution  and  a 
given  temperature.     But  as  the  solution  is  diluted,  the  proportion  of 
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dissociated  molecules  becomes  greater.     The  bodies  which  behave  in 
this  way  arc  electrolytes — that  is.  their  solutions  conduct  a  current  of 
ficctriciiy  ;  bo<lies  whi^jh  do  not  cxlubit  this  behaviour  do  not  con- 
duct in  sciliitiun.     And  there  are  many  reasuiis  for  bclieviny  tliat  the 
dissociation  uf  the  olcctrolytcs  is  the  essential  thinjj  in  electrolytic 
conduction.     Wc  may  sup|X)3C  that  in  a  soluiion  of  an  electrolyte — 
stjdium  chloride,   for  instance — a  certain  number  of  the   molecules 
fall  asunder  into  a  kation  <Na),*  carrying  a  charge  of  positive  elec- 
tricity, and  an  anion  (CI),  carrying  an  equal  ncgati\'e  charge.     These 
electrical  charges,  it  must  be  remembered,  arc  not  created  by  the 
passage  of  a  current  through  the  solutinn.     We  do  not  know  how 
they  arise,  but  the  ions  must  be  supposed  to  be  electrically  charged 
at  the  moment  when  the  molecule  is  broken  up.     And  the  ions  of 
different   substances    must   each    be   supposed    to   carry    the   same 
quantity  of  electricity.     But  since  they  are  all  wandermg  freely  in 
the  solution,  no  excess  of  negative  or  of  positive  electricity  can 
accumulate  at  any  part  of  it— in  other  words,  no  difference  of  poten- 
tial can  esust.     When  electrodes  connected  with  a  voltaic  battery 
are  dip^Kd  into  a  solutir>n  of  an  elcctrnlyte,  a  difference  of  potential, 
an  electrical  slope,  is  established  in  the  liquid,  and  the  positivelv 
charged  kations  are  compelled  to  wander  towards  the  negative  pole, 
the  negatively  charged  anions  towards  the  positive  pole.     In  tlus 
way  that  movement  of  electricity  which  is  called  a  current  is  main- 
tained in  the  solution.     It  is  clear  that  the  greater  the  number  of 
ions,  and  the  faster  they  move  in  the  solution,  the  greater  will  be 
the  quantity  of  electricity  carried  to  the  electrodes  in  a  given  time, 
when   the  difference   of   potential   between    the   clectrotlcs,   or   the 
steepness  of  the  electric  slope,  remains  constant.     In  other  words, 
the  specific  cofiductivity  of  a  solution  of  an  clectrolvtc  varies  as  the 
number  of  dissociated  molecules  in  a  given  volume  and  the  speed  of 
the  ions.     It  increases  up  to  a  certain  point  with  the  concentration, 
because  the  absolute  number  of  dissociated  molecules  in  a  given 
volume  incrcKises.     The  mohcular  conductivity — that  is,  the  conduc- 
tivity per  molecule,  or,  strictly,  the  ratio  of  the  siK.'cific  conductivity 
to  Uic  molecular  concentration,  increases  with  the  dilution,  liccause 
the  relative  number  of  disst>ciated  molecules,  as  compared  with  un- 
dissociated,  increases.     At  a  certain  degree  of  dihition  the  molecular 
conductivity  reaches  its  maximum,  for  all  the  molecules  are  dissoci- 
ated.    The  ratio  of  the  molecular  conductivity  of  any  given  s*3lution 
to  this  maximum  or  limiting  value  is  therefore  a  measure  of  the  pro- 
portion between  the  number  of  dissociated,  and  the  total  numl)er 
of  molccides.     The  molecular  conductivity  of  the  salt»>  dissolved  in 
the  liquids  of  the  animal  body,  for  the  degree  of  dilution  in  whicii  thev 
exist  there,  is  such  that  we  must  assume  them  to  be  for  the  most  i>;irt 
dissociated. 

Absorption  of  the  Food. — In  the  preceding  chapter  we  have 
traced  the  food  in  its  progress  along  the  alimentary  canal,  and 
sketched  the  changes  wrought  in  it  by  digestion.  We  have 
next  to  consider  the  manner  in  which  it  is  absorbed.  Then,  for 
a  reason  which  has  already  been  explained,  instead  of  following 
its  fate  within  the  tissues,  until  it  is  once  more  cast  out  of  the 

*  J,  I.  Thumsou  has  shown  that  the  chemical  atoms  must  he  assumed 
to  consist  oi  very  numerous  smaller  corpuscJ-s  or  particles  of  electricity 
called  electrons. 
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body  in  the  form  of  waste  products,  it  will  he  best  to  drop 
logical  order  and  pick  up  the  other  end  of  the  clue — in  other 
words,  to  ]iass  from  absorption  to  excrL'tH>n,  from  the  first  step 
in  metabolism  to  the  closing  act,  and  afterwards  to  return  and 
fill  in  the  interval  as  best  we  can. 

Comparative. — And  here,  first  of  all,  it  should  be  remembered  that 
the  cpithcUal  surfaces,  through  which  the  substances  needed  by  the 
organism  enter  it,  and  waste  products  leave  it,  arc.  physiologically  con- 
sidered, outside  the  body.  The  mucous  membranes  of  the  alimentary, 
respiratory,  and  urinary  tracts  arc  in  a  sense  as  much  external  as  the 
fourth  great  division  of  the  jjhysiological  surface,  the  skin.  The  two 
latter  surfaces  are  in  the  mammal  purely  excretory.  Absorption  is 
the  dominant  function  of  the  alimentary  mucous  membrane,  but  a 
certain  amount  of  excretion  also  goes  on  through  it.  The  pulmonary 
surface  both  excretes  and  absorbs,  and  that  in  an  equal  measure. 
But  it  is  by  no  means  necessary  tliat  the  surface  tliroiigh  which 

oxgyen  is  taken  in  and  gaseous 
waste  products  tpven  off  should  he 
buried  deep  in  the  body,  and  com- 
municate only  by  a  narrow  cliannel 
with  the  exterior.  In  the  frog  the 
skin  is  largely  an  absorbing  as  well 
as  an  excreting  surface ;  oxygen 
glasses  freely  in  through  it,  just  as 
carbon  dioxide  passes  freely  out. 
In  most  fishes,  and  many  other  gill- 
bearing  animals,  the  whole  gaseous 
interchange  takes  place  through 
surfaces  immersed  in  the  surround- 
ing water,  and  therefore  distinctly 
external.  In  certain  fornis  it  has 
even  been  shown  that  the  aliment- 
tary  canal  may  serve  conspicuously 
for  absorption  and  excretion  of 
gaseous,  as  well  as  liquid  and  soUd 
substances.  Still  lower  down  in 
the  animal  scale,  the  surface  of  a 
single  tul>e  may  jjerform  all  the 
functions  of  digestion,  absorption 
and  excretion.  Lower  still,  and 
even  this  tut>e  is  wanting,  and 
everything  passes  in  and  out 
through  an  external  surface  pierced  by  no  permanent  openings. 

Indeed,  even  in  man  the  functions  of  the  various  anatomical 
divisions  of  the  physiological  surface  are  not  quite  sharply  marked  off 
from  each  other.  Though  gaseous  interchange  goes  on  far  more 
readily  through  the  pulmonar\'  membrane  than  anywhere  else, 
swallowed  oxygen  is  easily  enough  absorbed  from  the  alimentary' 
canal  and  carbon  dioxide  given  off  into  it  ;  and  to  a  small  extent 
these  gases  can  also  pass  through  the  skin.  Though  water  is  excreted 
chiefly  by  the  skin,  the  pulmonary  and  the  urinar\'  surfaces,  and  on 
the  whole  absorbed  chiefly  from  the  digestive  tract,  there  is  no  surface 
which  in  the  twenty-four  hours  pours  out  so  much  water  as  the 
mucous  membrane  of  the  stomach,  fender  normal  conditions,  it 
is  true,  by  far  the  greater  part  of  this  is  reabsort>ed  in  the  intestine, 


Fir..     13). — DiAr.RAU    oi»    Anc^nnp- 
TioN  AND  Excretion. 

Carbon  c,  nitrogen  n.  hydrogen  h, 
and  oxygen  o.  1.  rcpre«rntft  thr  pnl- 
monary  surface  :  K,  the  surfat^e  of 
the  renal  eviilhe-Uum  ;  A.  the  all* 
mcatarv  canal  ;  S.  the  ftkin. 
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yet  in  diarrhcca,  whether  natural  or  caused  by  purgatives,  the  intes- 
tines themselves  may,  instead  of  absorbing,  contribute  largely  to  the 
excretion  of  water.  Again,  although  thn  solids  of  the  excreta  are 
normally  given  ofT  in  far  the  greatest  quantity  in  the  urine  and  fa?ces 
(only  part  of  the  latter  is  truly  an  excretion,  since  much  of  the  fseces 
of  a  mixed  diet  has  never  been  physiologically  inside  the  body  at  all), 
yet  salts  and  traces  of  urea  iire  constantly  found  in  the  sweat,  and 
<(alt5  and  mucin  in  the  excretions  of  the  respiratory  tract.  Further, 
although  the  solids  and  liquids  of  the  food  arc  usually  taken  in  by 
the  alimentary  mucous  surface,  it  is  possible  to  cause  substances  of 
both  kinds  to  pass  in  through  the  skin  ;  and  a  certi,in  amount  of 
absorjTtion  may  also  take  place  Ihrouf^h  the  urinary  bladder.  So 
that  really  it  may  be  considered,  fmm  a  physiolopcal  point  of  Wew, 
as  more  or  less  an  accident  that  a  man  should  alworb  his  food  by 
dipping  the  viUi  of  his  intestine  into  a  digested  mass,  rather  than 
by  dipping  his  fingers  into  pro|>crly  prepared  Mdutions,  as  a  plant 
dips  its  roots  among  the  liquids  and  solids  of  the  soil  ;  or  th^l  he 
should  draw  air  into  organs  lying  well  in  the  inti-Tior  of  his  thorax, 
instead  of  letting  it  play  o\er  si>ecial  thin  and  highly  vascular 
portions  of  his  skin  ;  or  that  the  surface  by  which  he  excretes  urea 
should  he  buried  in  his  loins,  instead  of  lying  free  upon  his  back. 

It  has  been  already  explained  that,  although  digestion  is  a 
necessary  preliminary  to  the  absorption  of  most  of  the  solids  of 
the  food,  we  are  not  to  suppose  that  all  the  food  must  be  digested 
before  any  of  it  begins  to  he  absorbed.  On  the  contrary,  the 
two  processes  go  on  together.  As  soon  as  any  j>eptone  has  been 
formed  from  the  proteids.  or  sugar  from  the  starch,  they  begin 
to  pass  out  of  the  alimentary  canal  ;  and  by  the  time  digestion 
is  over,  absorption  is  well  advanced. 

Even  in  the  mouth  it  lias  already  begun,  and  it  is  continued 
with  far  greater  rapidity  in  the  stomach.  Here  some  of  the 
peptones,  sugar,  and  diffusible  substances  like  alcohol,  and  the 
extractives  of  meat,  which  form  an  important  i>art  of  most  thin 
sou|>s  and  of  beef-tea,  are  undoubtedly  absorbed.  But  it  is  in 
the  small  intestine  that  absorjUion  reaches  its  height.  The 
mucous  membrane  of  this  tube  offers  an  immense  surface, 
multiplied  as  it  is  by  the  valvube  conniventes,  and  studded  with 
innumerable  villi.  Here  the  whole  of  the  fat,  much  sugar, 
j)roteose  and  |>eptone,  certain  products  of  the  further  action  of 
the  unformed  and  formed  ferments  of  the  intestine  on  the  food, 
and  certain  constituents  of  the  bile  are  taken  in.  In  the  large 
intestine,  as  has  l)een  already  said,  water  and  soluble  salts  are 
chiefly  absorbed. 

What  now  is  the  mechanism  by  which  these  various  products 
are  taken  tip  from  the  digestive  tube,  and  what  jjalhs  do  they 
follow  on  their  way  to  the  tissues  ? 

Theories  of  Absorption. — Not  so  very  long  ago  it  was  sup|H>sed  by 
many  that  the  pntcesses  of  diffusion,  osmosis  and  tiltration  offered  a 
tolerably  complete  explanation  of  pliN-siological  absorption.  At  that 
time  the  dominant  note  of  physiology   was  an  eager  appeal  to 
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chemistry  and  physics  to  *  come  over  and  help  it  * ;  and  as  new  facts 
were  discovered  in  these  sciences  they  were  applied,  with  a  confidence 
tliat  was  almost  naSvc,  to  the  problems  of  the  animal  organism.  The 
phenomena  of  the  passage  of  liquids  and  dissolved  solids  through 
animal  membranes,  upon  which  the  work  of  Graham  liad  cast  so 
much  light,  seemed  to  find  their  parallel  in  the  absorptive  processes 
of  the  alimcntar>'  canal.  And  when  digestion  was  more  deeply 
studied,  facts  apr>eared  which  seemed  to  show  that  its  whole  drift 
was  to  increase  the  solubility  and  diffusibility  of  the  constituents  of 
the-  food.  But  as  timo  went  on,  and  more  was  learnt  of  the  pheno- 
mena of  absorption  and  the  powers  of  cells,  these  crude  physical 
theories  broke  down,  and  discarded  '  vitaUstic  '  hy^wathescs  began 
once  more  to  arouse  attention.  Then  came  the  recent  investigations 
of  De  \'ries.  Van  'T  Hoff,  and  others  in  tlie  domain  of  molecular 
physics,  which  gave  to  our  notions  of  osmosis  the  jjrecision  that  was 
wanted  before  its  relation  to  many  physiological  processes  could  be 
profitably  discussed.  At  the  present  tune  it  must  be  admitted  that 
we  possess  no  explanation  of  absorption  which  is  more  than  a  con- 
fession of  ignorance,  and  does  not  itself  need  to  be  explained.  Some 
phj'siologists,  impressed  with  the  vast  progress  of  physics  and 
chemistry,  and  especially  with  the  strides  that  have  recently  been 
made  in  the  study  of  osmosis,  believe  that  as  our  knowledge  of  these 
sciences  increases,  it  will  become  jjossible  to  explain  on  physical 
principles  all  the  jieculiar  phenomena  which  we  observe  in  the  passage 
of  substances  through  the  walls  of  the  alimentary  canal.  Others, 
taking  account  of  the  number  and  nature  of  these  peculiarities, 
oppressed  with  the  ]>crennial  paradox  of  vital  action,  incline  to  the 
less  sanguine  Niew,  that  after  all  physical  explanations  have  been 
exhausted,  the  real  secret  of  the  cell  will  still  lurk  in  some  ultimate 
'  vital  *  projTcrty  of  structnre  or  of  f\mction,  and  still  elude  our  search. 
Both  the  optimist  and  the  iHJSsinust,  the  adherent  of  the  physical 
and  the  adherent  of  the  vitalistic  Jiypothesis,  admit  that  the  pheno- 
mena of  absorption  arc  essentially  connected  with  the  cells  that  line 
the  alimentary  canal.  And  the  one  must  confess  what  the  other  pro- 
claims, that  while  the  processes  carried  on  in  these  cells  are  definite, 
well  ordered,  and  evidently  guided  by  laws,  these  laws  have  as  yet 
denied  themselves  to  the  modern  physiologist,  with  chemistry  in  one 
hand  and  physics  in  the  other,  as  they  denied  themselves  to  his  pre- 
decessor, equipjxid  only  with  liis  scalpel,  his  sharp  eyes,  and  his 
mother-wit.  bo  that  in  the  present  state  of  our  knowledge  all  we 
can  really  say  is  tliat,  while  absorption  is  certainly  aided  by  physical 
processes  like  osmosis,  it  is  at  bottom  the  work  of  cells  with  a  selective 
power  wliich  wt  do  not  understand,  and  which  is  probably  peculiar 
to  li\-ing  structures.  Thus,  dissolved  substances  pass  witn  equal 
ease  in  cither  direction  tlirough  an  ordinary  diffusion  membrane,  but 
they  i^ass  in  general,  more  readily  out  of  the  intestine  than  into 
it.  When  the  cells  that  line  the  intestine  are  injured  or  destroyed, 
or  subjected  to  the  iiction  of  certain  poisons,  absorption  from  it  is 
diminished  or  abolished.  And  in  their  normal  state  they  do  not  take 
np  indiscriminately  all  kinds  of  diilusible  substances,  nor  absorb 
those  which  they  do  take  up  in  the  direct  ratio  of  their  diffusibility, 
nor  do  they  reject  everything  which  does  not  diffuse.  Albumin,  for 
example,  which  docs  not  pass  throx>gh  dead  animal  membranes,  is  to 
a  certain  extent  taken  up  from  a  loop  of  iutcstinc  without  change. 
Cane-sugar  and  dextrose  are  absorbed  more  rapidly  than  their 
velocity  of  diffusion  would  indicate,  when  compared  with  inorganic 
salts.     Glauber's  salt  dilTuses  in  water  fifteen  times  as  fast  as  rnne 
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»tigar,  but  cane-sugar  is  absorbed  from  the  iatcstinas  ten  times  faster 
than  Glauber's  salt.  The  velocity  of  absorption  is  diflercnt  even  for 
simple  stereoisomcric  sugars — i.e.,  sugars  whose  molecule,  with  the 
same  number  of  atoms  combined  in  the  same  way.  has  a  different 
form  <  Nagano).  Nor  is  there  any  clear  relation  bet\veen  the  rate  of 
absorption  uf  the  various  sugars  and  tlicir  osmotic  pressure.  Dex- 
trose and  cane-supar  arc  always  absorbed  in  greater  amount  thiin 
lactose  from  solutions  of  the  same  osmotic  pressure.  Even  the 
water,  organic  and  inorganic  solids  of  the  scrum  of  an  anima!,  are 
absorbed  from  a  loop  of  its  intestine  when  the  pressure  in  the 
capillaries  of  the  intestinal  wall  is  considerably  greater  tlian  in 
the  ca\it>'  of  the  gut.  Since  tlic  scrum  in  the  intestine  and  the 
plasma  in  the  capillaries  must  be  isotonic,  and  practically  identical 
in  chemical  composition,  the  absorption  cannot  be  due  to  ordinary 
osmosis  or  diffusicm.  Nor  can  it  be  due  to  filtration,  since  the 
slope  of  pressure  is  from  the  capillaries  to  the  lumen  of  the  gut 
(Reid).  it  is  therefore  extremely  difhcult  to  reconcile  this  experi- 
ment with  any  purely  physical  theory  of  absorption.  The  same 
investigator,  summing  up  thr  rt'sult  of  careful  experiments  on  the 
abBor])tion  of  wc-ik  solutions  nf  ^hicose,  concludes  that  '  with  the 
intestinal  membrane  as  normal  as  the  experimental  procedure  will 
l>crrait,  phenomena  pres<?nt  themselves  which  are  as  distinctly 
opposed  to  a  simple  physical  explanation  ;is  those  previously  studied 
in  the  absorption  of  scrum.' 

But  if  it  be  true  that  the  action  of  the  columnar  epithelium  of  the 
intestinal  mucous  membrane  is  governed  by  a  secretive  and  selective 
power  that  makes  use  of  purely  physical  processes,  but  is  not 
mastered  by  them,  the  possibility  must  be  admitted  that  in  the  cells 
of  endothelial  Uyc  which  line  the  serous  cavities,  the  lymphatics,  the 
bloodvessels*  the  alveoU  of  the  lungs,  and  the  Bowman's  capsules  of 
the  kidney  (p.  397),  the  element  of  secretion  is  less  marked,  and  more 
overshadowed  by  the  physical  factors.  And  it  may  very  plausibly 
be  urged  that  changes  of  considerable  physiological  complexity  can 
only  be  wrought  on  substances  that  have  to  pass  through  a  cell  of 
considerable  depth,  while  a  mere  film  of  protoplasm  suffices  for,  and 
indeed  favours,  mechanical  fUtratton  and  ditfusiim.  We  have 
already  seen  (p.  228),  in  the  case  of  the  lungs,  tliat  whatever  the 
complete  explanation  may  be  of  the  gaseous  exchange  which  takes 
place  througn  the  alveolar  membrane,  physical  diffusion  undoubtedly 
plays  an  important  part.  We  shall  see,  too  {p.  408),  that  in  the  case 
of  the  kidney  the  endotheUum  of  the  Bowman's  capsule,  although  by 
no  means  devoid  of  selective  power,  docs  seem  to  nave  allotted  to  it 
a  simpler  task  llwn  falls  to  the  share  of  the  '  rodded  '  epithelium. 

Absorption  from  the  Peritoneal  Cavity. — Further,  it  has  been  stitctl 
that  interchange  between  blood-scrum,  circulated  artificially  in  the 
vessels  of  dogs  and  rabbits  which  have  been  dead  for  houri.  iuid 
liquids  introduced  into  the  peritoneal  cavity,  is  essentially  the  same 
as  in  the  living  animal,  and  can  be  explained  on  purely  physical 
principles  (Hamburger).  But  there  is  one  experiment,  at  any  rate, 
wluch  is  certainly  difficult  so  to  explain — viz.,  the  absorption  from  the 
peritoneal  cavity  of  sodium  chloride  solution  isotonic  with  the  blood- 
serum,  an  absorption  which  goes  on  with  considerable  rapidity. 
Starling  has  supposed  that  this  is  due  to  the  circumstance  that  the 
nrotcids  of  the  scrum  exert  osmotic  pressure,  the  peritoneal  membrane 
being  almost  or  altogether  impennciiblc  for  them  in  comparison  to 
its  permeability  for  the  sidt  solutions.  In  consequence,  water  passes 
into  the  bloodvessels  from  the  peritoneal  cavity.     The  solution  thus 
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becomes  more  concentrated  as  regaids  sodium  chloride,  some  of 
which  accordingly  enters  the  blood  by  difiusioa,  and  so  on.  But 
Rcid  has  shown  tliat  the  native  protcids  show  no  measurable  osmotic 
pressure  when  carefully  tested.  Kven  isotonic  serum  is  absorbed 
from  the  peritoneal  cavity,  and  it  seems  to  savour  of  special  pleading 
to  suggest,  as  has  been  done,  that  this  takes  place  through  the 
lymphatics,  and  not  at  all  through  the  bloodvessels. 

Up  to  a  certain  point  an  increase  in  the  intraperitoneal  pressure 
favours  absorption,  but  beyond  tliis  it  hinders  it  oy  interlenns  with 
the  circulation.  The  removal  of  a  portion  of  the  fluid  in  this  con- 
dition f-'iciUtatcs  the  absorption  of  the  rest — a  fact  which  has  long 
been  ^ipplicd  in  the  operation  of  tapping.  Ligation  of  the  thoracic 
duct  has  little  effect  on  the  fate  of  liauids  injected  into  serous  cavities, 
since  the  bloodvessels  play  the  rhiel  part  in  their  absorption,  just  as 
strychnia^  when  injected  under  the  skin — i.e.,  into  the  lymph-spaces 
of  areolar  tissue — is  taken  up  by  the  blood  and  does  not  appear  in 
the  lymph. 

But  even  if  wc  admit  that  subst^uices  can  pass,  by  ph>'5ical 
processes  aluae,  from  serous  caWties  into  the  blood,  and  from 
the  blood  into  serous  cavities,  it  is  still  necessary  to  inquire 
whether  anything  else  is  concerned  in  the  formation  of  the  Ijinph  ; 
all  the  more  as  the  recent  researches  of  Ashcr  throw  grave  doubt 
on  the  common  view  that  these  sacs  are  merely  expanded  lymph 
spaces,  and  indicate  that  the  liquid  found  in  them  has  a  dittcrcnt 
origin  from  lymph.  In  all  probabihty,  wc  ought  to  distinguish  the 
lymph  as  we  collect  it  from  the  great  lymphatic  trunks,  not  only 
from  the  liquids  of  the  serous  ca\-ities,  but  still  more  sharply  from 
the  liquid  which  fills  the  multitudinous  clefts  and  spaces  of  the 
tissues.  It  is  not  definitely  known  whether  the  tissue  spaces  com- 
municate by  actual  passages  with  the  lymphatic  vessels,  or  whether 
the  latter  form  evcr\'whcre  a  closed  system  like  the  blood-vascular 
system.  If  they  form  a  closed  system,  the  lymph  cannot  t>e  actual 
tissue  fluid,  but  only  tissue  fluid  modilied  by  its  passage  through  the 
walls  of  the  Ivmph  capillaries,  just  as  tissue  fluid  is  notactual  blood- 
serum,  but  scrum  modified  l>y  its  passage  thronpli  the  walls  of 
the  hlood  capillaries. 

Formation  of  Lymph. — The  teaching  of  Ludwig,  that  lymph 
is  formed  by  the  filtration,  and  in  a  minor  degree,  diffusion,  of 
the  constituents  of  blood-plasma  through  the  walls  of  the 
capillaries  into  the  tissue  spaces,  was  IxLsed  on  such  facts  as  the 
increase  in  the  tissue  liquid  of  a  limb  or  organ  which  occui-s  when 
the  exit  of  blood  from  it  by  the  veins  is  hindered,  or  when  the 
quantity  of  the  circulating  liquid  is  increased  by  the  injection  of 
blood  or  salt  solution.  It  w;is  first  seriously  railed  in  question 
by  Heidenhain,  who  advanced  the  theory  that  lymph  is  secreted 
by  the  capillary  cndothelimn.  One  of  Heidenhain's  strongest 
arguments  in  favour  of  his  secretion  theon,-  was  the  existence 
of  substances  whidi.  wlirn  injectefl  into  the  blood,  increased  the 
flow  of  lymph  from  llie  iluuarlr  duct  of  the  dog  without  affecting 
appreciably  the  arterial  ])rcssure.  He  divided  these  so-called 
lympha^ogurs  into  two  classes:  (i)  substances  like  j)eptone, 
extracts  of  the  head  and  liver  of  the  leech,  extract  of  crayfish 
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musde,  egg-albumin,  etc.,  which  cause  not  on]y  an  increase  in 
the  rate  of  flow,  but  an  increase  in  the  specific  gravity  and  total 
solids  of  the  lymph ;  (2)  crystalloid  substances,  like  sugar,  salt, etc., 
which  cause  an  increased  fiow  of  lynipli  more  watery  than  normal. 
Starling  has  shown  that  although  the  lyniphagogues  of 
the  second  class  do  not  raise  the  arterial  pressure,  they  do, 
by  attracting  water  from  the  tissues  and  thus  caxising  hydrfcmic 
plethora  (an  excess  of  blood  of  low  specific  gravity),  brinR  about 
a  marked  rise  of  venous,  ami  therefoie,  wliat  is  the  im]Mvrtant 
Ihiug  for  lymph  filtration,  of  caiiillary  pressure.  But  it  can  be 
demonstrated  that  vaso-dilatation  with  increase  of  cai>illary 
pressure  is  not  in  itself  sufficient  to  increase  the  formation  of 
lymph.  We  have  seen,  t'.g. 
(p.  146).  that  when  the  chorda 
tympani  nerve  is  stimulated  the 
arterioles  of  the  gland  are  dilated, 
and  no  doubt  the  pressure  in 
the  eapiltaries  is  increased.  The 
increased  flow  of  lymph,  how- 
ever, which  takes  place  from  the 
submaxillary  lymphatics  during 
excitation  of  the  chorda  does  not 
depend  directly  on  the  vaso- 
dilatation, any  more  than  the 
increased  flow  of  saliva  does. 
For  when  the  chorda  is  stimu- 
lated atter  the  administration  of 
atropia,  the  bloodvessels  are  di- 
lated as  before,  but  there  is 
no  flow  either  of  saliva  or  of 
lymph.  Also,  after  division  or 
embolism  of  the  medulla  oblon- 
gata, and  consequent  paralysis 
of  the  vaso-motor  centre  and 
gaieral  vascular  dilatation,  it  is  stated  that  the  injection  of 
sodium  chloride  pr«xluces  an  increase  in  the  lymph  flow  as  great 
and  as  durable  as  in  the  noimal  animal,  and  which  ran  con- 
tinue even  after  death  (Pugliese).  The  action  of  the  lirst  cJass 
of  lymphagogues,  which  cannot  be  explained  as  the  conse- 
quence of  an  increase  of  capillary  presstirc.  bcraiLse  the  pressure 
in  the  capillaries  is  not  consistently  incre:ised.  and  may  eveni  in 
the  case  of  some  of  these  lymphagogues  l>e  diminished,  Starling 
attritmtes  to  an  injurious  cfilcct  on  the  capillary  endothelium 
(and  especially  on  the  endothehum  of  the  ciipillaiies  of  the  liver, 
since  nearly  the  wholt:  of  the  increased  lymph-flow  romes  from  that 
organ),  which  increases  its  pcrmeabihty.     Starling's  explanation 


Fig.   isy — Vertical  Section  of  a 
Villus  :  Cat.      x  300. 

a.  layif  uf  columnar  cpitheliuni 
covering  the  villu*— the  out«  «dgc 
of  ihe  cells  is  striated  ;  b.  cenlriil 
lacteal  of  villus;  c,  un^triped  iiius- 
cular  Abres :  U,  iuuciu-fi>nDing 
goblet -cfU. 
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is  supported  by  various  facts,  but  it  is  not  easy  to  distinguish 
an  increase  of  permeability  produced  by  lymphagogues  from 
an  increase  of  secretive  activity  of  the  endothelial  cells. 

Hamburgerj  too,  has  brought  forward  results  which  it  is 
difficult  to  reconcile  with  a  theory  of  filtration  even  for  the 
second  class  of  lymphagogues.  Further,  Heidenhain  has  shown 
that  some  time  after  injection  of  a  crystalloid  substance,  like 
sugar,  into  tliu  blotxi,  a  greater  percentage  of  the  substance  may 
be  foum!  in  the  Unniph  than  in  the  blood.  Now,  when  a  mixture 
of  crystalloids  and  colloids  is  filtered  through  a  thin  membrane, 
the  jwrccntage  of  crystalloids  in  the  filtrate  is  never,  at  most, 
greater  than  in  the  original  liquid.  And  although  Cohnstein 
states  that  if  time  enough  be  allowed,  the  maximum  concentra- 
tion of  sodium  chloride  in  the  lymph,  after  intravenous  injection, 
becomes  approximately  the  same  as  the  maximum  in  the  blood, 
this  fad  l(>ses  its  weight  as  an  argument  in  favour  of  the  filtra- 
tion hypothesis  when  we  remember  that,  according  to  Asher,  all 
the  solids  of  the  iymph  are  markedly  increased  when  even  small 
quantities  of  crystalloids  are  injected  into  the  veins.  Lazarus- 
Barlow  found,  too,  dial  the  maximum  outflow  ol  lymph  from 
the  thoracic  duct  does  not  occur  at  the  time  of  maximum  intra- 
venous pressure,  and  that  in  the  great  majority  of  his  experi- 
ments the  injection  of  a  concentrated  solution  of  sodium  chloride., 
glucose  or  urea  into  a  vein  was  fallowed,  not  by  an  initial  diminii- 
tion  in  the  out  How  of  lymph  (as  might  have  been  expected  it 
the  exchange  of  water  between  the  blood  and  the  tissue  spaces 
was  regulated  solely  by  differences  in  osmotic  pressure),  but  by 
an  immediate  increase. 

!  t  is  hardly  to  l>e  supposed  that  the  liquid  lying  in  tissue  sjiaces, 
part  of  whose  lx)unda.ry  is  formed  by  the  endothelial  cells  of 
blood  capillaries  and  another  t>art  by  the  cells  of  the  organs, 
should  be  affected  solely  by  the  one  or  the  other.  While  an 
active  exchange  exists  between  the  tissue  liquid  and  tlie  blood 
an  exchange  of  great  imix>rtance  also  takes  place  between  the 
tissue  liquid  and  the  tissue  cells.  The  recent  researches  of  Asher 
and  his  puj^ils  have  thrown  light  upon  the  relation  l>etween  the 
physiological  activity  of  the  organs,  and  especially  of  the  glands, 
and  the  formation  of  tlie  lym[)]i.  Starling  with  the  fact  that 
defibrinated  lymph  injected  into  the  carotid  artery  of  a  dog  i>ro- 
duces  marked  effects  on  the  circulation  (Traubc-Hering  cur\''cs 
(p.  230).  paralysis,  or  in  some  cases  stimulation  of  the  vagus), 
and  that  these  effects  are  not  produced  by  defibrinated  blood, 
they  conclude  that  the  common  doctrine  that  lymph  is  simply 
a  diluted  blood-plasma  is  erroneous,  and  attribute  the  toxic  effects 
to  products  of  the  metabolism  r>f  the  tissues  which  have  found 
their  way  into  the  lymph.     To  the  lymph-glands  they  assign  the 
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fonctjon  of  transforminfj  these  toxic  bodies  into  harmless  sub- 
stances. Lymi>b,  Ihey  say,  far  from  being  a  mere  filtrate  or 
even  a  secretion  from  the  blood,  is  formed  by  the  activity  of  the 
organs,  and  may  actually  be  absorbed  by  the  blood  from  the 
tissue-spaces.  In  fact,  according  to  their  view,  th*^  intravenous 
mjection  of  lymphagogues,  both  crystalloid  and  cuUoid,  only 
causes  an  increased  flow  of  lymph  in  so  far  as  it  leads  to  increased 
glandular  secretion.  The  injection  of  bile  or  bile-salts  (sodiujn 
taurocholate),  for  instance,  is  followed  by  a  greatly  increased 
secretion  of  bile,  and  with  this  increase  in  the  work  of  the  liver 
is  associated  tlie  production  of  a  greater  quantity  of  lymph  by 
its  cells.  Similarly,  secretin  causes  a  flow  of  lymph  from  the 
lymphatics  of  the  }vincreas,  as  well  as  a  flow  of  panrreatic 
juice.  On  the  other  liand,  peptone,  a  noted  lymphagogue, 
produces  no  effect  on  the  flow  of  bile  if  the  gall-bladder  be 
emptied  or  the  cystic  duct  tied  before  the  injection.  State- 
ments to  the  contrary  are  due  to  contraction  of  the  gall-bladder 
and  expulsion  of  its  contents  caused  by  the  peptone.  But  we 
ly  safely  assume  that  the  artivity  of  the  organs  does  make 
'contribution  to  the  Iymi»h,  although  to  say  that  they  alone 
are  concerned  in  its  formation,  to  the  exclusion  of  the  capillaries, 
is  doubtless  an  over-statement  of  the  part  played  by  them. 
The  waste-products  of  the  tissues  pass  into  the  lymph,  and 
|x)ssibly,  as  Koranyi  suggests,  by  increashig  its  molecular 
concentration  cause  the  passage  of  water  into  it  from  the 
blood.  Or  the  decomposition  of  the  large  proteid  molecules, 
which  in  tissue  metabolism  are  breaking  down  into  numerous 
smaller  molecules,  causes  an  increase  of  osmotic  pressure  in  the 
cells  themselves,  and  this  in  turn  leads  to  withdrawal  of  water 
by  the  cells  from  the  tissue  liquiti.  The  osmotic  pressure  of  the 
liquid  thus  rises,  and  water  passes  into  the  tissue  spaces  from 
the  blood.  Tlie  molecular  concentration  of  lymph  is  in  general 
stmicwhat  greater  than  that  of  blcKxi-serum,  e.g.,  in  one  observa- 
tion A  of  senun  was  0605°  C,  and  of  IvTujih  oGio"  C.  For  the 
solid  tissues,  the  freezing-jjoint  of  which,  however,  cannot 
be  as  satisfactorily  determined  as  that  of  liquids,  the  following 
values  of  A  were  obtained:  Hrain,  0*65'^;  nmsde.  o*08'^' :  kidney, 
0-94^ :  liver,  0-97°;  whiJc  for  hlotjd  it  was  0'57''  (Sabbatani). 

Although  it  is  customary'  to  speak  ol  l^mph  as  if  it  were  |>er- 
fectly  homogeneous,  there  is  no  experimental  ground  for  sup- 
|X>sing  that  the  tissue  liquid  in  contact  with  the  cells  of  different 
organs,  or  even  the  lissiie  liquid  in  contact  with  one  and  the  same 
cell  at  different  parts  of  its  periphery',  has  a  uniform  compo- 
sition, or  even  a  uniform  molecular  concentration.  There  are 
[eed  certain  general  considerations  which  show  that  this 
lot  be  so. 
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To  sum  up,  we  may  say  thai  while  it  Jtas  been  made  out  that  the 

physical  processes  of  fiJiralion,  osmosis  and  diffusion  do  play  a 
part  in  the  passage  of  water  and  solids  through  the  walls  of  the 
capillaries^  and  from  the  tissue  cells  into  the  lymph  spaces,  there 
is  much  which  they  leave  unexplained,  and  which  at  present^  for  the 
want  of  a  more  precise  tcrtn,  wc  must  attribute  to  secretory  activity. 

Although  no  definite  li^Tuph  -  secretory  nerve-fibres  have  as 
^'et  been  discovered,  it  is  possible  that  they  exist  (Sihler).  We 
have  already  menliuned  the  striking  parallelism  between  the 
formation  of  saliva  and  the  formation  of  lymph  in  the  sub- 
maxillary- j^land.  On  what  princijile  shall  we  distinguish  one 
only  of  these  j^ifocesscs  as  jihysiolo^ical  secretion  ?  They  hc^in 
together  when  the  chorda  tym[iani  is  stimulated.  A  dnig  which 
paralyzes  secrettJiy  nerve-endings  abolislies  both  effects.  The 
simplest  explanation  is  that  the  chorda  contains  secretory  fibres 
which  influence  the  formation  both  of  saliva  and  of  lymph ;  and, 
so  far  as  this  experiment  goes,  it  is  just  as  logical  to  consider  the 
increase  in  the  supply  of  lymj^h  as  the  cause  of  the  increase  in 
the  flow  of  saliva  as  to  consider  the  increased  salivary  secretion 
as  the  cause  of  the  increased  lymph  flow.  The  increased  flow 
of  lymph  may  he  lirought  alx>ut  either  by  an  action  of  the  nerve 
on  tlie  gland  ceils  directly,  or  by  an  action  on  the  capillary 
endothelium.  The  advantage  to  cells  engaged  in  the  active 
secretion  of  saliva  of  being  immersed  in  an  abundant  lymph 
bath  is  obvious.  The  post-mortem  f!ow  of  lymph,  which 
may  continue  in  some  cases  long  after  complete  cessation  of 
the  circulation — for  as  much  as  four  hours  after  injection  of 
extract  of  the  strawberry,  which  is  a  lymphagogue  of  Heiden- 
hain's  first  group  (Mendel  and  Hookcr)~is  a  i>hcnomcnon  of 
the  same  kind  as  the  post-mortem  flow  of  saliva  and  other  secre- 
tions, a  phenomenon  which  cannot  be  exf)lained  on  any  theory  of 
physical  tiltration,  although  osmotic  processes  can  doubtless 
play  a  part. 

It  ou^ht  to  b«  remembered  in  this  whole  discussion  that  the 
epithcliiun  of  ordinary  glands  derives  its  supplies  of  material 
from  the  lymph.  Tlie  vicissitudes  of  blood-pressure  affect  it 
only  in  a  secondary  and  indirect  manner.  On  the  other  hand, 
the  endothelial  cells  of  the  capillaries  are  in  direct  contact  with 
the  blood.  And  it  is  interesting  to  observe  that  in  Ibis  resj^ect 
the  glomeruli  of  the  kidney  and  the  alveoli  of  the  lungs  (if  the 
endothelial  lining  oi  Bowman's  capsule  and  the  alveolar  mem- 
brane are  assumed  to  be  complete)  take  a  middle  place  between 
the  glands  projier  and  the  quasi-glandular  capillaries. 

Absorption  of  Fat.  — It  has  l>een  already  mentioned  that  fat 
is  split  up  in  the  intestine  into  glycerine  and  fatty  acids,  but  it 
has  been  a  subject  of  discussion  whether  it  all  undergoes  this 
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change  or  only  a  portion  of  it.  The  common  view  has  long  been 
that  the  greater  part  of  the  fat  escapes  decomj)osition,  and, 
after  emulsiliration  by  the  soaps  formed  from  the  liberated  fatty 
acids.,  is  absorbed  as  neutral  fat  hy  the  epithelial  ceils  covering 
the  villi.  If  an  animal  is  killed  durinf<  digestion  of  a  fatty 
meal,  these  cells  are  found  to  rontain  ^lobuJes  of  different  ^izes, 
which  stain  black  with  osmic  acid,  are  dissolved  out  by 
ether,  leaving  vacuoles  in  the  cell  substance,  and  are  therefore 
fat  (Fig.  136).  It  has  always  been  difruult  to  explain  how 
droplets  of  emulsified  fat  could  get  into  the  interior  of  the 
epithehal  celb,  and  yet  it  certainly  passes  into  them,  and  not 
between  them.  When  fat  is  found  in  the  cement  substance 
between  the  ct*lls,  it  has  been  mechanically  squeezed  out  of 
them  by  the  shrinking  of  the  villi  in  jueparation.  This  difficulty 
is  obviated  if  we  supix)se  that  the  whoJe  of  the  fat  is  split  up  in 
the  intestine,  the  products  being 
absorbed  in  solution,  the  glycerine 
as  such,  and  the  fatty  acids  either 
as  soaps  or  in  the  free  state,  or 
partly  free  and  partly  saponified. 
If  this  is  the  true  theory — and 
the  evidence  of  its  truth  has  of 
late  years  been  continually  grow- 
ing— neutral  fat  must  again  be 
built  up  in  the  epi  thelial  cells 
from  the  absorbed  glycerine  and 
the   fatty  acids  or  soaps.     Now,   '•'"c.  136.— Mucot;s  Mimbramk  of 

,t  has  been  shown  that  when  an      rorJro^'l^V^r.ScXr).  ^'^ 

animal    is   fed   with    fatty   ands 

they  are  not  only  absorbed,  but  ,  '5'  ''PJiheUal  -^il^ .-  str   striated 

-^  .      ^   e         •       t         I     I      border  ;  C,  Uinpn  corpustlwi  ;  /,  lac- 

appear  as  neutral  fats  m  the  chyle  teal, 
of  the  thoracic  duct,  having  com- 
bined with  glycerine  in  the  intestinal  wall  ;  and  the  epithelial 
cells  contain  globules  of  fat.  just  as  they  do  when  the  animal 
is  fed  with  neutral  fat.  Further,  it  is  known  that  fat-splitting 
goes  on  in  the  alimentary  canal  to  a  much  greater  extent 
than  would  be  necessar>-  merely  for  the  formation  of  a  quantity 
of  soap  sufficient  to  emulsify  the  whole  of  the  fat  in  the 
food.  Indeed,  at  certain  stages  of  digestion  most  of  the 
fatty  material,  Ixith  in  the  small  and  large  intestine,  has  been 
found  to  consist  of  fatty  acids.  To  clinch  the  matter,  it  has 
been  proved  that  when  mixtures  of  paraffin  and  fat,  which  tan  be 
emulsified  in  a  water)^  solution  of  siwiium  carbonate,  are  eaten,  the 
paraffin  is  completely  excreted  with  the  fa-ces,  while  the  greater 
part  of  the  fat  is  absorbed.  And  fatty  substances  which  are 
uot  easily  split  up  and  saj^)onified  (for  example,  lanolin,  the  fat  of 
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sheep's  wool,  a  mixture  of  compounds  of  fatty  acids  with 
cholcsterin  and  allied  bodies)  arc  not  absorbed  even  when 
they  are  easily  eiiiLilsilieti.  I'lveri  fats  with  a  melting-]>4)int 
far  alx)ve  the  temperature  of  the  body  can  be  absorbetl  after 
being  split  up.  The  palmitate  of  cetyl  alcohol,  the  cliief  con- 
stituent of  spermaceti,  melting  at  53°  C,  was  absorbed  to  tJie 
extent  of  15  per  cent.,  85  per  cent,  bein^  excreted  in  the  f^ces. 
It  appeared  as  pahnitin  in  tlie  chyle  of  a  hoinau  bciny  flowing 
from  a  fistula,  the  palmitic  acid  hav'ing  been  absorbed  as  such, 
or  as  a  sodium  soap,  and  having  then  united  with  glycerine  to 
form  the  neutral  fat,  palmitin. 

Some  observers  have  endeavoured  to  show  that  the  fat  is 
absorbed  without  change  by  introducing  into  the  intestine  fat 
stained  with  various  dyes.  The  stained  fat  was  found  in  the 
epithelial  cells  of  the  villi,  in  the  lacteals.  and,  in  the  case  of  a 
patient  suffering  from  chyluria,  in  tlie  urine.  But  tliis  evidence 
is  not  conclusive,  for  it  has  been  shown  that  the  pigments  might 
easily  have  been  absorbed  after  decomijosition  of  the  fat,  since, 
although  insoluble  in  water,  they  were  all  soluble  I0  some  extent 
in  the  intestinal  contents. 

As  already  pointed  out,  the  bile  plays  an  important  part  in 
the  solution  of  the  fatty  acids,  which  may  form  loose  compounds 
with  the  amide  group  of  the  bile-acids.  In  these  loose  combina- 
tions, soluble  in  water,  the  fatty  acids  can  be  absorbed  from  the 
intestinal  contents  (Pfliiger). 

Leucocytes  have  been  asserted  to  be  the  active  agents  in  the 
absorption  of  fat.  They  have  been  described  as  pushing  their 
way  between  the  epithelial  cells,  fishing,  as  it  were,  for  fatty 
particles  in  the  juices  of  the  intestine,  and  then  travelling  back 
to  discharge  their  cargo  into  the  lyiuph.  This  view,  however, 
is  erroneous.  But  although  tlie  leucocytes  do  not  aid  in  the 
absorption  of  fat  from  the  intestine,  they  appear  to  take  it  up 
from  the  epithelial  cells,  conveying  it  thro\igh  the  spaces  of  the 
network  of  adenoid  tissue  that  occupies  the  interior  of  the  villus, 
to  discharge  it  into  the  central  lacteal,  where  it  mingles  with  the 
lymph  and  forms  the  so-called  molecular  basis  of  the  chyle,  A 
part  of  the  fat  reaches  the  lacteal  in  another  way.  The  con- 
traction of  the  smooth  muscular  fibres  of  the  villus  and  the 
peristaltic  movements  of  the  intestinal  walls  alter  the  capacity 
of  the  lacteal  chamber,  and  so  alternately  fill  it  from  the  lymph 
of  the  adenoid  reticulum,  and  empty  it  into  the  lymphatic 
vessel  with  which  it  is  connected.  By  this  kind  of  piunping 
action  the  passage  of  fat  and  other  substances  into  the 
lymphatics  is  aided.  In  the  dog  most  of  the  fat  goes  into 
the  lacteals,  and  thence  by  the  general  lymph-stream  through 
the   thoracic  duct   into    the   blood.     .'Vnd   in   man    the   chyle 
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collected  from  a  lymphatic  fistula  contained  a  large  proportion 
of  the  fat  f^iveii  in  thi'  food  (Munk).  But  this  bare  statement 
woulil  !>e  misleading  ii  we  did  not  add  that  the  fat  taken  in  can 
never  be  entirely  recovered  in  the  chyle  collected  from  the 
thoracic  duct.  And  even  after  ligature  of  the  thoracic  and  right 
lymphatic  ducts  a  large  i)r()]>ortion  oi  a  meal  of  fat  (.J2  to  41S  per 
cent.)  is  absorbed  from  the  intestine,  obviously  l>y  the  channel 
of  the  bloodvessels,  since  the  fat  content  of  the  blood  increases 
up  to,  it  may  be.  six  limes  the  highest  amount  present  in  the 
blood  of  fasting  animals.  The  statement  that  only  fatty  acids 
can  be  absorbed  under  these  conditions  is  erroneous  (Munk  and 
FriedenthaJ). 

A  dog  normally  absorbs  9 — 21  per  cent,  of  the  fat  in  a  meal 
in  three  to  four  hours;  21 — 4ft  \w.v  cent,  in  seven  hours;  and 
8f)  per  cent,  in  eigfiteeu  hours  (Harley).  After  excision  of  the 
pancreas  the  absorption  of  fat  is  hindered,  though  not  al)olished. 
More  fat,  indeed,  can  be  recovered  from  the  intestine  than  is 
given  in  the  food.  Tliis  at  first  sight  j>aradoxical  result  is  ex- 
plained by  the  well-establishe<l  fart  that  a  certain  amount  of 
fat  is  normally  excreted  into  the  intestine. 

As  to  the  manner  in  which  the  synthesis  oi  the  fat  in  the 
intestinal  epithelium  is  accomplished,  the  most  fascinating 
theory  is  that  which  attributes  it  to  the  reversed  action  of  a  fat- 
splitting  ferment  or  li])ase»  [>ossibly  the  very  same  steajwin  as 
nriginally  S|>lit  it  up  in  the  intestine.  The  reversibility  of  the 
action  of  various  enz>nnes  under  changed  conditions  has  been 
well  made  out,  and  it  has  f>cen  stated  that  even  outside  of  the 
t>ody  the  pancreas,  intestinal  mucous  membrane,  lymph  glands, 
etc.,  and  even  cell-free  extracts  of  these  organs  have  the  power  of 
synthesizing  the  ester,  ethyl  butyrate  from  butyric  acid  and 
ethyl  alcohol  (p.  27^).  Moore,  however,  finds  that  in  the  case 
of  ordinary  fats  the  synthesis  takes  place  in  the  intestinal  wall 
only  iu  situ  and  while  the  circulation  is  going  on.  In  the  in- 
testinal mucosa  the  greater  part  of  the  fatty  acid  is  already 
combined  with  glycerine  as  neutral  fat,  although  considerable 
quantities  of  free  fatty  acid  are  also  present.  In  the  lymph 
coming  directly  from  the  mesenteric  glands  practically  the  whole 
of  the  fatty  acids  are  in  the  form  of  neutral  fat. 

Absorption  of  Sugar. — The  sugar  passes  normally  into  the 
rootlets  of  the  jKjrtal  vein,  not  into  the  chyle,  for  no  increase  in 
the  quantity  of  that  substance  in  the  contents  of  the  thoracic 
duct  takes  place  during  digestion,  while  the  sugar  in  the  portal 
blood  is  increased  after  a  starchy  meal.  The  blood  of  the 
portal  vein  of  a  dog  in  the  fasting  condition  contained  0-2  per 
cent,  ol  dextrose.  During  absorption  of  a  meal  rich  in  carlxi- 
hydrates  it  contained  as  much  as  0*4  per  cent.     In  the  lymph 
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issuing  from  the  thoracic  duct  the  amount  was  tlie  same  in  both 

conditions — viz.,  o-i6  per  cent.  Tn  a  case  of  lymph  (chyle) 
fistula  in  a  hum;ui  being,  where  ahncjst  all  the  lymph  from  the 
digestive  tract  escaped  through  the  fistula,  out  of  loo  grammes  of 
carbo-hydrate  taken  {5i>  ^'lanimes  starch  and  50  grammes  sugar), 
only  I  gramme,  or  not  i  per  cent,  of  the  sugar  corresponding 
to  the  carbo-hydrates  of  the  food,  could  be  recovered  in  the 
chyle.  But  when  a  large  amount  of  a  dilute  solution  of  sugar 
is  introduced  into  the  intestine,  some  of  it  is  taken  up  by  the 
lac  teals. 

Absorption  of  Water  and  Salts. — The  main  channel  for 
absorption  of  these  is  the  bloodvessels.  As  much  as  3  to  5  litres 
of  water  can  be  absorbed  in  a  day  in  the  intestine  of  a  healthy 
man,  exceptionally  even  6  to  10  litres,  without  the  faces  alter- 
ing their  normal  consistence.  .Absorption  of  the  water  and 
dissolved  salts  may  take  place  either  through  the  epithelial  cells 
(intra-epithelial  absorption),  or  between  the  cells  (interepithelia' 
absorption}.  According  to  Hober,  most  metallic  salts  {silver, 
mercury,  lead,  bismuth,  copper,  manganese,  etc.)  are  absorbed 
interepithelially,  while  iron  salts  form  an  exception,  and  f>ass 
into  the  epithelial  cells.  Iron  is  absorbed  by  the  bloodvessels, 
but  also  to  some  extent  by  the  lacteals.  From  the  blood  it  is 
carried  to  various  organs,  especially  the  spleen  and  liver.  There 
is  reason  to  believe  that  the  eosinophile  leucocj'tes  take  some 
share  in  its  transportation. 

It  was  supposed  by  Bunge  that  only  organic  compounds  of 
iron  could  be  absorbed,  and  that  the  undoubted  benefit  derived 
from  the  administration  of  inorganic  iron  comjxjunds,  such  as 
ferric  chloride,  in  an;emia,  was  due  not  to  their  direct  absorption, 
but  to  their  shielding  the  organic  compounds  from  the  attack 
of  the  suljjhuretted  hydrogen  in  the  intestine  (p.  .^50).  But  this 
theory  has  been  shown  to  be  inconsistent  with  the  facts.  For 
instance,  after  the  administration  of  salts  of  iron,  the  iron  in 
the  blood,  liver,  spleen,  and  other  organs  increases,  but  there  is 
no  accumulation  of  iron  in  the  liver  of  an  animal  to  which  salts 
of  manganese  have  been  given,  although  these  are  equally 
decomjx>sed  by  sulphuretted  hydrogen. 

Absorption  of  Proteids. — The  proteids  of  tlie  food  and  their 
digested  products  also  pass  directly  into  the  blood-capillaries 
wliich  feed  the  |>ortal  system.  For  it  has  been  shown  that  after 
ligature  of  the  thoracic  duct  proteid  substances  are  still  absorl)ed 
from  the  intestine,  and  the  urea  corresponding  to  their  nitrogen 
appears  in  the  urine.  And  the  proteids  in  the  lymph  flowing 
from  a  lymi>hatic  fistula  in  a  case  of  elephantiasis  in  man  were 
not  found  to  be  sensibly  increased  during  the  digestion  of  proteid 
food  (Munk). 
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Although  a  certain  amount  of  egg-albumin,  seruin-aJbumin, 
alkali-albimiin,  and  other  native  or  slightly  altered  [>rr>teid 
substances  can  be  absorbed  as  such  by  the  small,  and  even  by 
the  large,  intestine,  there  can  be  no  doubt  that  the  greater  part 
of  the  proteids  of  the  food  is  first  changed  into  proteoses  and 
peptones.  But  proteose  and  peptuiie  are  absent  from  the  bhM>d, 
and,  indeed,  when  injected  into  the  blood  they  are  excreted  in 
the  urine.  When  injected  in  larger  amount  they  pass  also  into 
the  lymph,  from  which  they  graduallv  reach  the  blood  again, 
and  are  eventually,  as  before,  eliminated  by  the  kidneys.  The 
clear  inference  is  that  when  absorbed  from  the  alimentary  canal 
they  most  be  changed  into  one  or  both  of  the  chief  proteids  of 
blood  and  lymph  (serum-albumin  and  serum-globulin)  in  their 
passage  thro\igh  its  walls.  But  this  process  of  regeneration  is, 
in  all  probability,  precetled  by  a  process  of  further  degradation. 
The  fact  that  a  portion  of  the  peptone  and  albumose  is 
decomposed  by  erei)sin  in  the  lumen  of  the  intestine  has  been 
already  alluded  to.  It  would  seem  that  a  further  portion  of 
the  peptone  and  albumose,  or  perhai)s  tlie  whole,  is  similarly 
idecomix)sed  by  the  action  of  erepsin  in  the  intestinal  w^dl.  It 
has  actually  been  shown  that  during  the  digestion  of  a  proteid 
meal  the  mucosa  of  the  stomach  and  intestine  contains  proteose 
and  peptone,  while  none  is  present  in  the  muscular  coat  or  in 
any  other  organ.  They  rapidly  disappear  from  a  jxjrtion^of 
the  mucous  membrane  kept  at  a  temperature  of  about  40^*  C. 
outside  of  the  body,  and  their  disappearance  is  probably  due  to 
their  decom|>osition  by  the  erepsin.  We  must  suppose  that 
the  serum  proteids  are  built  up  from  the  protiucts  of  this  de<:om- 
■posilion.  But  it  may  be  that  some  of  the  proteose  and  [)eptone 
are  regenerate*!  by  a  shorter  process,  and  without  having  been 
further  split  up.    Tiie  regeneration  must  presumably  take  place 

cells,  and  the  only  available  cells  in  this  locality  are  those 
'which  line  the  intestine,  or  the  leucocytes  which  wander  l>etween 
them.  Accordingly,  both  have  been  credited  with  the  power  of 
absorbing  and  transforming  these  substances,  but  the  balance  of 
evidence  is  in  favour  of  the  ei>ithelial  cells.  We  cannot,  however, 
as  in  the  case  of  the  fat,  single  out  any  particular  tract  of  epi- 
theliuni  as  alone  engaged  in  the  absorption  and  regeneration  of 
proteose  and  i>eptone,  or,  indeed,  of  the  tliffusible  substances  in 
general.  In  all  likeliliood  the  cells  covering  the  villi  are  actively 
concerned,  but  there  is  no  vali<l  reason  for  denying  a  share  to 
the  general  lining  of  the  stomach  and  small  intestine,  even  in- 
tuc^g  the  Lieberkiihn's  cr}q>ts,  which  morj^hologically  form  a 
of  inverted  villi.     It  is,  indeed,  true  that  the  crypts  do  not 

:e  part  in  the  absorption  of  fat,  for  no  granules  blackened  by 
imic  acid  occur  in  them  during  digestion  of  a  fatty  meal.     But 
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this  is  a  ground  for  attributing  to  them  other  absorptive  func- 
tions rather  than  for  altogether  denying  to  them  a  share  in 
absorption,  unless,  indeed,  we  assume  that  the  secretion  of  the 
succus  entericus  engrosses  the  whole  activity  of  this  extensive 
sheet  of  cells. 

The  extraordinary  efficiency  of  the  small  intestine  in  digestion 
and  absorption  is  shown  by  the  fact  that  after  removal  of  even 
70  to  83  per  cent,  of  the  combined  jejunum  and  ileum  in  dogs, 
the  metabolism  is  not  necessarily  much  affected.  On  a  diet 
poor  in  fat  the  animals  absorb  as  much  of  the  fat  as  a  normal 
dog,  although  a  smaller  proportion  when  the  diet  is  rich  in  fat. 
It  has  been  generally  stated  that  it  is  never  permissible  to 
remove  more  than  one-third  of  the  small  intestine  in  man.  But 
in  one  case  2}  metres  was  resected,  or  quite  one-half,  and  the 
patient  recovered.  Even  the  large  intestine,  which  possesses 
Lieberkiihn's  crypts,  but  no  villi,  is  able  to  absorb  not  only 
peptones  and  sugar,  but  also  fats  and  undigested  proteids,  and, 
although  these  are  powers  which  can  be  rarely  exercised  to 
any  great  extent  in  normal  digestion,  they  form  the  physio- 
logical basis  of  the  important  method  of  treatment  by  nutrient 
enemata. 

We  may  add  to  the  proof  of  the  varied  powers  of  the  cells  of 
the  intestinal  wall  given  by  the  change  which  proteoses  and 
peptones  xmdergo  in  their  passage  through  them  the  facts, 
already  mentioned,  that  cane-sugar  does  not  pass  into  the  blood 
as  such  unless  large  quantities  are  given,  but  is  first  converted 
into  dextrose,  even  in  the  absence  of  an  inverting  ferment  in  the 
lumen  of  the  intestine,  and  the  remarkable  discovery  of  Munk, 
that  fatty  acids  given  by  the  mouth  appear  in  the  lymph  of  the 
thoracic  duct  as  neutral  fats,  having  somewhere  or  other,  in  all 
probability  on  their  way  through  the  epithelium  of  the  gut,  been 
combined  with  glycerine. 

Since,  however,  the  amount  of  neutral  fat  recovered  from  the 
thoracic  duct  is  not  equivalent  to  more  than  one-third  of  the 
fatty  acids  given,  it  has  been  suggested  that  this  synthesis  of 
fat  is  only  apparent,  and  that  the  whole  of  the  fat  which  appears 
in  the  chyle  after  a  meal  of  fatty  acids  comes  from  the  fat 
excreted  into  the  intestine  (Frank),  which  is  increased  when 
fatty  acids  are  given  by  the  mouth.  Hut  the  suggestion  is 
more  ingenious  than  the  evidence  advanced  in  its  support  is 
convincing.  And  as  we  have  seen  (p.  ;i(yy)y  a  part  of  the  deficit 
may  be  accounted  for  by  abs()r[>ti()n  directly  into  the  blood- 
vessels. 
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[CAL  EXERCISES  ON  CHAPTERS  IV.  AND  V. 


The  Quantitative  Estimation  of  Ferment  Action. — Since  we  have 
as  yet  no  certain  methrxl  of  freeing  ferments  from  impurities,  our  only 
quantitative  test  is  their  digestive  activity.  And  since  a  very  small 
quantity  of  ferment  can  act  upon  an  indefinite  amount  of  material 
il  allowed  sufficient  time,  we  can  only  make  comparisons  when  the 
lime  of  digestion  and  all  other  conditions  are  the  same.  If  we  find 
that  a  given  quantity  of  one  gastric  extract,  acting  on  a  given  weight 
of  fitM^in,  dissolves  it  in  half  the  time  retjuired  by  d\\  <*c|ual  amount 
of  another  gastric  extract,  or  dissolves  twice  as  mucli  of  it  in  a  given 
time,  we  conclude  that  tiie  digestive  activity  of  the  jiepsin  is  twice 
as  great  in  the  first  extract  as  in  the  second.  As  has  been  jMiintcd  out 
(p.  312),  this  does  not  permit  us  to  Sixy  that  the  one  contains  twice 
as  much  pepsin  as  the  other.  One  method  of  eslimatim;  Ihc  rate  at 
which  the  fibrin  disappears  is  to  use  fibrin  stained  with  carmine.  As 
solution  goes  on,  the  dye  colours  the  liquid  more  and  more  deeply, 
and  by  comparing  the  depth  of  colour  at  any  time  with  standard 
solutions  of  caimine,  we  get  the  quantity  of  dye  set  free,  and  there- 
fore of  fibrin  digested.  Tliis  method  cannot  be  used  for  trypsin.  A 
much  better  method  is  that  of  Mctt.  Fluid  egg-white  is  sucked  up 
into  fine  glass  tubes  (of  i  to  2  mm.  bore).  The  tubes  are  then  heated 
in  a  bath  at  95°  C.  For  use  short  pieces  (i  or  2  cm.  long)  are 
ctit  off  and  placed  in  i  or  j  c.c.  of  the  liquid  to  be  tested,  the  whole 
being  kept  at  37*^  to  38''  C.  At  the  end  of  a  certain  time  the  length 
of  the  column  of  undissolved  proteid  is  measured  with  a  scale  and 
low-power  microscope.  Deducting  this  from  the  length  of  the  tube, 
we  get  the  length  of  the  column  digested.  As  a  test  of  the  activity 
of  a  diastatic  ferment,  we  take  the  amount  of  sugar  formed  in  a  given 
time  in  a  given  quantity  of  a  standard  starch  solution.  Or  where 
rapid  work  is  required,  glass  tubes  fdled  with  tinted  starch  paste  may 
be  used  in  the  same  way  as  the  Mett's  tubes. 

To  determine  the  activity  of  pancreatic  juice  as  regards  fat- 
splitting  ferment,  the  acidity  of  the  emulsion  formed  by  the  juice  and 
fat  after  standing  for  a  definite  time  at  a  given  temperature  (with 
occasional  shaking)  is  estimated  by  titration  with  barj'ta  solution. 

I.  Saliva. — Coiicction  and  Microscopic  Examination  of  Saliva, — 
Chew  a  piece  of  paraffin-wax,  or  inhale  ether  or  the  vapour  of  strong 
acetic  acid.  The  flow  of  sahva  is  increased.  Collect  it  in  a  porcelain 
capsule.  Examine  a  drop  under  the  microscope.  It  may  contain  a 
few  flat  epithelial  scales  from  the  mouth  and  a  few  round  granular 
bodies,  the  salivary  cor|?uscIes,  the  granules  in  which  often  show  a 
hvcly,  dancing  movement  (Brownian  motion).  Filter  the  saliva  to 
free  it  from  air-bubbles,  and  pwrform  the  following  experiments* : 

(a)  Test  the  reaction  with  litmtis  paper.  It  is  usually  alkaline. 
An  acid  reaction  may  indicate  that  bacterial  processes  are  abnormally 
active  in  the  mouth. 

(6)  Add  dilute  acetic  acid.  A  precipitate  indicates  the  presence 
of  mucin  (p.  i8i ).     Filter. 

(c)  Add  .1  drop  or  two  of  silver  nitrate  solution  to  the  filtrate  from 
(6).  A  precipitate  insoluble  in  nitric  acid,  soluble  in  ammonia, 
proves  that  chlorides  are  present. 

{d)  Add  to  another  portion  a  few  drops  of  dilute  ferric  chloride 
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slightly  acidulated  with  dihite  hydrochloric  acid,  and  tlie  same 
quantity  to  as  much  distilled  water  in  a  control  test-tube.  A 
reddish  coloration  is  obtained,  due  to  the  presence  of  aulphocyanic 
acid,  which  is  combined  with  potassium  and  other  biises  in  the  saliva. 
The  colour  is  discharged  by  mercuric  cliloride.  Or,  a  drop  of  saliva 
may  be  allowL-J  lo  fall  from  the  nucjuth  on  a  tcst-pa|ier  (prepared  by 
soaking  hlter-paper  with  a  dihsLc  starcli  sululion,  containing  a  little 
iodic  acid,  and  allowing  it  to  dry  in  the  air).  The  paper  is  coloured 
blue  by  tlic  union  of  the  starch  with  iodine  set  free  from  the  iodic 
acid  by  the  action  of  the  sulphocyanic  acid. 

{e)  Take  some  boiled  starch  mucilape,  and  test  it  for  reducing 
sugar  by  Trommer's  test  (p.  7).  If  no  sugar  is  found,  take  three 
tost  tubes,  label  them  A.  B,  C,  and  nearly  half  fill  each  with  the 
boiled  starch.  To  A  add  a  little  saliva.*  to  B  some  saliva  which  has 
been  boiled,  to  C  a  Uttle  saliva  which  has  been  neutrahzed.  and  as 
much  o'>(  jicr  cent,  hydnxhloric  acid  as  has  been  taken  of  the 
mucilage,  so  as  to  make  the  strength  of  tlie  acid  in  the  mixture  0*2  per 
cent.,  or  the  same  as  that  of  the  gastric  juice.  Put  the  test-tubes 
into  a  water-bath  at  about  40°  C.  In  a  few  minutes  test  the  contents 
for  reducing  sugar.  Abundance  will  be  found  in  A,  none  in  B  or  C. 
In  B  the  ferment  ptvalin  has  been  destroyed  by  boiling  ;  in  C  its 
action  has  been  inhibite't  by  the  acid.  If  the  test-tubes  liave  been 
left  long  enough  in  the  bath,  no  blue  colour  will  be  given  by  A  on 
the  addition  of  iodine,  but  a  strong  blue  colour  by  B  and  C — i.e.,  the 
starch  will  have  completely  disappeared  from  A, 

(/)  Put  some  starch  in  a  test-tuoe,  add  a  little  saliva,  and  hold  in 
the  hand  or  place  in  a  bath  at  40"*  C.  On  a  porcelain  slab  place 
several  separate  drops  of  dilute  iodine  solution.  With  a  glass  rod 
add  a  drop  of  the  mixture  in  the  test-tube  to  one  of  the  drops  of 
iodine  at  intervals  as  digestion  goes  on.  At  first  only  the  blue  colour 
given  by  starch  will  be  seen  ;  a  little  later  a  violet  colour,  due  to  the 
presence  of  crythrodextrin  in  addition  to  some  unaltered  starch.  A 
little  later  the  colour  will  be  reddish,  the  starch  having  disappeared 
and  the  crythrodextrin  reaction  being  no  longer  obscured.  Later 
still  no  colour  reaction  will  be  obtained,  the  crythrodextrin  having 
undergone  further  changes,  and  only  sugar  (maltose,  isomaltose.  and 
[xjrhaps  a  trace  of  dextrose)  and  achroodextrin— a  kind  of  dextrin 
which  gives  no  colour  with  iodine — being  present. 

ig)  Put  two  pieces  of  glass  tube  filled  with  tinted  starch  paste 
(p.  371)  in  separate  test-tubes.  Cover  one  with  3  c.c.  and  the  other 
with  6  c.c.  of  sahva.  The  saliva  must  all  be  taken  from  the  same 
stock,  and  must  not  be  collected sci>aratcly.  Put  in  a  bath  at  38**  C, 
and  when  a  fair  amount  of  digestion  has  taken  place  in  each,  measure 
the  length  of  the  column  digested,  and  determine  the  relation 
between  the  amount  digested  in  the  two  tubes  (p.  312). 

(h)  Put  a  little  distilled  water  into  a  ix>rcelain  capsule,  and  bring  the 
water  to  the  boil.  Now  put  into  the  mouth  some  boiled  starch 
paste,  and  move  it  about  as  in  mastication.  -Xfter  half  a  minute  spit 
the  starch  out  into  the  boihng  water.  Divide  the  water  into  two 
portions.  Test  one  for  sugar»  and  the  other  for  starch.  Repeat  the 
experiment,  but  keep  the  starch  two  minutes  in  the  mouth.  "Report 
the  result. 

(1)  Starch  solution  to  which  saliva  has  been  added  is  placed  in  a 
dialyser  tube  of  parchment-paper  for  twenty-four  hours.     At  the  end 

*  As  it  filters  slowly,  nnfiltered  saliva  may  be  used  for  Experiments 
t#).  (/).  and  CA). 
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of  that  time  the  di.ilysatc  (the  surrounding  water)  shoukl  be  tested 
for  sugar  and  for  starch.  Sugar  will  pr()l>ably  bv  tuunU,  but  no 
stiirch.  If  no  reaction  for  suj;ar  is  obtained.  t!»c  dialysatc  should  be 
concenlriitrd  on  tlie  watcr-batti,  and  aj^ain  tosied, 

2.  Stimulation  of  the  Chorda  Tympani. — (i)  Having  previously 
studied  the  anatomy  of  the  mouth  and  submaxillary  region  in  the 
dog  by  dissectinf;  a  dead  animal  (l^g.  137).  pnt  a  good-sized  dog 
under  morphia.  Set  up  an  induction-machine  for  a  tetiinizing 
current  (p.  164),  and  connect  it  with  fine  electrodes.  Fasten  the 
dog  on  the  holder,  pive  elher  if  necessary,  and  insert  a  cannula  in 
the  trachea  (p.  iftft).  Then  make  an  incision  3  or  4  inches  long 
through  skin  and  platysma  muscle,  along  the  inner  border  of  the 
lower  jaw  beginning  about  the  angle  of  the  mouth,  and  coi>rinuiug 
backwards  towards  llie  angle  of  the  jaw.  Sucli  branches  of  the 
jugular  vein  as  come  in  the  way  may  be  generally  pushed  aside,  but 

Digaitric 
Mu»clr  (culX 
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Mtuclcii-uiX 


■Itiiiil     WliailonV 
Nerve.  Ihict. 


Fig,  137. — DissECTiOM  for  Stimulation  or  Chorda  Tympam  (after 

Bernard). 


if  necessary  they  may  be  doubly  ligated  and  divided.  Feel  for  the 
facial  artery,  so  as  to  be  able  to  avoid  it.  Divide  tho  digastric  muscle 
al>out  its  anterior  third,  and  clear  it  carefully  from  its  attichmcnt<t  : 
or.  without  dividing  it,  pull  it  outwards  with  a  hook.  The  broad, 
thin  mylo-hyoid  muscle  will  now  be  seen  with  its  motor  nerve  lying 
on  it.  Divide  the  muscle  about  its  middle  at  right  angles  to  its 
fibres,  and  raise  it  carefully.  The  lingual  nerve  will  be  seen  emerging 
from  under  the  ramus  of  the  jaw.  It  runs  transversely  towards  the 
middle  hnc.  .^nd  then,  bending  on  itself,  passes  forwards  parallel  to 
the  larger  hypoglossal  nerve.  In  its  transverse  course  the  lingual 
will  be  seen  to  cross  the  ducts  of  the  submaxillary  and  sublingual 
glands.  These  structures  having  been  identified,  the  lingual  nerve 
is  to  be  ligatured  before  it  enters  the  tongue  and  cut  jieripherally  to 
the  ligature.  Then  a  !?lass  cannula  of  suitable  size  is  to  be  inserted 
into  the  submaxillan,'  duct  {the  larger  of  the  two),  just  as  if  it  were 
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a  bloodvessel  (p.  46).  A  short  piece  of  narrow  rubber  tubing;  is  care- 
fully slipped  on  tlie  end  of  the  cannula.  The  liayiial  is  now  to  be 
Ufted  by  mccins  oE  thf  ligature,  and  traced  back  luwards  the  jaw  till 
its  chorda  tyinitani  branch  is  seen  coming  olf  and  running  backwards 
along  the  duct.  The  chordo-Ungual  nerve  (Kig.  123.  p.  ^nj)  is  then 
to  be  cut  centrally  to  the  ori^'in  of  the  chorda  tympani.  which  can 
now  be  easily  lai<l  on  electrodes  by  means  of  the  Hf^ature  on  the 
lingual.  On  stiinulatinjj  the  chorda,  the  flow  of  saliva  through  the 
cannuK  -will  be  increased.  The  current  need  not  be  vcr>'  strong.  If 
the  flow  stops  after  a  short  time,  it  can  be  again  caused  by  renewed 
stimulation  after  a  brief  rest.  A  quantity  of  saliva  may  thus  be 
collected,  and  the  experiments  aU*eady  made  with  human  saliva 
rej>cated. 

(2)  tixposc  the  vago-sympathetic  nerve  in  the  neck  on  the  same 
side  ;  ligature  it  ;  divide  below  the  ligature  ;  and  note  the  effect 
produced  by  stimulation  of  the  upper  end  on  the  How  of  saliva. 

(?)  Set  up  another  induction-machine,  and  connect  it  with  elec- 
trodes. Stimulate  the  chorda,  and  note  the  rate  of  flow  of  the 
saliva.  Then,  whilr  the  chorda  is  still  being  excited,  stimulate  the 
vago-sympathetic.  and  observe  the  effect.  If  the  experiment  is 
successful,  finiyh  by  stimulatinj^  the  chorda  for  a  long  time.  Then 
harden  both  submaxillary  glands  in  absolute  alcohol,  make  sections. 
stain  with  carmine,  and  compare  them. 

3.  Effect  of  Drugs  on  the  Secretion  of  Saliva. — ( t )  Proceed  as  in 
2  (i),  but,  in  addition,  insert  a  cannula  into  the  femoral  vein  (p.  17S), 
On  the  cannula  put  a  short  piece  of  rubber  tubing,  filled  with  0*9  per 
cent,  salt  solution  and  closed  by  a  small  clamp,  or  a  small  piece  of 
glass  rod.  or  a  pair  of  bulldog  forceps.  While  the  chorda  is  being 
stimulated  inject  into  the  vein  10  to  15  milligrammes  of  sulphate 
of  atropia  by  pushing  the  needle  of  a  hypodermic  syringe  through 
the  rubber  tube.  This  \vill  stop  the  flow  of  saliva,  and  abolish  the 
effect  of  stimulation  of  the  chorda.  See  whether  the  sympathetic 
is  also  inactive,  and  report  the  result. 

(3)  Now  empty  the  cannula  in  the  submaxillary  duct  by  means  of 
a  feather,  and  fill  it  with  a  2  per  cent,  solution  of  pilocarpine  nitrate 
by  means  of  a  fine  pi]>ctte.  Fill  also  the  short  rubber  tube  attached 
to  the  cannula,  and  close  it  again.  Compress  the  tube,  and  .so  force 
into  the  duct  a  small  quantity  of  the  solution.  Open  the  lube.  Secre- 
tion of  saliva  will  again  begin,  and  stimulation  of  the  chorda  will  again 
cause  aji  increase  in  the  flow.  But  after  a  few  minutes  the  action 
of  the  atropia  will  reassert  itself  and  the  flow  will  stop.  Renewed 
secretion  may  he  caused  by  a  fresh  injection  of  pilocarpine. 

4.  Gastric  Juice. — ia)  Preparation  of  Artificial  Gastric  Juice, — 
Take  a  portion  of  the  pig's  stomach  provided,  strip  off  the  mucous 
membrane  (except  that  of  the  pyloric  end,  which  is  relatively  ytoot 
in  i^psin),  cut  it  into  small  pieces  with  scissors,  and  jmt  it  in  a 
bottle  with  100  times  its  weight  of  0*4  per  cent,  hydrochloric  acid. 
Label  and  put  in  a  bath  at  40°  C.  for  three  hours,  and  then  in  the 
cold  for  twelve  hours.     Then  filter. 

ib)  Take  another  portion  of  the  mucous  membrane,  cut  it  into 
pieces,  and  rub  up  with  clean  sand  in  a  mortar.  Then  put  it  in  a 
small  bottle,  cover  it  with  glycerine,  label,  and  set  aside  for  two  or 
three  days.     The  glycerine  extracts  the  pepsin. 

{c)  Take  five  test-tubes.  .\,  B.  C,  D.  E,  and  in  each  put  a  little 
w^ashcd  and  boiled  fibrin.  To  A  add  a  few  drops  of  glycerine  extract 
"s  stomach,  and  fill  up  the  test-tube  with  o'2  per  cent,  hydro- 
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chloric  acid.  Tu  B  add  glycerine  extract  and  distilled  water  ;  to  C 
jjlycenne  extract  and  i  per  cent,  sodium  carbonate  ;  to  D  0*2  per 
cent,  hydrochloric  acid  alone  ;  to  E  glycerine  extract  which  has  been 
boiled,  and  0*2  per  cent,  hydrochloric  acid. 

Put  up  another  set  of  hvc  test-tubes  in  the  same  way,  except  that 
SL  few  drops  of  a  watery'  solution  of  a  commercial  pepsin  are  substi- 
tuted for  the  glycerine  extract.  I^bcl  the  test-tubes.  A',  B',  C,  D', 
E'. 

Into  another  test-tube  put  a  little  fibrin,  and  fill  up  with  the 
filtered  acid  extract  from  {a).  Label  it  F.  Place  all  the  test-tubes 
in  a  tumbler,  and  set  them  in  a  water-bath  at  40"  C.  I'ut  a  piece  of 
a  Mett's  tulx?  (p.  T,y\ )  into  each  of  two  test-tubes,  and  a<ld  1  5  c.c.  of 
0*2  per  cent.  hydr<Khloric  acid.  To  one  tube  add  5  drops  and  to  the 
other  10  drops  of  the  same  filtered  glycerine  extract  of  gastric  mucous 
membrane.  Put  the  tubes  in  the  bath,  and  when  digestion  is  distinct 
at  the  ends  of  both  lubes  measure  the  length  of  the  column  digested 
in  each.  What  is  the  relation  bet^vcen  the  two  (p.  .^12)?  The 
experiment  can  be  rcjx'atcd  with  the  hydrochloric  acid  extract  of 
the  mucous  membrane. 

After  a  time  the  fibrirj  will  luive  almost  completely  disappeared  in 
A,  A',  and  F,  but  not  in  tlie  other  test-tubes.  FUter  the  contents  of 
A,  A',  and  F  into  one  dish. 

(rf)  Test  the  fdtrate  for  the  products  of  gastric  digestion  : 

(tt)  Neutralize  a  portion  carefully  with  dUute  sodium 
hydrate,  h  precipitate  of  acid-albumin  may  t>e 
thrown  down.  Filter. 
(/J)  To  a  portion  of  the  filtrate  from  (a)  add  excess  of  sodium 
hydrate  and  a  drop  or  two  of  very  dilute  copper 
sulphate.  A  rose  colour  indicates  the  presence  of 
proteoses  or  peptones.  The  cupric  sulphate  must 
be  very  cautiously  added,  because  an  excess  gives  a 
violet  colour,  and  thus  obscures  the  rose  reaction. 
U  still  more  cupric  sulphate  be  added,  blue  cupric 
hydrate  is  thrown  down,  and  nothmg  can  be  inferred 
as  to  the  presence  or  the  nature  of  proteids  in  the 
liquid. 
(>)  Heat  another  portion  of  the  filtrate  from  (a)  to  ;^o**  C, 
and  add  cr>'stals  of  ammomuni  sulphate  to  satura- 
tion. A  precipitate  of  protec«es  (albumoses)  may 
be  obtained.  Filter  off. 
(«)  Add  to  the  fdtrate  from  (7)  a  trace  of  cupric  sulphate 
and  excess  of  sodium  hydrate.  A  rose  colour  in- 
dicates that  peptones  are  present.  More  sodium 
hydrate  must  be  added  than  is  sufficient  to  break 
up  all  the  ammonium  sulphate,  for  the  biuret 
reaction  rotiuircs  the  presence  of  free  fixed  alkali. 
A  strong  solution  of  the  sodium  hydrate  should 
thcxcforc  be  used,  or  the  stick  caustic  soda.  The 
addition  of  ammonium  sulphate  will  cause  the  red 
colour  to  disappear  :  so  will  the  adcUtion  of  an  acid. 
Sodium  hythate  will  bring  it  back.  Ammonia  docs 
not  affect  the  colour, 
(f)  Use  another  portion  of  the  filtrate  from  (a)  to  separate 
the  primary  and  secondary  albumoses  as  in  experi- 
ment (3)  iri\  vp.  <^). 
;)  To  some  milk  in  a  test-tube  add  a  drop  or  two  ol  rennet 
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extract,  and  plnce  in  a  bath  at  40'  C.     Tn  a  short  time  Ihe  milk  is 
curdled  by  tht*  rcnnin.     (See  footnote  on  p.  2H6). 

5.  ([)  To  obtain  Normal  Chyme. — Injccl  subcutaneously  into  a 
dog,  one  and  a  half  hours  after  a  meal  of  niiiiccd  meat  and  water, 
2  mK.  of  apomorphine.  Half  of  one  of  tlie  ordinary  tabloids  is 
cnou^h.'^  Oillfcl  Uiu  \oTniL. 

{2)  To  obtain  Pure  Gastric  Juice. — If  the  laboratory  possesses  a  dog 
with  F^awlow-s  double  cesc^phai^oal  and  /j.istric  fistula,  the  juice  may 
be  obtained  in  larpe  amonnt  by  sham  feeding  with  meat  (p.  .^.^o).  Xf 
not,  proceed  as  follows:  l*ijta  fjisting  dog  under  ether,  and  fasten  on 
the  holder.  Clip  the  hair  and  shave  the  skin  in  the  middle  hnc  below 
the  sternum.  Make  a  longitudinal  incision  through  the  skin  and  sut>- 
cutaneous  tissue  from  the  xiphoid  cartilage  downwards  for  3  or  4 
inches.  The  linca  alba  will  now  be  seen  as  a  white  mesial  streak. 
Open  the  abtiomcn  by  an  incision  through  it.  F^iil  over  the  stomach 
towards  the  right,  and  stitch  it  to  the  abdominal  wall,  open  it,  and 
insert  a  stomach  cannula  (Fig.  1  ^8)  Make  an  incision  through  the 
serosa  and  muscularis.  Doubly  ligatc  and  divide  any  vessels  exposed 
in  the  submucosa.  Then  make  an  o]>cning  in  the  mucosa  of  sufficient 
size  to  just  admit  the  gastric  cannula.  This  will  go  into  a  smaller  open- 
ing if  it  is  provided  with  a  nick  in  the  flange  which  enters  the  stomach. 
Be  careful  to  prevent  bluod  from  getting 
into  the  stomach.  Inimedi^itcly  stitch  the 
wound  in  the  stomach  over  the  flange  o! 
the  cannuht.  but  do  not  pass  the  stitches 
through  to  the  internal  surface  of  the 
mucosa.  Suture  the  muscles  and  skin 
separately.  Then  slitch  up  the  wound  in 
the  abdomen.  Wash  out  any  stomach  con- 
tents with  warm  water.  Put  a  cork  in  the 
cannula,  and  cover  the  animal  with  a  cloth. 
The  following  experiments  may  now  be  per- 
formed. Expose  both  vagi  in  the  neck. 
Connect  two  pairs  of  electrodes  with  the  secondary  coil  of  an  in- 
ductorium  arranged  for  single  shocks.  By  means  of  a  key  in  the 
primar^*stimlllate  the  nerves  with  slow  rhythmical  mduction  shocks  at 
the  rate  of  about  one  a  second.  Continue  the  stimnlation  for  fifteen 
minutes,  collect  any  juice  that  may  have  Ix-en  secreted,  and  apply  the 
tests  in  (3).  If  secretion  is  slow,  a  little  distilled  water  may  be  put 
into  the  stomach,  and  the  vagus  stimulation  rejwated.  Mechanical 
stimulation  of  the  mucous  membrane  with  a  feather  causes  no  secre- 
tion of  acid  gastric  juice,  but  may  cause  a  secretion  of  alkaline  mucus. 

(3)  (a)  Test  the  reaction  to  htmus  of  the  chyme  obtained  in  (i), 
and  of  the  pure  juice  obtained  in  {2). 

{b)  Test  their  proteolytic  powers  by  putting  in  a  bath  at  40"  C. 
for  two  hours  two  test-tubes  containing  respectively  filtered  chyme 
and  fibrin,  and  gastric  juice  and  fibrin.  The  hbrin  will  be  digested 
in  both.  Estimate  the  proteolytic  power  quantitative!)*  by  Mctt's 
tubes  (p.  371 ). 

{c)  Add  a  few  drojis  of  the  chyme  and  gastric  juice  to  milk  in  two 
test-tubes,  and  place  them  in  a  bath  at  40°  C.  Repeat  (c)  after 
neutralizing  the  hquids. 

(rf)  Examine  a  droji  of  the  unftltered  chyme  under  the  microscope. 
Partially  digested  fragments  of  the  food  will  be  seen — -muscular 
fibres,  or  fat  cells.     Filter,  and  proceed  as  in  4  (d)  (p.  375). 

(4)  Test  the  filtrate  from  the  chyme  and  the  gastric  juice  for  lactic 
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acid  by  Ucffclmann's  test,  and  for  hydrochloric  acid  by  Gfinsburg's 
rci^iMit. 

UeHetmann's  Test  for  Lactic  Acid. — TIic  re^iRcnt  is  a  dilute  snhition 
of  carbtiUc  arid  lc»  which  dihitc  ferric  chloride  has  been  added  til! 
the  colour  is  bluish  (say  a  drop  of  a  i  per  cent,  (crric  chloride  solution 
to  5  c.c.  of  a  I  per  cent.  cnrboUc  acid  solution).  The  blue  colour  of 
the  mixture  is  turned  yellow  by  lactic  acid,  but  not  by  iblulc  hydro- 
chloric acid.  Since  Ucfkdinann's  test  is  given  also  by  pliosphates, 
alcohol,  and  sugar,  whicli  may  sometimes  be  present  in  the  stomach 
contents,  it  is  best  to  siiake  the  gastric  contents  with  ether,  dissolve 
the  ethereal  extract  in  water,  and  then  make  the  test  on  the  watery 
solution. 

GUnsberg's  Reagent  for  Free  Hydrochloric  Acid  in  Gastric  Juice 
is  made  by  dissolving  2  parts  of  phloroj^lucinnl  and  1  piirt  of  vanillin 
in  50  parts  by  weight  of  absolute  alcohol.  A  few  drops  of  the  reagent 
are  added  to  a  few  drops  of  tlie  filtered  gastric  juice  in  a  small 
porcelain  capsule,  and  the  whole  eva^Kirated  to  dryness  over  a  small 
bunsen  flame.  If  free  hydrochloric  acid  is  present,  a  carmine-red 
residue  is  left.  If  all  the  hydrochloric  acid  is  united  to  proteids  in  the 
stomach  contents,  the  reaction  does  not  succeed.  It  is  also  hindered 
by  the  presence  of  Icucin. 

6.  Pancreatic  Juice. — (a)  Take  a  piece  of  the  pancreas  of  an  ox 
or  dog  which  has  been  kept  twenty-four  hours  at  the  temperature  of 
the  laboratory,  and  make  a  glycerine  extract  in  the  same  wav  as  in 
the  case  of  the  pig's  stomach  in  4  (6).  Put  in  a  small  bottfe,  and 
set  aside  for  a  day  or  two. 

(^)  Put  a  Utile  Iwiled  fibrin  into  each  of  six  test-tubes.  A,  B,  C, 
D,  E.  F.  To  A  add  a  few  dro|>s  of  glycerine  extract  of  pancreas, 
and  fill  up  with  a  1  i.>er  cent,  sodium  carbonate  solution  ;  to  B  add 
glycerine  extract  and  distdled  water  ;  to  C  glycerine  extract  and 
excess  of  0*05  per  cent,  hydrochloric  acid  ;  to  D  1  per  cent,  sodium 
carbonate  alone  ;  to  E  i  per  cent,  sodium  carbonate  in  which  a  few 
drops  of  glycerine  extract  of  pancreas  have  been  previously  boiled  : 
to  F  glycerine  extract  and  excess  of  0*2  per  cent.  lu<lrochloric  acid.* 

Set  up  ^ix  test-tubes.  A'.  B',  C,  D'.  K'.  F',  in  the  same  way.  but 
substitute  a  few  drops  of  a  solution  of  Cf)mmercial  pancreatin  for  the 
glycerine  extract.  Set  up  two  test-tubes  as  in  experiment  4  (p.  J175) 
with  Mett's  tubes.  Put  all  the  test-tulies  in  a  tumbler,  and  place  in  a 
bath  at  40*^0.  The  fibrm  will  be  gradually  eaten  away  in  A  and  A', 
by  the  action  of  the  trypsin,  but  will  not  swell  up  or  become  clear 
before  disappearing,  as  it  does  in  dilute  hydrochloric  acid  *ith 
glycerine  extract  of  stomach.  Filter  the  contents  of  these  test-tubes. 
Ncutrahzr  the  filtrate  with  dilute  acid  ;  a  precipitate  will  consist  of 
alkali -albumin.  If  such  a  precipitate  is  obtained,  filter  it  of?  and  test 
the  filtrate  for  proteoses  and  fieptoncs  as  in  4  {J)  (p.  375).  Some 
digestion,  and  perhaps  a  considerable  amount,  may  also  have  taken 
place  in  F  and  F'  :  less  or  none  at  all  in  C  ami  C  ;  and  none  in  the 
other  test-tubes  (pp.  292,  348). 

*  With  hydroi:KIoric  acid  of  tlilTerent  stn-ngths  the  rapidity  of  digestion 
of  boiled  ftlinn  by  (jlyccnne  extract  of  dog's  pancrras  |i  volume  of  extract 
to  25  of  ucid)  was  found  alnrnt  the  same  for  0*3  and  c'l;  per  cent,  acid  ; 
much  less  (or  o'oS  per  cent.,  while  in  0*04  per  cent,  acul  tnere  was  prac- 
tically no  digestion  at  all.  In  0-4  per  cent,  acid  digestion  took  place 
more  rapidly  than  in  o'oS  per  cent.,  hut  much  less  rapidly  than  in  u*i;  pel 
cent.  In  acid  of  all  strrngtlis  digestion  was  marke<lly  slower  than  in 
I  per  cent,  sodium  carlxjnate. 
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H  (c)  Add  a  few  drops  of  the  glycerine  extract  to  a  test-tube  con- 

H  laining  starch  mucilage,  which  has  been  previously  found  free  from 

H  reducing  sugar.     Put  in  ii  bath  at  40'^"  C.     After  a  short  time  abund- 

B  ance  of  reducing  sugar  will  be   found,  owing  to  the  action  of  the 

■  ferment,  amylopsin. 

■  (rf)  Lencin  and  Tyrosin. —  If  pancrealic  digestion  of  proteids  (fibrin. 
I  e.g.)  be  allowed  to  go  on  for  some  time,  part  of  the  peptone  first 
I           formed  may  be  broken  up  into  leucin  and  tyrosin.     If  the  '  digest  ' 

■  be  neutralized  to  separate  alkali-albumin,  then  filtered,  and  the 
I  fdtratc  concentrated  and  allowed  to  stand,  a  crop  of  t>Tosin  crystals 
I  will  separate  out,  since  tyrosin  is  only  slightly  soluble  in  watery 
I  solutions  of  neutral  solts.  These  crystals  haWng  been  filtered  off, 
I  the  proteoses  (albumoses)  and  peptones  can  be  precipitated  together 

■  by  alcohol,  and  afterwards  separated,  if  that  is  desired,  by  rcdissolv- 
I  ing  the  precipitate  in  water  and  throwing  down  the  proteoses  bv 

■  saturation  with  ammonium  sulphate.  The  alcoholic  filtrate  will 
I  contain  any  leucin  that  may  be  present,  since  that  lK)dy  is  moderately 
L  soluble  in  alcohol,  as  well  as  traces  of  t>Tosin,  which,  however,  is 

■  much  loss  soluble  in  this  medium.  On  concentration,  crystals  of  both 
H  substances  will  be  obtained.  Tvrosin  crystallizes  characteristically 
H  from  animal  liquids  in  beautiful  silky  needles  united  into  sheaves, 

■  leucin  in  the  form  of  indistinct  fatty-Iotjking  balls,  often  marked  with 

■  radial  stride  and  coloured  with  pigment  (Kigs.  149  and  150,  p.  396), 

■  7.  Bile, — (fl)  Test  the  reaction  of  ox  bile.  It  is  alkaline  to  litmus, 
I  {b)  Add  dilute  acetic  acid.  A  precipitate  of  bile-mucin  (really 
I  nucleo-albumin)  falls  down.  Some  of  the  bilc-pigment  is  also  pre- 
I         cipitated.     Filter.     (I'ig'a   bile   contains    more   of   the   mucin-likc 

■  substance  than  ox  bile.) 

■  (c)  Put  a  Uttle  of  the  filtrate  from  {b)  or  of  the  original  bile  into  a 
I          porcelain  capsule,  add  a  rlrop  or  two  of  a  dilute  solution  of  cane- 

■  sugar,  and  mix  with  the  bile.     Then  add  a  few  drops  of  strong  sul- 

■  phuric  acid,  and  stir.     Then  a  few  drops  more  of  the  sulphuric  acid, 

■  stirring  all  the  time.  A  purple  colour  appearing  at  once,  or  after 
gentle  heating,  shows  the  presence  of  bile-acids  fPettenkofer's  reac- 
tion). The  bile  may  be  diluted  before  the  addition  of  the  sulphuric 
acid.  In  this  case  a  greater  amount  of  the  acid  must  be  added. 
Examine  the  purple  liquid  in  a  test-tube  with  a  six-ctroacoiH"  (p.  56). 
Dilute  the  liquid  with  water,  adding  some  sulphuric  acid  to  partially 

Icleiir  up  the  precipitate  caused  by  the  water.  Two  absorption  bands 
are  seen,  one  to  the  red  side  of  D,  and  the  other,  a  stronger  and 
broader  band,  over  and  to  the  right  of  E. 
id)  Hay's  Sulphur  Test. — Sprinkle  a  little  sulphur  (in  the  form  of  the 
fine  p»5wdcr  kniiwn  as  H(»wers  of  sulphur)  on  the  surface  of  some  bile 
in  a  small  beaker  or  deep  watch-glass.  The  sulphur  will  soon  sink 
to  the  bottom.  Repeat  with  water  ;  the  sulphur  will  float.  The 
reaction  is  due  to  the  diminution  of  the  surface  tension  produced  by 
the  bile-acids,  and  succeeds  alao  in  a  solution  of  bile-salts.  The  test 
is  very  sensitive.  lUit  in  stomach  contents,  vomit,  or  stools,  it 
rarely  gives  gowl  results,  since  alcohol  or  acetic  acid  is  often 
present  in  the  gastric  liouid.  and  phenol  and  its  derivatives  in 
intcstmal  contents,  and  all  of  these  cause  such  an  alteration  in  the 
surface  tension  that  the  sulphur  sinks.  Ether,  chloroform,  turpen- 
tine, benzine  and  its  derivatives,  anilin  and  soaps,  also  vitiate  the 
test  in  the  same  way. 
(tf)  Add  yellow  nitric  acid  (containing  nitrous  acid)  to  a  little  bile 
on  a  white  porcelain  slab.     A  play  of  colours,  beginning  with  green 
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and  running  through  blue  to  yellow  and  yellowiah-brown,  indicites 
the  presence  of  bilc-piniTu-nt  (dmelin's  reaction).  The  reaction  may 
also  be  obtained  by  jnittin^;  some  yclhiw  nitric  acid  into  a  test-tube, 
and  then  runuinp  a  Uttle  bile  from  a  pi|M*tte  on  to  the  surface  ol  the 
acid.     The  play  of  colours  is  seen  at  the  surface  of  contact. 

(r)  CholesUrin  (Fig.  139)  —  Preparation.  -^\ivz%cX  a  powdered 
gall-stone  (preferably  a  white  one)  with  hot  alcohol  and  ether  iu  a 
test-tube.  Heat  the  test-tube  in  warm  water,  not  in  the  free  flame. 
Put  a  drop  of  the  extract  on  a  shde.  Flat 
crystals  of  cholcstcrin,  often  chipped  at  the 
comers,  separate  out.  («)  Carefully  allow  a 
drop  of  strong  sulphuric  acid  and  a  drop  of 
dilute  iodine  to  run  under  the  cover-glass.  A 
play  of  colours — violet,  blue,  green,  red — is 
seen. 

(^)  Evaporate  a  drop  of  the  solution  of 
cltolesterin  in  a  small  jwrcelain  capsule,  add  a 
drr>p  of  strong  nitric  acid. and  heat  Kcntlyover  a 
flame.  A  yellow  stain  is  left,  which  becomes  red 
when  a  drop  of  ammonia  is  poured  on  it  while  it 
is  still  warm. 

(7)  Dissolve  a  Uttle  cholesterin  in  chloroform. 
Add  an  equal  bulk  of  strong  sulphuric  acid,  and 

shake  gently.  The  solution  turns  red  and  the  subjacent  acid  shows 
a  green  fluorescence. 

(/)  To  demonstrate  the  Presence  of  Iron  in  the  Liver  Ceils. — Steep 
sections  of  liver  in  a  solution  of  potassium  ferrocyanide,  and  then  in 
ddute  hydrochloric  acid.  Or  a  1*5  per  cent,  solution  of  j>otassium 
ferrocyanide  in  o'5  per  cent,  hydrochloric  acid  uiay  be  used.  (The 
iron  may  previously  be  fixed  in  the  tissue  by  hardening  it  in  a 
mixture  of  alcohol  and  ammomum  sulphide.)  The  sections  become 
bluish  from  the  formation  of  tYussian  blue.  A  tinc-pomtcd  glass  rod 
or  a  platinum  lifter  should  be  used  in  manipulating  them.  A  steel 
needle  cannot  be  employe<l.  Mount  in  glycerine  nr  Farrant's  solu- 
tion, or  (after  dehydrating  with  alcohol  and  clearing  in  xTt'lol)  in 
xylol-balsam.  Blue  granules  mav  be  seen  under  the  microscope  in 
some  of  the  hepatic  cells.  Sections  of  spleen  may  also  be  examined 
for  this  reaction. 

(if)  To  sfime  starch  mucilage,  shown  to  be  free  from  sugar,  add  a 
lidle  bile,  and  place  in  a  Ixith  at  40*^  C.  After  a  time  test  for  reducing 
sugar.     RejKirt  the  result. 

8.  Microscopical  Examination  of  Faces. — Examine  under  the 
microsco^io  the  slides  provided.  Draw,  and  as  far  as  possible  deter- 
mine the  n.iUiri.'  of.  the  objects  seen  (p.  3S0). 

O.  Absorption  of  Fat. — Feed  a  rat  or  frog  with  fatty  food  ;  kill  the 
rat  in  three  or  four  hours,  the  frog  in  two  or  three  days.  Imme- 
diately after  kiUing  the  rat  oix;n  the  abdomen,  carefully  draw  out  a 
loop  of  intestine,  and  look  through  the  thin  mesentery.  The  white 
lactealft  ^^^ll  probably  be  seen  ramifxHUg  in  the  mesentery.  They 
appear  white  on  account  of  the  presence  of  globules  of  fat  in  the 
chyle  with  which  they  are  filled.  Strip  off  tiny  pieces  of  the  mucous 
membrane  of  the  small  intestine,  and  steep  them  in  i  jwr  cent,  solu- 
tion of  osmic  acid  for  forty-eight  hours.  Then  tease  fragments  of  the 
mucous  membrane  in  glycerine  and  examine  under  the  microsco^»e- 
To  preserve  the  specimens  take  off  the  Klycermc  with  blottmg-paper 
and  mount  in  Farrant's  medium,  which  is  a  preservative  glyccrmc 
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mixture.  Other  portions  of  the  mucous  inembrane  may  be  hardened 
for  a  fortnight  in  a  mixture  of  2  parts  of  MiiUcr's  fluid  and  i  part 
of  a  1  i>cT  cent,  sohition  of  osmic  acid.  Suctions  arc  tlirn  made 
wilh  a  freezing  microtome  after  embedding  in  ^iini.  No  prctccss 
must  be  used  by  which  the  fat  would  be  dissolved  out  (Schafer). 
(See  Fig.  136.  p.  3^5.) 

lu.*  Time  required  for  Digestion  and  Absorption  of  Various  Food 
Substances.  —  Feed  three  do^s.  A.  B.  and  C.  which  have  prc\*iously 
fiibted  lor  twetity-four  hours,  with  a  meal  containing  starch  {proved 
to  be  free  from  sugar),  lard,  and  meal. 

(1)  After  fifteen  minutes  inject  subcutaneously  into  A  3  c.c.  of  a 
o'l  per  cent,  solution  of  apomorphine.  Note  the  lime  which  elapses 
before  the  animal  vomits.     Collect  the  vomit. 

{a)  Examine  a  little  of  it  under  the  microscope,  and  make  out  fat 
globules,  mnscnlar  fihrrs  and  starch  prranides.  The  latter  can  be 
recognised  by  their  Iwing  coloured  blue  by  a  drop  or  two  of  iodine 
solution. 

(b)  Filter  the  chyme,  mixing  it.  if  necessary,  with  a  little  water. 
and  test  it  as  in  4  (a)  (p.  575)  for  the  products  of  digestion  of  protcids. 
In  addition,  test  for  starch,  dextrin,  and  reducing  sugar, 

(2)  One  and  a  quarter  hours  after  the  meal  inject  apomorphine 
into  dog  B,  and  proceed  as  in  (1 ). 

{3)  Two  and  a  half  hours  after  the  meal  inject  apomorphine  into 
dog  C,  and  proceed  as  in  (i).  Compare  the  results  from  the  three 
sjwcimcns  ot  chyme. 

II.*  Quantity  of  Cane-sugar  inverted  and  absorbed  in  a  Given 
Time. — Take  three  dogs.  A,  H,  and  C.  which  have  fiisted  for  twenty- 
four  hours.  The  animals  should  be  about  the  same  size.  Feed  A 
and  B  with  itjo  c.c.  of  a  standard  solution  of  cane-sugar  (about  a  20 
per  cent,  solution)  or  as  much  more  as  they  \vill  take.  If  the  dogs 
have  been  kept  wnthout  water  for  a  day  they  will  more  readily  take 
the  sugar  solution.  Or  it  may  be  given  through  a  tube  passed  into 
the  stomach,  and  in  this  case  a  larger  quantity  of  sugar  can  be  given. 
A  gag  consisting  of  a  piece  of  wood  with  a  hole  in  the  middle  of  it, 
through  which  the  tube  is  imssed.  must  first  be  secured  in  the  dog's 
mouth.  Feed  C  with  50  grammes  of  powdered  cane-sugar  mixed 
with  lard,  the  mixture  being  rolled  into  httle  balls. 

( I )  After  a  quarter  of  an  hour  put  A  under  chloroform  or  the  A.C.E. 
mixture,  and  fasten  it  on  a  holder.  Kill  the  animal  v^nth  chloroform, 
Ojxi^n  the  abdomen,  tie  the  oesophagus,  place  double  ligatures  on  the 
pyloric  end  of  the  stomach  and  the  lower  end  of  the  small  intestine, 
and  di\-ide  between  them.  Cut  out  the  stomach  and  intestine  ; 
wash  their  contents  into  separate  vessels,  and  test  the  reaction  with 
litmus  paper.  Add  water  and  rub  up  thoroughly.  Filter.  Wash 
the  residue  repeatedly  with  small  quantities  of  water,  and  pass  all 
the  washings  through  the  filter.  Make  up  each  of  the  two  nitrates 
to  200  c.c. 

(a)  Test  the  filtrates  from  the  contents  of  the  stomach  and  intes- 
tines qualitatively  for  glucose  by  Trommer's  (p.  7)  and  the  phenyl- 
hydrazine  test  (p.  430). 

(6)  If  no  reducing  sugar  is  present,  add  to  20  c.c.  of  each  filtrate 

•  Kxperiments  10  and  ii  arc  conveniently  done  in  a  class  by  assigning 
each  of  the  three  animals  to  a  separate  set  of  students.  The  contents  of 
the  stomach  and  intestine  are  tlivided  into  three  portions,  so  that  each 
set  has  a  sample  from  each  dog. 
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1  cc.  of  hydnxlUoric  acid,  bail  for  half  an  hour,  and  again  test  for 
reducing  sugar.     If  it  is  now  faund,  some  cane-sngar  is  present. 

{c)  If  reducing  sugar  is  found,  estimate  its  amount  as  glucose  by 
Fehling's  solution  (p.  430)  in  a  measured  quantity  of  the  original 
filtrate  of  the  gastric  or  intestinal  contents  before  and  after  boiling 
with  one-twentieth  of  its  volume  of  hydrochloric  acid. 

(rf)  Estimate  in  the  same  way  the  amount  (as  glucose)  of  the  invert 
suE;ar  in  the  standard  solution  of  cane-sugar  after  inversion,  and 
belore  inversion  if  it  gives  the  qualitative  test  for  reducing  sugar 
before  it  has  been  boiled  with  acid. 

From  the  data  obtained  (and  taking  95  parts  of  cane-sugar  as 
equal  to  100  parts  of  glucose)  calculate  the  amount  of  cane-sugar 
absorbed,  left  unchanged,  and  inverted,  though  not  absorbed, 

(2)  One  and  a  half  hours  after  the  meal  anspsthetize  B,  and  proceed 
as  in  ( I ). 

(3)  Two  hours  after  the  meal  proceed  in  the  same  way  with  C. 
But  in  addition  observe  the  lacleals  in  the  mesentery,  by  lifting  a 
loop  of  intestine  gently  up  immediately  after  o[x?ning  the  abdomen. 
If  the  absorption  of  the  fat  has  begun,  they  will  be  easily  visible,  as 
a  network  of  fine  milk-wliitc  vessels.  Also  examine  the  gastric  and 
intestinal  contents  with  the  microscope  for  fat  globules.  Compare 
your  results  on  the  amount  of  sugar  obtained  from  the  three  animals. 
t*robably  much  more  unabsorbcd  sugar  will  be  found  in  C  than  in 
B,  as  the  lard  hinders  it  from  being  dissolved. 

12.  Auto-digestion  of  the  Stomach.  In  some  of  the  previous 
experiments  the  stomach  of  an  animal  killci;!  durinp  digestion  should 
be  removed  from  the  body  after  double  ligation  of  cesophiigus  and 
duodenum,  and  placed  in  a  water-bath  at  40°  C.  After  seven\l 
hours  the  contents  should  bo  washed  out.  and  the  mucous  membrane 
examined.      It  may  be  entirely  e;itcn  away  in  p.^r!s. 

i.V  Time  required  for  Food  to  pass  through  the  Alimentary  Canal. 
— Feed  a  dog  with  bones.  Keep  in  a  special  cage,  and  observe 
how  long  it  takes  before  the  easily-recognised  white  bone-fa;ces 
appear. 


CHAPTER    VI 

EXCRETION 

We  have  now  followed  the  ingoing  tide  of  gaseous,  liquid,  and 
solid  substances  within  the  physiological  surface  of  the  body. 
There  we  leave  them  for  the  present,  and  turn  to  the  considera- 
tion of  the  channels  of  outflow,  and  the  waste  products  which 
pass  along  them.  In  a  body  which  is  neither  increasing  nor 
diminishing  in  mass  the  outflow  must  exactly  balance  the  inflow  ; 
all  that  enters  the  body  must  sooner  or  later,  in  however  changed 
a  form,  escape  from  it  again.  In  the  expired  air,  the  urine,  the 
secretions  of  the  skin,  and  the  faeces,  by  far  the  greater  part  of 
the  waste  products  is  eliminated.  Thus  the  carbon  of  the 
absorbed  solids  of  the  food  is  chiefly  given  off  as  carbon  dioxide 
by  the  lungs  ;  the  hydrogen,  as  water  by  the  kidneys,  lungs  and 
skin,  along  with  the  imchanged  water  of  the  food  ;  the  nitrogen, 
as  urea  by  the  kidneys.  The  faeces  in  part  represent  unabsorbed 
portions  of  the  food.  A  small  and  variable  contribution  to  the 
total  excretion  is  the  expectorated  matter,  and  the  secretions 
of  the  nasal  mucous  membrane  and  lachrymal  glands.  Still 
smaller  and  still  more  variable  is  the  loss  in  the  form  of  dead 
epidermic  scales,  hairs,  and  nails.  The  discharges  from  the 
generative  organs  are  to  be  considered  as  excretions  with  refer- 
ence to  the  j^arent  organism,  and  so  is  the  milk,  and  even  the 
foetus  itself,  with  respect  to  the  mother. 

Excretion  by  the  lungs  and  in  the  f.Tces  has  been  already 
dealt  with.  All  that  is  necessary  to  be  said  of  the  expectoration 
and  the  nasal  and  lachrymal  discharges  is  that  the  first  two 
generally  contain  a  good  deal  of  mucin,  and  are  produced  in 
small  miicous  and  serous  glands,  the  cells  of  which  are  of  the 
same  general  tyi)e  as  those  of  the  mucous  and  serous  salivary 
glands.  The  laclirymal  glands  arc  serous  like  the  parotid  ;  and 
the  tears  secreted  by  them  contain  some  albumin  and  salts,  but 
little  or  no  mucin.  The  sexual  secretions  and  milk  will  be  best 
considered  imder  rejiroduction  (Chap.  XIV.),  so  that  there  remain 
only  the  urine  and  the  secretions  of  the  skin  to  be  treated  here. 
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I.  Excretion  by  the  Kidneys, 

The  Chemistry  of  the  Urine. — Normal  urine  is  a  clear 
yelJow  liquid  of  acid  reaction,  and  with  an  average  specific 
gravity  of  alx)ut  1020,  the  usual  limits  being  1015  and  1025, 
although  when  water  is  taken  in  large  quantities,  or  long  with- 
held, the  specific  gravity  may  fall  to  1005 ^  or  even  less,  or  rise 
to  1035,  or  even  more.  The  quantity  passed  in  twenty-four 
hours  is  very  variable,  and  is  especially  dependent  on  the  activity 
of  the  sweat-glands,  binng,  as  a  nile,  smaller  in  summer  when 
the  skin  sweats  much,  than  in  winter  when  it  sweats  little.  The 
average  quantity  for  an  adult  male  is  1200  to  1600  c.c.  (say, 
40  to  50  oz.).* 

Composition  of  Urine. — It  is  oss^'ntially  a  solution  of  urea 
and  inorganic  salts,  the  pro|H)rtion  of  the  latter  lieing  alK>ut 
1-5  per  cent.,  or  double  the  usual  amount  in  physiological  liquids. 
Besides  urea,  there  are  other  nitrogenous  b<xlies  in  much  smaller 
quantity,  such  as  uric  acid  and  the  allied  xanthin  bases,  hippuric 
acid,  and  kreatinin  ;  some  of  these  at  least  are  products  of  the 
inetatK>lism  of  proteids  within  the  tissues.  And  l^esides  the  in- 
organic salts  there  are  certain  organic  bodies — indoxyl,  phenyl, 
pyrokatechin,  skatoxyl — united  with  sulphuric  acid,  which  are 
primarily  derived  from  the  products  of  the  putrefaction  of 
proteids  withni  the  digestive  tube.  In  tabular  form  the  comi>o- 
sition  of  urme,  and  the  total  excretion  by  an  average  man  of 
70  kilos,  may  be  given  thus  : 

Fcr  t-joo  (.>Taniinc&.       In  114  Hour». 

Water      -  -  -  ^jo  1^40  grammes. 

SolitlH      .  -  -  - 

Urea 

Uric  acid  and  purin  bases  -  \ 

Hippuric  acid  -  -  V 

Kreatinin     -  -  -J 

Sodium         -  -  - 1 

Potassium    -  -  •  |^ 

Ammonia     -  -  -  j 

Calcium  and  magnesium  -} 

Chlorine       -  •  '\ 

Phosphoric  acid        -  - '■ 

Sulphuric  acid  I 

Mucus,  pigment,  etc. 

•  The  average  quantity  of  urine  varies  not  only  with  the  season,  but 
also  with  the  liabits  oi  the  person,  especially  as  reganls  the  amount  oj 
lujiiid  taken.  The  average  lor  st-vcnteon  healtliy  (American)  students, 
whose  urine  was  coilcclcd  lor  six  to  eight  successive  days  in  winttr.  was 
II6O  cc.  The  highest  average  in  any  one  iadividuiil  for  the  ub'^erviition 
(leriod  was  1487  c.c.  <Ior  -k-vfn  days),  and  the  lowest  74}  c.c.  llor  right 
days).  The  greatest  quantity  pas.<fd  in  .-iny  one  iwriotl  oi  twenty-lour 
hours  was  2j8f>  c.c.  (by  thtr  individual  whose  average  was  the  highest). 
The  smallest  quantity  passed  in  twenty-four  hours  was  650  tc.  (oy  th« 
uuhvidual  whose  average  was  the  lowest). 
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The  acidity  of  urine  is  not  due  to  free  acid,  for  the  tests  which 
reveal  the  presence  of  free  acid  in  a  mixture,  such  as  the  precipitation 
of  sulphur  on  the  addition  of  sodium  hyposulphite,  and  the  change 
of  colour  of  many  organic  substiinces,  (^ve  a  nej^ativc  result  when 
applied  to  urine.  The  acidity  is  chiefly  due  to  the  acid  phosphates 
ot  sodium  and  potassium  ;  in  a  luss  degree  to  dissolved  carbon 
dioxide.  That  a  considerable  proportion  of  the  phosphoric  acid  is 
normally  present  in  the  form  of  acid  sodium  jihospliiitc  {NaHjEX)4) 
is  shown  by  the  fact  that  barium  chkiridc  usually  precipitates  only 
about  40  per  cent,  of  the  phosphoric  acid,  leaving  the  rest  in  solu- 
tion. Na\\\  baniini  chloride  dt^ns  not  cause  a  precipitate  in  a  dilute 
solution  of  acid  scxhum  phosphate,  but  docs  precipitate  the  di-sodium 
hydrogen  phosph;ue  (NaHoPO,).  The  acidity  is  estimated  by  run- 
ning into  a  given  quantity  of  urine  a  dilute  solution  of  sodium 
hydrate,  which  has  been  previously  liUaLed  with  a  pure  acid  solution 
(say,  oxalic  acid)  ul  known  slrcnglh,  until  a  neutral  reaction  is  just 
obtained.  From  the  amnnnt  of  sodnmi  hydrate  required  the  acidity 
can  be  calculated  in  terms  of  the  standard  acid.  Normally  the  acidity 
of  urine  is  about  equal  to  that  of  a  o'l  per  cent,  solution  of  sulphuric 
acid.  It  diminishes  distinctly,  or  even  gives  place  to  alkalinity, 
during  digestion  when  ttie  acid  of  the  gastric  juice  is  being  secreted. 


Fig.  140. — Uric  Acid. 


Ftg.  t4T.— Calciuu  Oxalate. 


This  is  sometimes  fancifully  denominated  the  alkaline  tide.  After  a 
last,  as  before  breakfast,  tlie  opposite  condition,  the  acid  tide,  occurs. 
The  acidit>'  varies  with  the  quantity  of  vegetable  food  in  the  diet. 
The  urine  of  herbivora  and  vegetarians  is  alkaline,  and  is  either  turbid 
when  passed,  or  on  standing  soon  becomes  turbid  fron\  precipitated 
carbonates  and  phosphates  of  earthy  biises,  wliile  that  of  camivora 
and  of  fasting  herbivora.  wliich  are  Uving  on  their  own  tissues,  is 
strongly  acid  and  clear.  Normal  human  urine  may  deposit  urates 
soon  after  discharge,  as  they  are  more  soluble  in  warm  than  in  cold 
water.  They  carry  down  some  of  the  pigment,  and  therefore  usually 
appear  as  a  pink  or  brick-red  sediment.  When  urine  is  allowed  to 
stand  after  being  voided,  what  is  generally  described  as  '  acid  fer- 
mentation '  occurs.  The  acidity  gradually  increases ;  acid  sodium 
urate  is  produced  from  the  neutral  urate,  and  comes  down  in  the 
form  of  amorphous  granules,  wliile  the  liberated  uric  acid  is  deposited 
often  in  '  whetstone  '  cr^'stals,  coloured  yellow  bv  the  pigment  (Kig. 
140).  Calcium  oxalate  may  also  be  thrown  down  as  '  envelope,'  a.  6, 
or,  less  frequently,  '  sand-glass'  crv^tala,  c  (Fig.  141).  If  the  uriu^o 
is  allowed  to  stand  for  a  few  days,  cs|X!cially  in  a  warm  place,  or  in  a 
place  where  urine  is  decomposing,  the  reaction  becomes  ulHmately 
strongly  alkaline,  owing  to  the  formation  of  ammonium  carbonate 
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from  urea  by  the  action  of  micro  orgaaisms  {Micrococcus  urea,  Bac- 
Urtum  ure/tr,  and  others)  which  reach  it  from  the  air.  and  produce  a 
soluble  ferment,  in  whose  presence  the  urea  is  split  up  under  absorp- 
tion of  water.     Thus  : 

C0N,H4  +  J  HP     =     ( NH4),C03. 

Urea.  Ammonium  carbonate. 

The  substances  insoluble  in  alkaline  urine  arc  thrown  down,  the 
deposit  containing  atnmo^nw-maf^nesic  or  trif>U  phosphate,  formed  bv 
the  union  of  ammonia  with  the  magnesium  phosphate  present  in  fresh 
urine,  and  precipitated  as  clear  crystals  of  '  knife-rest  or  '  coffin-lid  * 
shape  {Fig.  142).  along  with  amorphous  earthy  phosphates,  and  often 


^ 
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Fic.  142. — Triple  Puo&i>hate. 


Fir,.  143.— tvsTiM. 


acid  ammonium  urate  in  the  form  uf  dark  balls  occasionally  covered 
with  spines  (Fig.  145).  Calcium  phosphate  (CaHPO^)  is  another 
phosphate  found  in  sediments  deposited  from  alkaline  or  faintly  acid 
urine.  It  is  usually  amorphous,  but  sometimes  in  the  form  of  long 
prismatic  crystals  arranged  in  star  fashion,  and  hence  spoken  of 
as  stellar  phosi>hate  (Fig.   144).     It  is  not  pigmented. 

It  is  only  in  pathological  conditions  that  the  alkaline  fermentation 
takes  place  within  the  bladder.  The  reaction  of  the  urine  can 
readily  be  made  alkaline  by  the  administration  of  alkalies,  alkaline 
carbonates,  or  the  sails  n'f  vegetable  acids  like  malic,  citric,  and 
tartaric  acid,  which  are  broken  up  in  the  body  and  form  alkaline 
carbonates  with  the  alkalies  of  the  blood  and  lymph.     It  is  not  so 


Flo. 


;44. — Stellar  PiiosniATE 
Crystals. 


Fig.  143' — Amuoniuu  Uratc 

(AFTKR    MlLROV). 


easy  to  increase  the  acidity  of  the  urine,  although  mineral  acids  flo 
so  up  to  a  certain  hmit.  If  the  administration  of  acid  be  i>ushcd 
farther,  ammonia  is  split  of!  from  the  proteids.  and  is  cxcrctca  in  the 
urine  as  the  ammonium  salt  nf  the  acid. 

Determination  of  the  Acidity.— No  s;itisfactory  titration  method 
cxist.s  for  estimating  the  acidity  of  the  urine.  In  six-aking  of  the 
reaction  of  blood,  it  has  already  been  mentioned  (p.  19)  that  in  any 
case  we  cannot  determine  by  titration  the  true  acidity  or  alkalinit>* 
of  a  liquid  in  the  physico-chemical  sense — i.e.,  the  concentration  of  the 
dissociated  hydrogen  and  hydroxvl  ions  respectively.     E.g,,  when  we 
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titrate  equal  quantities  of  decinormal*  acetic  acid  and  decinormat 

hydrocliloric  acid  with  decinormal  potassium  hydrate,  using,  say, 
phcnolphthalein  as  the  indicator,  nearly  the  same  volume  of  the 
potassium  hydrate  sohitian  will  be  needed  to  neutralize  each  acid. 
Yet  it  can  be  shown  by  physico-chemical  methods  that  the  acetic 
acid  in  the  strength  used  is  only  dissociated  to  the  extent  of  a  Utile 
more  than  i  per  cent.,  while  about  i^o  per  cent,  of  the  hydracliloric 
acid  is  dissociated.  The  concentration  of  the  hydrogen  ions  is  there- 
fore eighty  times  as  great  in  the  hydiochloric  as  in  the  acetic  acid 
solution.  What  we  determine  by  the  titration  is  not  the  true 
acidity,  but  the  total  amount  of  hydrogen  which  can  be  replaced 
by  metal.  The  concentration  of  the  hj-drogen  ions  in  normal  urine 
is  very  small,  on  the  average  only  about  o'OO^  milligrammes  in  the 
litre,  or  about  tliirty  times  as  much  as  is  present  in  the  purest  distilled 
water.  Urine  departs  about  as  much  from  neutraUty  in  the  one 
direction  as  blood  does  in  the  other. 

Urea,  CO(NHx).^,  is  the  form  in  which  by  far  the  greater  part  of 
the  nitrogen  is  discharged  from  the  body.  Its  amount  is  as  impor- 
tant a  measure  of  proteid  mctabohsm  as  the  quantity  of  carbon 
dioxide  given  out  by  the  lungs  is  of  the  oxidation  of  carbonaceous 
material.  It  is  soluble  in  water  and  in  alcohol,  and  cr\'stallizes  from 
its  solutions  in  the  form  of  long  colourless  needles,  or  four-sided 
prisms  with  pyramidal  ends.  It  can  be  prepared  from  urine  as 
described  in  the  Practical  Exercises  (p.  422).  IJrea  can  also  be  obtained 
artificially  by  heating  its  isomer,  ammonium  cyanate  (NH^  -  O  -  CX). 
to  I  do"  C.  This  reaction  is  of  great  lustorical  interest,  as  it  forms 
the  final  step  in  Wohlcr's  famous  synthesis  of  urea,  the  first  example 
of  a  complex  product  of  the  activity  of  living  matter  being  formed 
from  the  ordinarj*  materials  of  the  laboratory'.  Heated  in  water>' 
solution  in  a  sealed  tube  to  180**  C,  urea  is  entirely  split  up  into 
carbon  dioxide  and  ammonia,  a  change  which  can  also  be  brought 
about,  as  already  mentioned,  by  the  action  of  micro-organisms. 
Nitrous  acid,  hypochlorous  acid,  and  salts  of  hypobromous  acid  carry 
the  decomposition  still  further,  carbon  dioxide,  nitrogen,  and  water 
being  the  products  of  their  oxidizing  action  on  urea.  Thus  : 
C0.2(NH,)+ 3NaBrO=3NaBr-i- jHjO  +  COa+N,.  This  reaction  is 
the  basis  of  the  hypobromite  method  of  estimating  the  quantity  of 
urea  in  urine  (Practical  Exercises,  p.  423). 

Uric  acid  (QH^N^Os)  exists  in  large  amount  in  the  urine  of  birds. 
The  excrement  of  serpents  consists  almost  entirely  of  uric  acid.  In 
both  cases  it  is  mainly  in  the  form  of  acid  ammonium  urate.  In 
man  and  mammals  the  quantity'  is  comparatively  small  in  health, 
but  is  increased  after  a  meal,  particnUirly  one  containing  substances 
rich  in  uucleo-proteids — e.g.,  the  thymus  of  a  calf. 

The  purin  bases  (sometimes  called  the  nuclein  bases,  the  alluxuric 
bases,  or  the  xanthin  bases)  are  a  group  of  substances  allied  to  uric 
acid,  and  including,  Ixfsides  xanthin  itself,  hyj^xantlun,  guanin, 
adenin,  and  other  bodies.  They  exist  in  very  small  amount  in  urine, 
but.  like  uric  acid,  are  increased  in  amount  by  the  ingestion  of  nuclco- 
protcid.s. 

*  A  normal  solution  of  a  substance  contains  in  a  litre  a  number  of 
grammes  of  the  substance  equal  to  the  number  which  expresses  its 
equivalent  weight — a  decinormal  (usually  written  i\)  solution  one-tenth 
of  this  amount,  a  centinornial  oae-hundredth,  i:tc.  Thus,  a  normal 
solution  of  potassium  hydrate  contains  56  grammes  of  KOH.  and  a  deci- 
normal solution  5*6  grammes  in  1000  c.c 
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Purin 

-     C,H,N,. 

Hypoxanthin 

-     C,H,N,0        - 

Xanthin 

-     C.H,NA       - 

Adeoin 

-     C,H.N^.Naj  - 

Cuantn 

-     C,H„N,O.NH, 

Uric  acid 

-     C,H,N,0,       - 

They  are  called  purin  bodies  because  they,  and  uric  acid  also,  are 
all  to  be  coniiUercd  chemically  as  derivatives  of  a  substance  called 
puna  (C,,H4N4),  which,  however,  has  itself  never  been  discovered 
in  the  body.     Their  empirical  formulae  are  as  follows  : 

-  Monoxypurin       \        . 

-  Dioxypxirin  I  w  ^ 

-  Araino-purm        f  ^  5 

-  Arnino-oxypurinJ  * 

-  Trioxypurin. 

Hippuric  acid  {CvH»NO,)  occurs  in  considerable  tjuantity  in  the 
urine  of  herbivora  ;  in  the  urine  of  carnivora  and  uf  man  only  in 
traces  ;  in  thai  of  birds  not  at  all.  Us  amount  is  much  mure  dci>cn- 
dcnt  on  the  presence  of  particular  subst.inccs  in  the  food  tluin  that  of 
tlie  oUier  organic  constituents  of  urmc.  Anything  which  contams 
benzoic  acid,  or  substances  which  can  be  readily  changod  into  it 
(such  as  cinnamic  and  quinic 
acids),  causes  an  increase  of 
the  hippuric  acid  in  urine. 
In  fact,  one  of  the  best  ways 
of  obtaining  the  latter  is  from 
the  urine  ox  a  person  to  whom 
benzoic  acid  is  given  by  the    V.: 


Fig.  146. — KuATiN. 


Fig.    I-4  7— KRKATININ-flNC-CHLORIOE, 


mouth  ;  the  sweat  may  also  in  tliis  case  contain  a  trace  of  hippuric 
acid.  Chemically,  it  is  a  conjugated  acid  formed  by  the  union  of 
benzoic  acid  and  glycin.     Thus : 

C^H^O^  +  CjH^NOj  =  C,M«NO,  +  H,0. 

Bcruoic  acid.  Glycin.  Hippuric  kcid.      Wu«t. 

Benzoic  acid,  therefore,  meets  glycin  in  the  body,  and  combines  with 
it,  as  fatty  acids  meet  glycerine' and  combine  with  it.  But  neither 
free  glycin  nor  free  glycerine  has  been  detected  in  the  blood  or 
tissues  (Practical  Exercises,  p.  437). 

Oxalic  acid  is  always  present,  although  in  very  small  amount. 
Some  of  it  comes  from  the  oxalates  of  the  food,  but  a  portion  of  it 
arises  in  the  metaboUsm  of  protcids,  and  under  pathological  condi- 
tions, of  carbo-hydrates.  Calcium  oxalate  crystals  are  often 
urinarv  sediments. 


seen  tn 


Kreatinin  (C,H-N,0)  has  only  been  found  as  a  constant  con- 
stituent in  the  urine  of  man  and  a  few  other  mammals.  It  is  possibly 
the  form  in  which  some  of  the  krcatm  of  muscle  Icaveji  the  body. 
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But  a  large  portion  of  the  urinary  kreatinin  is  undoubtedly  derived 
from  the  krcatin  of  the  meat  taken  as  food  (p.  443).  It-s  iormula 
differs  from  that  of  kreatin  only  in  possessing  the  elements  of  one 
molecule  of  water  less  :  and  kreatinm  can  be  obtained  by  boihn^ 
kreatin  with  dilute  sulphuric  acid,  then  neutralizing  with  barium 
carbonate,  filtering,  evaporating  the  filtrate  to  dryness  on  the  water- 
bath,  and  extracting  the  residue  with  alcohol.  From  its  alcoholic 
solution  it  cn-^stallizes  in  colourless  prisms  (Fig.  146).  It  forms 
crystalline  compounds  with  zinc  chloride  and  other  salts  (Fig.  147). 

Carbo-hydrates  are  normally  present  in  human  urine,  but  only  in 
very  nmall  amount.  Three  are  known  with  certainty — dextrose, 
isomaltose,  and  the  so-called  animal  gum  or  urine  dextrin.  Glycu- 
ronic  acid  (C^HioOO,  a  txxly  which  can  be  derived  from  dextrose, 
and  which  occurs  in  the  urine  in  increased  amount  after  the  adminis- 
tration of  chloroform,  chloral,  niirobcniol,  camphor,  and  other 
drugs,  seems  also  to  be  constantly,  or  at  least  frequently  present  in 
small  amount,  probably  paired  with  phenol,  iudoxyl  or  skatoxyl,  as 
a  potassium  salt.  It  gives  FchUng's  test,  and  thus  may  easily  be 
mistaken  for  sugar.  The  total  quantity  of  uirbo-hydrates.  including 
glycuronic  acid,  excreted  in  the  urine  of  tlie  twenty-four  hours  has 
been  estimated  at  2  to  3  grammes.  The  quantity  of  dextrose  in 
normal  human  urine  is  abtnit  o*oi  per  cent.,  or  about  one-tenth  of 
the  proportion  in  blood. 

Proteids,  mainly  serum-albumin,  are  also  found  in  normal  urine 
in  minute  quantities,  on  the  average  about  0*0036  per  cent.  (Momer). 

Pigments  of  Urine. — The  pigments  of  urine  have  not  hitherto  been 
exhaustively  studied  :  but  we  already  know  tliat  normal  urine 
contains  several,  and  pathological  urines  probably  additional,  pig- 
mentary substances.  The  best-known  pigments  in  normal  urine  are 
urochromc,  the  yellow  substance  which  gives  the  liquid  its  ordinary 
colour ;  uroerythrin,  the  pink  pigment  which  often  colours  the 
deposits  of  urates  thiit  separate  even  from  healthy  urine ;  and 
urobilin^  sometimes  termed  novmal  urobilin,  to  distinguish  it  from 
the  so-called  febrile  urobihn,  which,  as  luis  been  already  mentioned, 
is  identical  with  the  fa^zal  pigment  stercobiUn,  and  occurs  not  only 
in  many  febrile  conditions,  but  also  in  cases  with  no  fever,  such  as 
functional  derangements  of  the  liver,  dyspepsia,  chronic  bronchitis, 
and  valvular  diseases  of  the  heart.  Normal  and  febrile  uroljihn  are 
said  to  show  certain  spectroscopic  differences,  but  arc  nevertheless 
one  and  the  same  substance,  and  represent  simply  the  portion  of  the 
stercobihn  which  is  not  excreted  with  the  faeces,  but  absorbed  from 
the  intestine  into  the  blood.  The  urobilin  in  normal  urine  only 
exists  in  small  amount  in  the  fully-formed  condition,  most  of  it  being 
present  as  a  chronwgcn  or  mother-substance,  which  by  oxidation,  as 
on  standing  exposed  to  the  air.  is  converted  into  urobihn.  Urorosein 
is  a  red  pigment  which  is  produced  from  its  chromogen  by  the  action 
of  mineral  acids-  e.g..  strong  hydrochloric  ?.cid— epecially  in  the 
presence  of  an  oxidizing  agent. 

The  pigments  of  tlie  blood  and  bile  and  some  of  their  derivatives 
are  of  common  occurrence  in  the  urine  in  disease.  Htrmatof>orphyrin 
has  not  only  been  found  in  some  pathological  conditions,  but  is 
constantly  present  in  minute  traces  in  normal  urine.  Certain  drugs 
— e.g.,  sufphonal — ci\usQ  an  increase  in  its  amount.  It  can  be  sepa- 
rated from  urine  by  the  addition  of  sodium  or  p<:»tassium  hydrate, 
which  precipitates  the  earthy  phosphates.  The  hsmatoporphjTin 
is  carried  down  with  the  precipitate,  and  may  be  dissolved  out  with 
chlorofonn.     The  chloroform  is  then  evaporated  and  the  residue 
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dissolved  In  alcohol  acidified  with  hydrochloric  acid.  The  alcoholic 
solution  is  ftltcred»  and  examined  with  the  spectroscope.  In 
paroxysmal  haemoglobin uriit.  mttluenwshhtn,  mixed  with  some  oxy- 
na?moglohin.  is  fmmH  in  the  urine  in  large  amount  ;  and  it  is  worthy 
of  note  that  it  is  not  formed  in  the  urine  after  secretion,  but  is  already 
present  as  such  when  it  reaches  the  bladder. 

In  the  rare  condition  termed  alkaptonuria  a  body,  alkapton,  now 
known  tobeidenticalwithhamogeniisimcacid(QHj,  (OH  J*CHj.COOH), 
is  present.  Thu  urine  becomes  dark  brown  on  the  addition  of  an 
alkali,  or  simply  on  exj»osure  to  air.      It  fjivcs  FehHng's  test  Cor  sugar. 

Ferments. — The  urine  contains  traces  of  proteolytic  and  amylo- 
lytic  ferments  (Fig.  148).  These  may  be  easily  separated  from  it  by 
putting  a  little  fibrin,  which  has  the  power  of  fixing  enzymes,  into 
the  urine. 


Fig.   i^k. — Pepsin  in   Urine.         Uustatic  Ferment  in   Ukinil. 
At  dipperent  tjmes  op  tub  pav  (Hopfmasn). 

Of  the  inorganic  constituents  of  urine  the  most  important 
and  most  easily  estimated  are  the  chlorine,  phosphoric  acid,  and 
suli)huric  acid. 

Chlorine. — Much  the  greater  part  of  the  chlorine  is  united  with 
sodium,  a  smaller  amount  with  potassium.  The  chlorides  of  the 
urine  are  undoubtedly  to  a  great  extent  derived  directly  from  the 
cidorides  of  the  food,  and  have  not  the  same  metabolic  significance 
as  the  organic,  and  even  as  some  of  the  other  inorganic  constituents. 
Rut  it  is  noteworthy  that  in  certain  diseased  conditions  the  chlorine 
may  disappear  entirely  from  the  urine,  or  be  greatly  diminished  — 
e.g.,  in  pneumonia,  and  in  general  in  cases  in  which  much  material 
tends  to  pass  out  from  the  blood  in  the  form  of  cHusions  (p.  420). 

Phosphoric  Add. — The  phosphoric  acid  of  the  urine  is  chiefly 
derived  from  the  phosphates  of  the  food,  but  must  partly  come  from 
the  waste  products  of  tissues  rich  in  phosphorus-containing  sub- 
stances, such  as  lecithin  and  nuclcin.  The  phosphoric  acid  is  united 
partly  with  alkalies,  especially  as  acid  sodium  phosphate,  and  i>artly 
with  earthy  bases,  as  phosphates  of  calcium  and  magnesium.  The 
earthy  phosphates  arc  precipitated  by  the  addition  of  an  alkali  to 
urine,  or  in  the  alkaline  fermentation.  In  some  pathological  urines 
they  come  down  when  the  carbon  dioxide  is  driven  off  by  heating ;  a 
precipitate  of  this  sort  differs  from  heat-coagulated  albumin  m  being 
readily  soluble  in  acids  (Practical  Exercises,  p.  421). 

Sulphuric  Acid. — This  is  only  to  a  sUght  extent  derived  from 
ready-formed  sulphates  in  the  food.     The  greater  part  of  it  is  formed 
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iatcstinc  is  changed  into  indoxyU  Q^ivmh  "^'"  wluch  +  SO, 


by  oxidation  of  the  sulphur  of  protcids.     About  nine-tenths  of  the 

snlphurir   acid   of   nnrmal   urinf;   arc   united  to  alkahos  :  the  other 

tenth  is  combined,  in  the  form  of  ethereal  sulphates,  with  aromatic 

bodies  (phenol,  indol,  skatol)  derived  from  the  putrefaction  of  pro- 

teids    in    the     intestine.       Such     arc     potassium-phcnyl-sulphate 

(QHjiKSOi).    potassium  -  kresyl  -  sulphate    (C7H7KSO,).    potassium- 

indoxyl  -  sulj)lialc      (CHriNKS04),     potassium  -  skatoxyl  -  sulphate 

{C|,H,NKSUi).   and   two  double  sulphates  of   potassium  and    pyro- 

catcchin.     The   formation  of  potassium   indoxyl  sulphate   may   be 

/CH  CH 
thus  represented.      Indol,   CnH4''^  jjli         on  absorption  from   the 

«\OK 

(j)otassium    hydrogen    sulphate)    yields     SO^n.  q|^    *       (jxitassium 

indoxyl  suIphatc)  +  Il.jO.  Most  of  those  aromatic  compounds  are 
present  in  ^Tcatcr  amount  in  the  urine  of  the  horse  than  in  the 
normal  urine  of  man  :  but  in  disease  the  quantity  in  the  latter 
may  be  much  increased  :  and  to  a  certain  extent  it  must  be  looked 
upon  as  an  index  of  the  intensity'  of  putrefactive  processes  in  the 
intestine  and  of  absorption  from  it.  Munk  made  the  curious  observa- 
tion that  in  the  urine  of  a  star\ing  dog  the  phenol-forming  substances 
arc  absent,  while  in  the  urine  of  a  starving  man  tliev  are  present  in 
abnormally  large  amoimt.  The  indigo-forming  substances  ('  indi- 
can  ').  on  the  other  hand,  arc  in  hunger  excreted  in  considerable 
<]iiantitv  by  the  dog,  and  not  at  all  bv  man   (FVactical  Exercises. 

p.  422).' 

Phenol  and  kresol  can  easily  be  obtained  from  horse's  urine  by 
mixing  it  with  strong  hydrocliloric  acid  and  distilling.  These  aro- 
matic bodies  pass  over  in  the  distillate.  Pyrocatecliin  remains  behind, 
and  can  be  extracted  by  ether;  it  gives  a  green  colour  with  ferric 
chloride,  which  becomes  violet  on  the  addition  of  sodium  carbonate, 

A  small  amount  of  phosphorus  and  of  sulphur  may  appear  in  the 
urine  in  less  oxidized  forms  than  phosphoric  and  sulphuric  acids. 
Such  sulphur  compounds  arc  jiotassium  sulphocyanidc.  which  is 
prot>abIy,  in  part  at  least,  derived  from  that  of  the  saliva  :  and  ethyl 
snlphide,  a  substance  with  a  penetrating  odour,  which  appears  to  be 
a  constant  constituent  of  dogs'  urine  (Abel), 

ThiosulphuHc  Acid  {H^S-jO^)  occurs  almost  constantly  in  cat's 
urine,  often  in  dog's.     It  is  not  free,  but  combined  with  bases. 

Carbonates  of  sodium,  ammonium,  calcium  and  magnesium  occur 
in  alkahne  urine.  Their  source  is  the  carbonates  and  the  vegetable 
organic  acids  of  the  food.  In  acid  urine  a  certain  amount  of  cart>on 
dioxide  is  present,  although  not  hrmly  united  with  bases,  so  that 
most  of  it  can  be  pumped  out. 

Physico-chemical  Analysis  of  Urine. — The  freezing-point  of  urine 
is  often  determined  to  obtain  a  mcjisure  of  the  molecular  concentra- 
tion, which  with  the  total  quantity  of  urine  secreted  in  a  given  time 
is  an  index  of  the  work  of  the  kidney.  The  greater  the  volume  of 
urine  secreted  per  unit  of  time,  and  the  gieater  the  number  of  mole- 
cules dissolved  in  unit  volume  of  it,  the  greater  is  the  work  of  the 
secretory  apparatus  in  separating  it  from  the  blood  (p.  408). 
Norinally,  ^  has  a  higher  value  for  urine  than  for  blood — i.e.,  the 
molecular  concentration  of  the  urine  is  higher  than  that  of  the  serum. 
But  when  large  draughts  of  water  are  taken  A  may  be  lower  for 
urine  than  for  blood,  and  in  general  it  varies  within  far  wider  limits 
(from  0*1 15°  to  2*546*'  C,  according  to  Kdppc).     The  following  table 
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from    Kdvesi   and   Roth-Schulz  shows  the  changes  in  ^  under  the 
influence  of  water : 


riBM. 

Urine  in  cc. 

A 

I0t0  2 

240 

r8o 

2to6 

255 

172 

6  to  to 

161 

I '93 

lotoa 

131 

2M8 

2  to  6 

160 

2*23 

6  to  lo 

120 

i'9i 

11  to  12 

1*8  litres  '  Salvator  '  water  taken 

— 

12  to  12.30 

i;oo 

0'12 

12.30  to  I 

444 

o*ii 

1         I  to  1.30 

442 

O'lO 

1.30  to  2 
2  to  2.30 

46 

078 

45 

rso 

If  the  electrical  conductivity  is  determined,  wc  obtain  an  ujiproxi- 
niate  measure  of  the  number  of  dissociated  ions  in  unit  volume,  mainly 
the  inorganic  salts.  Deducting  this  from  the  total  number  of  mole- 
cules per  unit  volume  (measured  by  A),  wc  arrive  at  the  concentra- 
tion 01  the  urine  in  non-dissociated  molecules,  mainly  urea  and  other 
organic  constituents.  Precision  is  added  to  such  calculations  by 
estimating  also  in  the  i)rdinary  way  (bv  titration,  r.g.)  one  or  more 
of  the  inorganic  constiLuenls.  especially  the  chlorine,  since  sodium 
chloride  is  quantitatively  the  most  important  of  the  salts.  Various 
formulx  have  been  deduced  from  such  determinations  connecting 
the  freezing-point  and  conductivity  with  other  physical  constants 

of  the  urine.     E.g., =  K=;$,  where  5  is  the  apccihc  gravity  and 

K  a  const.int  with  the  value  75;  -^ — =K=i'45,  where  A  is  the 
specific  conductivity.  A  the  percentage  of  ash.  and  K  a  constant  = 
1*45.  The  iiuotient  ^.  p..  representing  the  ratio  of  the  total  con- 
centration to  the  sodium  chloride  concentration  varies  within  rela- 
tively narrow  hniits  in  health, according  to  Koranyi,  the  diet  exercising 
no  influence  up*>n  it  whatever.     Thus,  in  a  large  number  of  healthy 

J, 
individuals  vi;]  Huctu.Ucd  only  between  rj^and  1 '69,  wltile  ^  varied 

from  1*26 "*  to  2*35°,  and  the  percentage  of  sodium  chloride  from  0*85 
to  1*54.     This  is  illustrated  in  the  table  : 
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Urine  in  cc.  in 

PerccntAffc  of 
NnCt 

^ 

Tw«niy-roar  Hour*. 

NaCU 

'O65 

1-43' 

fo8 

»'32 

1.745 

i*6o* 

1-24 

1-29 

J, 680 

I '68" 

1*28 

i'3» 

I.OI5 

1-84" 

ri5 

r6o 

865 

l'8i^ 

rj6 

1-44 

1.^60 

1-62'* 

rog 

I '49 

840 

2-26** 

r«;o 

1-51 

1,600 

1-46** 

I'U 

1-28 

2.08c 

1-33° 

o'8s 

1'68 
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The  Urine  in  Disease. — Although,  strictly  speaking,  a  tml}^ 
pathological  urine  has  no  place  in  physiology,  the  line  which 
separates  the  urine  of  health  from  that  of  rlisnase  is  often  narrow, 
sometimes  invisible  ;  wliile  the  study  of  ahnormal  constituents 
is  not  only  of  great  im[xjrtance  in  practical  medicine,  but  throws 
light  u]>on  the  physiological  j>rocesses  taking  place  in  the  kidney, 
and  upon  the  general  problems  of  metabolism.  Even  in  health 
the  quantity  of  the  urine,  its  specific  gravity,  its  acidity,  may 
vary  within  wide  limits.  A  hot  day  may  increase  the  secretion 
of  sweat,  and  correspondingly  diminish  the  secretion  of  urine, 
and  the  deficiency  of  water  may  lead  to  a  deposit  of  brick-red 
urates.  A  meal  rich  in  fruit  or  vegetables  may  render  the  urine 
alkaline,  and  its  alkalinity  may  determine  a  precipitate  of  earthy 
phosphates.  But  neither  the  scanty  acid  urine,  with  its 
sediment  of  urates,  nor  the  alkaline  urine  with  its  sedi- 
ment of  phosphates,  comes  into  the  category  of  pathological 
tirines  ;  the  rleviation  horn  the  normal  does  n<jt  amount  to  disease. 
The  maximum  devKition  from  llie  line  of  lieultli  is  the  total 
suppression  of  the  urine.  If  this  lasts  long,  a  train  of  symptoms, 
of  whicli  convulsions  may  be  one  of  the  most  prominent,  and 
which  are  grouped  under  the  name  of  uraemia,  appears.  At 
length  the  patient  becf^mes  comatose,  and  dealh  closes  the 
scene.  Suppression  of  urine  may  be  the  consequence  of  many 
pathological  conditions,  but  there  is  one  case  on  record  in  the 
human  subject  whi<"h,  in  effect,  though  not  in  intention,  belongs 
to  experimental  physiology.  A  surgeon  diagnosed  a  floating 
kidney  in  a  woman.  With  a  natural  impatience  of  loose  odds 
and  ends  of  this  sort,  he  offered  to  remove  it,  and  in  an  evil 
hour  the  patient  consented.  The  surgeon,  a  p>orfec(ly  skilful 
man,  who  acted  (or  the  best,  and  to  whom  no  blame  whatever 
attached,  carried  the  kidney  to  a  well-known  pathologist  for 
exajnination.  The  latter,  to  the  horror  of  the  operator,  sug- 
gested, from  the  a]>|>earance  of  the  organ,  that  it  was  the  only 
kidney  the  woman  possessed.  This  turned  out  to  be  the  fact. 
Not  a  drop  of  urine  was  passed.  Apart  from  this  ominous 
symptom,  all  went  well  for  seven  or  eight  days  ;  but  then  uremic 
troubles  came  on,  and  the  patient  died  on  the  eleventh  or 
thirteenth  day  after  the  operation.  The  autopify  showed  that 
her  only  kidney  had  been  taken  away. 

In  disease  the  urine  may  contain  abnormal  constituents,  or 
ordinary  constituents  in  abnormal  amounts.  Of  the  normal 
constituents  which  may  be  altered  in  quantity,  the  most  im- 
jKtrtant  are  the  water,  the  inorganic  salts,  the  urea,  the  uric 
acid,  and  the  aromatic  substances. 

Water. — A  marked  and  persistent  diminution  in  the  quantity 
oi  urine — that  is  to  say,  practically  in  the  water,  with  or  with- 
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out  an  increase  in  the  specific  gravity — is  suggestive  of  disorgani- 
zation of  the  renal  ejiitlielium.  In  some  infective  diseases  the 
kidney  is  hab]c  to  l)e  secondarily  involved,  its  secreting  cells 
l>eing  perhajjs  crippled  in  the  attempt  to  eliminate  the  bacterial 
poisons.  In  tlie  form  of  |>arcnchynialoiis  i>r  tubal  nephritis 
which  so  frequently  complicates  scarlet  lever,  the  quantity  of  urine 
has  in  some  cases  fallen  to  50  or  Ooc.c.  in  the  twenty-four  hours. 

In  interstitial  nephritis,  on  the  other  hand,  where  the  struc- 
tural changes  in  the  tubules  are,  for  a  long  time  at  least,  com- 
.paratively  circumscribed,  the  quantity  of  urine  is  often  increased, 
Beldom  diminishe<I.  In  thes*?  cases  the  increase  in  the  blood- 
pressure,  associated  with  hypertrophy  of  the  heart,  may  he 
considered  resj.x)nsible  for  the  exaggerated  renal  secretion.  In 
diabetes  mellitus  the  quantity  of  urine  is  greatly  increased,  ^>er- 
haps  in  some  cases  because  more  urea  is  excreted  than  normal, 
and  urea  acts  as  a  diuretic,  |«*rhaps  also  because  the  elimination 
of  sugar  draws  with  it  an  increased  excretion  of  water  to  hold  it 
m  solution.  Altliough  a  s|»ecitic  gravity  as  low  ;is  1002  has  been 
seen  in  healthy  persons  (after  cojiious  ]x>tations),  the  f>ersistence 
of  a  density  l)elow  luio  should  suggest  hydruria.  Watson  men- 
tions  the  case  of  a  boy  with  diabetes  insipidus,  who  voided  in 
twenty-four  hours  g  or  10  pints  (5  to  6  litres)  of  urine  with  a 
specific  gravity  of  1002.  On  the  other  hand,  while  the  s]x^cific 
gravity  has  been  occasionally  observed  to  mount  in  health  to  at 
least  ioj6,  its  persistence  at  1025  or  1030  or  anything  above 
this,  esj)ecially  if  the  urine  is  pale  and  apparently  dilute,  should 
suggest  dial>etes  melUtus. 

Inorganic  Salts. — The  changes  in  the  quantity  ot  the  in- 
organic constituents  of  the  urine  in  disease  are  not,  in  the  present 
state  of  our  knowledge,  of  as  much  importance  as  the  changes 
in  the  organic  constituents.  The  chlorides  may  totally  dis- 
a|>pear  from  the  urine  in  pneumonia,  and  their  reappearance 
after  the  crisis  is,  so  far  as  it  goes,  a  favourable  symptom.  In 
most  cases  in  which  the  quantity  of  the  urine  is  markedly 
lessened,  all  the  inorganic  substances  are  diminished  in  amount. 

Urea. — The  quantity  of  urea  is,  as  a  rule,  increased  in  fever. 
either  absolutely  or  in  proi>ortion  to  the  amount  of  nitrogen  in 
the  food.  In  the  interstitial  varieties  of  kidney  disease  tlic 
urea  is  usually  not  diminished,  but  when  the  stress  of  the  change 
falls  on  the  tubules  (parenchymatous  nephritis),  it  is  distinctly 
decreased — it  may  be  even  to  one-twentieth  of  the  normal. 

Uric  acid  is  diminished  in  the  urine  in  gout  (perha|)s  to  one- 
ninth  of  the  normal),  not  only  diu-ing  the  paroxysms,  but  in 
the  intervals.  It  accumulates  in  the  blood  and  tissues,  and,  as 
sodium  urate,  may  form  concretions  in  the  joints,  the  cartilage 
of  the  ear,  and  other  situations.     Watson  relates  the  case  ofja 


394 


A  MANUAL  OF  PHYSIOLOGY 


gentleman  who  used  tn  avail  himself  of  his  resources  m  this 
respect  by  scoring  the  jKjints  at  cards  on  the  table  with  his 
chalky  knuckles.  In  leukiemia  the  quantity  of  uric  acid  and  purin 
bases  in  the  urine  is  greatly  increased,  not  only  absohitely,  but 
also  in  pro]>ortion  to  the  urea.  As  much  as  4^  grammes  of  free 
uric  acid,  in  addition  to  about  i\  grammes  of  ammonium  urate, 
has  been  found  in  a  urinary  sediment  in  a  case  of  leukaemia. 

The  aromatic  bodies,  of  which  indoxyl  may  be  taken  as  the 
tyjje,  are  increased  when  the  conditions  of  disease  favour  the 
growth  of  bacteria  in  the  intestine,  e.g.,  in  cholera,  arnte  peri- 
tonitis, and  carcinoma  of  i\w.  stornach.  A  marked  increase  in  the 
amomit  of  the  '  [taired  '  suljihuric  acid  in  the  urine  is  to  be  taken 
as  an  indication  tliat  the  bacteria  arc  gaining  the  upi>er  hand 
in  the  intestinal  tract  ;  a  marked  diminution  is  usually  a  sign 
that  the  battle  has  begun  to  turn  in  favour  of  the  organism 
(Practical  Exercises,  ]),  422).  Tryptophane,  a  substance  which 
we  have  already  recognised  among  the  products  of  the  tryptic 
digestion  of  i>rotcids,  has  been  shown  to  be  a  precursor  of  indol, 
which  is  f{)rmed  from  il  under  the  influence  of  bacteria.  WTien 
try[jtophane  is  injected  into  the  Ciecum  of  rabbits,  the  indican  in 
the  urine  is  markedly  increased,  but  not  when  it  is  subcutaneously 
injected,  or  even  when  it  is  given  with  the  food.  Putrefactive 
processes  in  other  parts  of  the  body  than  the  intestine  may  also 
increase  the  indiciui  in  the  urine — e.g.,  a  collection  of  putrid  pus 
in  the  pleural  c-avity. 

Abnormal  Substances  in  Urine. — Sugar,  proteids.  the  pig- 
ments of  t)Ue  and  blood,  or  their  derivatives,  are  the  most 
imi)ortant  abnormal  substances  found  in  solution  in  the  urine. 
Normal  urine,  as  has  been  stated,  contains  a  trace  of  dextrose, 
but  so  little  that  it  cannot  be  detected  by  ordinary  tests,  and 
for  practical  purjwses  it  may  be  considered  absent.  Dextrose  is 
the  sugar  found  in  the  urine  in  diabetes.  In  the  urine  of  nursing 
niolhers  lactost^  may  be  present.  Pentoses,  sugars  with  five 
carbon  atoms  in  the  molecule  (instead  of  six,  as  in  the  hexoscs,  of 
whicli  group  dextrose  is  a  member)  may  also  occasionally  occur 
in  urine.  Pentoses  give  the  ordinary  reduction  tests  for  sugar, 
and  yield  osajcones.  but  do  not  ferment  with  yeast.  Various  plants 
contain  pentoses,  and  when  these  are  eaten  the  pentoses  are 
excreted  in  the  urine,  but  in  cases  of  true  pentosuria  they 
originate  in  the  body,  jxissibly  from  nucleoproteids.  The  con- 
dition has  not  the  same  sinister  significance  as  diabetes.  Tox- 
albununs  produced  by  bacterial  action  have  been  demonstrated 
ia  the  urine  in  certain  diseases,  as  in  er^'sipelas  (Brieger  and 
Wa&sermann),  Revl  blood-corpuscles  and  leucocytes  (pus  cor- 
»u^es.  white  bloud-corpuscles»  mucus  corpuscles)  are  the  chief 
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organized  deposits;  but  spermatozoa  may  occasionally  be  found, 
as  well  as  pathogenic  bacteria — e.g.,  the  tyi>hoi(l  bacillus ; 
and  in  disease  of  the  kidney  casts  of  the  renal  tubules  are  not 
uncomnn)n.  These  tube-casts  may  be  comi^KJsed  chiefly  of 
red  blood-corpuscles,  or  of  leucocytes,  or  of  the  epitheliimi  of 
the  tubules,  sometimes  fattily  degenerated,  or  of  structureless 
[»roteid,  or  oi  amyloid  substance.  Abnormal  crystalline  sub- 
stances, such  as  leucin  {Fi^.  140).  tyrosiu  (Fig.  I5>>),  and  cystin 
(^oH,jNjS./)|)  may  be  on  rare  occasions  found  m  urinary  sedi- 
ments ;  but  generally  the  unorganized  deposits  of  pathological 
urine  consist  of  bodies  actually  contained  in,  or  obtainable  from, 
the  normal  secretion,  bul  )>reseiU  in  excess,  either  absolutely, 
or  relatively  to  the  solvent  power  of  the  urine.  Cystin  (Fig.  143) 
is  of  interest  because  of  its  possible  relations  I0  the  sulphur  of 
the  proteid  molecule.  It  is  not  found  in  the  normal  organism, 
It  very  occasiomUly  forms  calculi  in  the  bladder.  There  are 
individuals  who  constantly  pass  as  much  as  one-fourth  of  all 
the  sulphur  in  the  form  of  cystin,  without  any  other  symptoms. 


Sugar.  — In  diabetes  mcUitus,  although  the  quantity  of  urine  is 
usually  much  increasetl,  its  specific  gravity  is  above  the  normal ;  and 
this  is  due  chiefly  to  the  presence  of  sugar  (dextrose),  which  generally 
amounts  to  i  to  5  per  cent.,  but  may  in  extreme  cases  reach  10  or 
even  15  per  cent,,  more  than  half  a  kilogramme  being  sometimes 
given  off  in  twenty-four  hours. 

The  name  of  the  tests  for  glucose  is  legion.  They  are  mostly 
founded  on  its  reducing  action  in  alkaline  solution.  Hydrated  oxide 
of  bismuth  (Boettcher).  salts  of  gold,  platinum  and  silver,  indigo 
(Mulder),  and  a  host  of  other  substances,  are  rc<luced  by  dextrose, 
and  may  be  used  to  show  its  presence.  The  reduction  of  cupric 
salts  (Tromnior),  fermentation  by  yeast,  and  the  formation  of  crystals 
of  phcnyl-glucosiizonc  are  the  best  established  tests.  (Sec  Practical 
Exercises,  p.  420.) 

Proteids. — Serum-albumin  and  scrum-globulin  arc  the  proteids 
most  commonly  found  in  pathological  urine.  Both  are  coagulated 
by  heating  the  urine,  slightly  acidulated  if  it  is  not  already  acid,  or 
by  the  addition  of  strong  nitric  .icid  in  the  cold.  Proteoses  (albu- 
moses)  are  also  occasionally  present,  e.i^„  in  the  disease  called 
*  osteomalacia '  and  in  conditions  associated  with  the  formation  and 
especially  with  the  decomi>osilion  of  pus.  They  may  be  recognised 
by  the  tests  given  in  the  iVactical  Exercises  (p.  428).  It  is  doubtful 
whether  the  presence  of  true  peptone  has  as  yet  been  satisfactorily 
made  out. 

The  presence  of  bile-salts  may  be  shown  by  Hay's  test  (p.  433).  or 
PettenUofer's  test  (p.  378). 

The  ni);ments  of  blood  and  bile  may  t>e  detected  by  the  char- 
acters described  in  treating  of  these  substances  :  the  spectrum  of 
oxyha*moglnbm,  or  metha?moglobin.  or  any  of  the  other  derivatives 
of  hienioKl"bin.  with  the  formation  of  hiemin  cnstals,  would  afford 

froof  of  the  presence  of  the  former,  and  Gmelin's  test  uf  the  latter. 
ho  red  blood-corpuscles,  seen  with  the  microscope,  arc  the  most 
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decisive  evidence  of  the  presence  of  blood,  as  leucocytes  in  abundance 
arc  of  the  presence  of  pns.  It  should  be  remembered  that  pus  in 
the  urine  of  women  has  snmritimos  no  sifinificancc  except  as  show*in{; 
that  there  has  been  an  admixture  of  leucorrheal  discharge  from  Ihcr 
vagina.     (See  Practical  Exercises,  pp.  56,  378.) 

The  Secretion  of  the  Urine. — We  have  now  to  consider  the 
mechanism  by  wliich  the  urine  is  formed  in  the  kiilney  from  the 
matenals  brought  to  it  by  the  blood.  And  here  Xhe  same 
questions  arise  as  have  already  been  discussed  in  the  case  of  the 
salivary  and  other  digestive  glands  :  (1)  Are  the  urinary  con- 
stituents, or  any  of  them,  present  as  snch  in  the  blood  ?  (2)  If 
they  do  exist  in  the  l>loo(i,  can  they  he  stiown  to  be  separated 
from  it  by  processes  mafniv  ]ihysical  or  mainly  vital — in  other 
words,  by  ordinary  filtration,  diffusion  and  osmosis,  or  by  the 
selective  action  of  living  cells  ?  In  the  case  of  the  digestive 
juices  it  has  been  seen  that  some  constituents  are  already  present 
in  the  blood,  but  that  physical  laws  alone,  so  far  as  we  at  present 
understand  them,  cannot  explain  the  projjortions  in  which  they 
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occur  in  the  secretions,  nor  the  conditions  under  which  they  are 
separated  ;  while  other  constituents — and  these  the  more  specific 
and  imix>rtant — are  manufactured  in  the  gland-cells. 

In  the  kidneys  the  conditions  seem  at  first  sight  favourable 
to  physical  separation,  as  opposed  to  physiological  secretion. 
Urine  has  been  described  as  essentially  a  solution  of  urea  and 
salts,  and  both  are  ready  formed  in  thi'  blood.  The  arrange- 
ment of  the  bloodvessels,  too,  suggests  an  ap()aratus  for  filtering 
under  j^ressure. 

Bloodvessels  and  Secreting  Tubules  of  Kidney. — The  renal  artery 
splits  up  at  the  hilus  into  several  branches,  which  pass  in  between 
the  Malpighian  pyramids,  and  form  at  the  boundary  of  the  cortex 
and  medulla  vascular  arches,  from  which  spring,  on  the  one  side, 
interlobular  arteries  running  up  into  the  cortex  between  the  pyramids 
of  Forrein,  and,  on  the  other,  vasa  recta  running  down  into  the 
boundary'  layer  of  the  medulla  (Fig.  151).  The  interlobular  arteries 
give  off  at  intervals  afferent  vessels  ;  each  of  these  soon  breaks  up 
into  a  glomerulus  or  tufl  of  vascular  loops,  which  gather  themselves 
up  again  into  a  single  efferent  vessel  of  somewhat  smaller  caUbrc  than 
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the  afferent.  The  glomerulus  is  fitted  into  a  cup  or  capsule  (of 
Bowman),  which  is  closely  reflected  over  it,  except  where  the  afferent 
and  efferent  vessels  pass  through,  and  forms  the  bcRinning  of  a  urinary 
tubule.  If  we  suppose  the  tuft  pushed  into  the  blind  end  of  the, 
tubule  so  as  to  innent  it,  it  will  be  easily  understood  that  the  singlfti 
layer  of  flattened  epithelium  reflected  nn  the  glomeruhis  is  continuous 
with  that  lining  the  capsule,  which  in  its  turn  is  continuous  with  the 
epithelial  layer  of  the  rest  of  the  urinary  tubule.  This  tuis  been 
divided  by  liistuloKists  intn  a  number  of  [>arts  which  it  is  unnecessary 
to  enumcratf  here,  further  than  to  say  that  the  urmary  tubule  proper 
begins  in  the  cortex  in  Bfjwman's  cai>sule  and  the  proximal  convo- 
luted tubule  (with  its  continuation,  the  spiral  tubule),  and  ends  in 
the  cortex  with  the  distal  convoluted  tubule,  the  connection  between 
the  two  being  made  by  a  long  loop  (Henle's)  with  a  descending  and 
an  ascending  limb  (Fig.  15:;). 

The  distal  convoluted  tube  joins  by  means  of  the  short  con- 
necting tubule  one  of  the  straight  tubules  which  form  the  pyramids 
of  Fcrrcin  or  medullary  rays  in  the  cortex,  and  which  run  down  into 
the  medulla,  always  uniting  into  larger  and  larger  tubes  as  they 
go,  until  at  length  they  open  as  ducts  of  Bellini  on  the  apex  of  a 
papilla.  The  two  convoluted  tubules  and  the  ascending  hmb 
of  Henle's  loop  arc  lined  by  similar  epitheUal  cells  with  granular 
contents  and  a  striated  or  *  rodded  '  appearance  (Fig.  153).  We 
shall  sec  directly  that  this  morphological  agreement  is  the  index 
of  a  functional  likeness.  The  bioofl-supply  of  the  tubules.  csi>eci- 
ally  of  the  convoluted  portions,  is  exceedingly  rich,  the  efferent 
vessels  of  the  glomeruli  breaking  up  around  them  into  a  closc- 
mcshcd  network  of  capillaries,  from  wliich  the  blood  is  collected 
into  interlobular  veins  running  parallel  to  the  interlobular  arteries 
between  the  pyramids  of  Fcrrein.  The  straight  tubules  of  the 
medulla  are  also  surrounded  by  capillaries  given  off  from  straight 
arteries  (artcriae  rectae)  running  down  into  it  partly  from  the  arterial 
arches  and  partly  from  efferent  vessels  of  the  glomcruU  nearest  the 
boundary  layer,  the  blood  passing  away  by  straight  veins  (venx 
recta;)  which  join  the  larger  veins  accompan>ing  the  arterial  arches. 
The  greater  part  of  the  blood  going  through  the  kidney  has  to  pass 
through  two  sets  of  capillaries,  one  in  the  glomeruli,  the  other  around 
the  tubules.  Even  the  portion  of  it  which  docs  not  go  through  the 
glomeruli  has  for  the  most  part  a  long  route  to  traverse  in  narrow 
arterioles  and  venules  to  and  from  its  capillary  distribution.  And 
the  mean  circulation-time  through  the  kidney  has  been  found  to  t)c 
longer  than  that  through  most  other  organs  (p.  1 10). 


Theories  of  Renal  Secretion. — To  come  back  to  our  problem 
of  the  nature  o\  renal  secretion,  the  anatomical  structure  of  the 
kidney  might  h^  expected  iv  throw  light  ujxin  the  question. 
And,  indeed,  it  was  on  a  purely  histological  foundation  that 
Bownian  established  his  famous  '  vital  '  theory  of  renal  secre- 
tion. Impressed  with  the  resemblance  between  the  renal 
epithelium  and  the  ejuthelial  tolls  of  other  glands,  and  with  the 
distribution  of  the  blixxivessels  in  the  kidney,  he  came  to  the 
conclusion  that  the  characteristic  constituents  of  urine,  in- 
cluding urea,  were  secreted  from  the  blood  by  the  tubules.  To 
the  Malpighian  bodies  he  assigneii  what  he  doubtless  considered 
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Fjo.  151.  —  Diagram  ok 
BtooDvsssHLS  or  Kidney 
(Klein,  after  Luuwig). 

at,  interlobular  artery :  t>i. 
jnterlobular  vdu  ;  ^,  glomer- 
ulus, to  which  an  afferent 
artery  is  seen  comiug  from  the 
interlobular  artery,  and  from 
which  an  efferent  artery  pm- 
rteds  to  break  up  into  a  t-apil- 
lary  network  surrouuding  the 
renal  tubules  ;  is,  vena  slel- 
lata  ;  or,  arleria"  recta;  :  p6. 
leash  of  ven«  reciai ;  i-.^.  vas- 
cular network  round  ducts  at 
apex  of  a  papilla. 


A,  cortex  ;  o,  layer  of  cortex  immediately  unc 
capsule  containing  no  Malpigbian  corpuscles ;' 
a',  inner  layer  of  cortex  devoid  of  Malpighian  cor- 
puscles :  B,  boundary  layer  ;  C,  papillary'  cone  of 
medulla  ;  i,  Bowman's  capsule  ;  3,  neck  of  cap- 
sule ;  3,  proximal  convoluted  tnbule  ;  4.  spiral 
tubule :  5.  descending  part  of  Henle's  loop- 
tiibiilo ;  6.  the  loop  ;  7,  9,  and  9.  ascending  limb 
of  loop-tubule ;  m,  irregular  tubule:  11.  distal 
convoluted  tubule  ;  12.  juncliotial  tubule  ;  13, 
collecting  tubule,  in  a  medullary  ray  oc  pyra- 
mid of  Ferrein  :  14,  collecting  tubule  in  the 
botmdary  layer ;  15,  large  collecting  tubule 
coding  in  a  duct  of  Bellini. 
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the  humbler  office  of  separating  water  (rem  the  blood  for  the 
solution  of  the  all-important  solids.  To  Ludwig,  on  the  other 
hand,  with  his  whole  attention  fastened  on  the  mechanical 
factors  by  which  the  How  of  urine  could  be  influenced,  the 
tubules  seemed  of  secondary  importance,  while  tlie  glomeruli 
appeared  a  complete  apparatus  for  filtering  urine  from  the  blood 
into  Bowman's  capsule.  He  saw  that  the  efferent  vessel  was 
smaller  than  the  afferent ;  that  it  was  therefore  easier  for  blood 


Fig.  153.— Frou  a  Vertical  Skction  or  Doc's  Kidnkv  to  show  tub  Struc- 
TURC  or  DirrERCNT  PORTIONS  or  THK  Rknal  Tobulc  (Klein). 

d,  Bowman's  capsule  enclosiag  glomerulus,  the  capiUaries  of  which  are  arranged 
IQ  lobules  scparatt^d  bv  a  little  conneciivc  tissue.  The  rapsiUe  and  glnracrulus  ' 
toi^ther  ronstittitr  a  M.ilpighiaii  body  or  corpiLsrIe  :  h,  nrrk  of  capsule  ;  c,  c,  con- 
voluted tubules,  cut  in  various  dircctjuris  ;  b,  irregular  or  zigzag  tubule  :  d^  e,  and 
/  are  straight  tubules,  which  lake  part  in  the  fonnalion  o{  a  medullary  ray  or 
jvyramid  of  Fc-rrciti :  </.  collocling  tubule  ;  «.  t,  spiral  tubule  ;  /,  narrow  part  of 
ascending  limb  of  Hrnle's  loiip'tuUiile  ;  c  and  r  arc  lined  with  rodded  rpilbelium- 


to  come  to  the  glomenilus  than  to  get  away  from  it,  and  that 
the  pressure  in  the  capillaries  of  the  tuft  must  be  higher  tlian  in 
ordinary  capillaries,  because  the  resistance  beyond  them  in  the 
comparatively  narrow  efferent  vessel,  and  especially  in  the 
second  plexus,  is  greater  than  the  resistance  beyond  a  single 
capillary  network.  And  experimental  investigation  soon  showed 
him  that  the  rate  at  which  urine  was  formed  could  be  greatly 
influenced  by  changes  in  the  blood-pressure. 
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On  Hijrh  <vmHirli;ration.H,  Ludwig  founded  the  '  mechanical ' 
Wmtty  of  urinary  twrcnition,  which,  although  in  a  much  modified 
form,  %\\\\  divfrU:H  with  the  *  vital '  theory  the  all^;iance  of  physi- 
olof^JHttt,  It  in  imixMHiblc  here  to  enter  in  detail  into  a  con- 
frovftrMy  that  han  extende/1  over  half  a  century  and  produced  an 
<*xtirnfiiv4r  lit<!rature.  The  result  of  the  discussion  has  been,  in 
our  o)Mnir)n,  to  (jHtabtish  in  its  essential  principles  the  '  vital ' 
theory  of  Bowman,  or  at  least  to  show  that  no  purely  phjrsico- 
<  hrniical  theory  as  yet  constructed  will  account  for  all  the  facts. 

l.udwif{  HUp|M)H(Hl  that  the  urine,  qualitatively  complete  in  all 
itft  <'onHtitucntH,  was  simply  filtered  through  the  glomeruli,  the 
work  (lone  in  this  filtration  being  ])erformed  entirely  at  the 
rx|Hinw!  of  the  energy  of  the  heart-beat  represented  as  lateral 
priWHure  ill  tlm  vossels  of  the  tufts.  Hut  as  the  proportion  of 
HultH,  and  especially  (»f  urea,  is  very  far  from  being  the  same 
ill  urine  an  in  l)loo(l,  it  had  further  to  be  assumed  that  the  liquid 
wliicli  pasHOJ*  into  Bowman's  capsule  is  exceeding  dilute,  and 
that  absorption  of  water,  and  perhaps  of  other  constituents, 
taken  place  in  its  passage  along  the  renal  tubules.  This  pro- 
cess of  leabsorptiou  he  jiictured  as  a  purely  physical  diffusion 
lietwtM^n  tlie  dilute  urine  in  contact  with  the  free  ends  of  the 
epitlieliul  cells  lining  the  tubules  and  the  much  more  concen- 
trutetl  lymph  with  wliich  their  deep  ends  are  bathed.  The 
great  length  of  these  tubules,  as  compared  with  those  of 
ntost  t>ther  ghuuls,  might  indeed  seem  to  indicate  a  long  sojourn 
of  the  urine  in  thenu  and  the  probability  of  important  changes 
being  liUistnl  in  its  |Kiss;ige  along  them.  But  if  we  consider  the 
nnmense  length  (tn*  to  70  cm.)  of  the  seminal  tubules  and  of 
then  gij;.u»!ii-  ducts  (epuhilynus  t>  metres),  where,  of  course. 
al»MMptu»n  \A  WMter  on  .\  larj;e  scale  is  out  of  the  question,  it 
wUI  tv  jitant^xl  that  httio  can  bo  built  \\\m>\\  the  mere  length  of 
the  lenal  tubules.  iM»  the  tether  hand,  the  s;ili\  ary  glands,  where 
theu^  aie  nv»  *;lonuMuli.  secrete  as  much  water  as  the  kidne\*s 
aie  >\ip|s»si\l  to  lUtei  ;  auvl  the  (wnore.u^.  whose  capillaries  form 
the  lUNt  ot  a  vl^nible  set.  and  lluMetove  in  this  respect  corTesjx>nd 
l\^  the  lenal  t:l\Muenih.  stvietts  less  water  th.m  the  liver,  whose 
vaptHar u*^  v\»r ^es'jsnivl  to  tV.e  Un\ -•j^vessxuo  plexus  around  the 
v\*u\v^iu:v\;  v.il^v.'.es  v^;  t!u-  N\ltu^\\  s.^  that  vieviuctions  drawn 
tunv.  tlv  a:'a:vnv,ical  tv'la;'.v';*.s  ot  :^.e  bUv\!ves>eIs  are  not  in  this 
va>v^  \".  '"I'.cV.  \a'xu\  '.;v.*e»  >x*.;*jv. ;^\:  >y  ■.hvsiokvioi!  results. 

It  ^v  N."v,v'u '*,.;:  uv.\-. ::;"a:o  :'-.a:  s\>:.:f.A::--  wr.ters  have  fallen 
I'ltv^  ;*'c  *i.;'.--:  .•■  .;-<.-.;^:-'^  V";'  :".v'\a":s:"  .-:  ;:r:"Arv  s<?crttiori 
a^  v  :-'..•  1  ■..*\^  ^  ■-■  .'  -N  .■.•■..*.  :'/-.  l^  u-.v.-.  :h;vrv  :'res<?nted 
a"  cv.ic!  .;■'•,:  .■^■''  ..^  ■  :  ."  ■','  .''-■■;'.;  .;  ;  ■•"':'-;::■  "v.^vr-jJiical 
c\;^\;:'.i:v  ■  •  :-.  "  '.■.•^^.  •■■*  ."■  :"  ;  -Vv  \;;--^:\:  is  ennrely 
\  ■-.;.'     .;■•■.;      :  ■.   .'v  '>>  :".-V.i^vv  :v. ■■.-.>  ■ ;.'   ;\\  l^^.k:>:n. 
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We  need  not  concern  ourselves  here  with  the  historical  develop- 
ment of  this  discussion.  Three  main  questions  require  our  atten* 
tion  : 

1.  Is  there  any  evidence  that  reahsorption  actually  occurs  in 
the  tubules?  If  reabsorptjon  on  an  im[X)rtanl  scale  does  take 
place,  it  follows  at  once  that  there  musl  he  a  difference  of  function 
between  the  two  parts  of  the  renal  apparatus,  through  which 
urinary  constituents  pass  in  opposite  directions. 

2.  But  if  there  is  no  reahsorption,  or  none  of  importance,  it 
may  still  be  asked  whether,  the  direction  of  movement  of  the 
urinary  constituents  through  the  glomeruli  and  the  tubular 
epithelium  being  the  same,  some  quantitative  or  qualitative 
difference  in  their  activity  may  not  exist,  certain  constituents, 
e.g.,  passing  mainly  or  exclusively  through  the  one  or  the  other. 

3.  When  these  questions  have  l>een  settled,  we  arc  in  a  ]>osition 
to  consider  the  nature  of  the  process  by  which  the  urinary  con- 
stituents find  their  way  from  the  blood  into  the  liunon  of  the 
capsules  and  the  tubules^  or,  if  there  is  reahsorption,  out  of  the 
tubules  into  the  lymph  and  blood  again,  and  to  see  whether  or 
no  it  can  be  entirely  explained  on  mechanical  and  physico- 
chemical  principles. 

That  some  absorption  can  take  place  from  the  kidney  when 
the  pressure  in  the  ureter  is  abnonnally  raised  need  not  be 
doubted,  and  when  substances  like  potassium  iodide  or  strych- 
nine are  introduced  into  the  ureter  or  the  pelvis  of  the  kidney 
under  these  circumstances,  they  can  speedily  be  detected  in 
the  blood.  The  attempt  has  been  made  to  decide  whether 
absorption  normally  occurs  by  removing  as  much  of  the  tubules 
as  possible,  and  seeing  whether  the  character  of  the  urine  is 
altered.  In  rabbits  the  whole  or  a  large  portion  of  the  medulla 
has  been  excised  from  one  kidney  and  the  other  then  extirpated. 
From  the  mutilated  kidney  two  or  three  times  as  much  urine 
flowed  as  was  secreted  by  a  control  rabbit  operated  on  in 
the  same  way,  except  for  the  removal  of  the  rena  medulla 
(Ribbert).  The  conclusion  was  drawn  that  the  greater  quantity 
of  urine  escaping  was  due  to  the  smaller  opportunity  for  re- 
absorption  of  the  water.  But  Bradford's  cxi>eriments,  men- 
tioned on  p.  485,  show  that  this  conclxision  is  not  permissible, 
and  so  far  the  direct  method  of  eliminating  the  tubules  has  left 
the  matter  where  it  was. 

Some  light  has  been  thrown  on  this  question,  by  taking  ad- 
vantage of  the  anatomical  fact  that  the  kidney  of  batrachians, 
and,  indeed,  that  of  fishes  and  ophidia  as  well,  has  a  double 
blood-supply.  The  renal  artery  gives  off  afferent  vessels  to 
the  glomenili ;  the  vena  advehens,  or  renal  portal  vein,  breaks 
up,  like  the  portal  vein  in  the  liver,  into  a  plexus  of  capillaries 

26 


402 


A   MANUAL  OF  PHYSIOLOGY 


surrounding  the  tubules,  and  there  seems  to  be  no  communica- 
tion between  the  two  vascular  systems. 

By  tying  all  the  arterie-s  Kf^irig  tt>  the  kidneys  in  frogs  the  circu- 
latkin  through  the  glomeruli  cau  be  completely  cut  off,  while 
ligation  of  the  renal  portal  vein  does  not  affect  the  blood-supply 
of  the  glomeruli,  though  markedly  interfering  with  that  of  the 
tubules.  Gunvitsch  has  found  that  after  ligation  of  the  renal 
portal  vein  of  one  kidney  in  (male)  frogs,  the  flow  of  urine  from 
that  kidney  is  much  diminished  as  oomparetl  with  the  other. 
He  argues  that  if  reabsoq>tion  of  dilute  urine  filtered  through  the 
glomeruli  takes  place  in  the  tubules,  the  opposite  result  ought 
to  be  obtained,  since  the  glomeruli  are  not  affected,  while  any 

absorptive  power  of  the  tubules 
must  he  crippled  or  abolished. 

In  connection  with  the  second 
question,  and  also  incidentally 
wit!i  the  first,  the  results  of  ex- 
[>eriments  on  the  distribution  of 
pigments  in  the  kidney  after 
their  injection  into  the  blood 
have  oiten  been  a]>pea]ed  to. 
Heidenhaiu  iujectud  indigo- 
carmine  into  the  blood  of  rabbits, 
and  after  a  variable  time  killed 
them,  rut  out  the  kidneys,  and 
flushed  them  with  alcohol.  His 
results  were  as  follows  :  (i) 
When  the  sjunal  cord  was  cut 
before  the  injection  in  order  to 
reduce  the  bkHxl  -  pressure,  the 
blue  granules  were  found  in  the 
'  rodded  '  epithelium  of  the  con- 
voluted tubules  and  the  ascending  limb  of  Henle's  loop,  and 
in  the  lumen  of  llie  tubules,  but  nowhere  else.  Bowman's 
capsules  contained  no  f>igiuent.  The  renal  cortex  was  coloured 
blue,  (2)  When  the  spmal  cord  was  not  cut,  the  pigment  was 
found  in  the  medulla  and  p)elvis  of  the  kidney,  as  well  as  in  the 
cortex,  but  always  in  the  lumen  of  the  tubules,  and  not  in  the 
epithelium,  except  in  the  situations  menti<»neii.  (j)  H  a  |;>ortion 
of  the  cortex  of  the  kidney  had  been  cauterized  with  nitrate  of 
silver  before  injection  of  the  pigment,  the  spinal  cord  being  left 
intact,  a  wedge  of  the  renal  substance,  corre-S|M)ndmg  to  this 
area,  remained  colouied  only  in  the  cortex,  although  the  rest 
was  blue  in  the  medulla  also.  The  'rodded'  epitheliiun  was 
filled  with  blue  granules  as  before  (Fig.  154). 
(i)  Shows  that  the  epithelium  is  capable  of  excreting  some 


I'IG.      15  !.— HlALrkAM     OF     I>ISrRIUl'- 
riON       Ol'       PlUMfcNT       IN       KlUNEV 

AFTEK   Injection  into  IJLoon. 

The  cortex  between  a  and  ft  and 
tietween  c  and  ti  was  {:autf!ri/.pd  t>p- 
iitrv  the  injection.  In  the  hl.n  k 
wedge-shaped  portions,  i,  there  was 
nu  pigtnojit.  In  the  tones  5hade<l 
like  2  there  was  some  piKnieiU.  but 
not  so  much  as  tu  the  areas  shaded 
like  jt. 
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substances  at  least.  (2)  Appears  to  show  that  when  the  blood* 
pressure  is  normal  water  is  poured  out  from  some  part  of  the 
tubule,  and  washes  the  pigment  separated  by  the  '  rodded  ' 
epithelium  down  towards  the  papilhtr,  (3)  Suggests  that  it  is 
through  tlie  glomeruli  that  most  of  the  water  passes.  For 
cauterization  has  not  destroyed  the  power  of  the  epithelium 
to  excrete  pigment,  and  therefore,  presumably,  would  not  have 
destroyed  its  power  to  excrete  water  if  it  possessed  this  power 
in  any  great  degree  ;  and  the  glomeruli  and  their  capsules  are 
the  only  other  part  of  the  renal  mechanism  which  can  have 
been  affected.  The  fact  that  in  birds  and  serpents,  whose  urine 
is  solid  or  semi-solitl,  the  glomeruli  are  smaller  than  in  mammals 
is  corroborative  evidence  that  the  glomeruli  have  to  do  with 
the  excretion  of  water. 

When  pigments  are  injected  into  the  dorsal  lymph-sac  of  a 
frog  without  interfcronre  with  the  renal  rirrulation,  they  are 
found  plentifully  in  the  lumen  ol  the  convoluted  tubules,  and 
also  in  the  epitheSial  cells  lining  them-  The  suggestion  has  been 
made  that  the  pigments  have  l>een  absorbed  by  the  cells  from 
the  lumen  and  not  excreted  by  them  into  it.  And  certainly 
pigments  soluble  in  the  cytoplasm  or  in  the  substances  that 
fonn  the  enveloi>es  of  cells,  and  therefore  capable,  Uke  methylene 
blue,  of  staining  them  during  Ufe,  might  be  taken  up  by  the 
renal  epithelium  if  excreted  into  the  tubules  by  the  glomeruli, 
and  might  cause  staining  of  them,  particularly,  of  course,  of  the 
free  ends  of  the  cells  next  the  lumen.  But  this  siiggestion  is 
inadmissible  since  on  injection  of  the  same  pigments  after  ligation 
of  the  renal  portal  vein  the  convoluted  tubules  contain  little  or 
no  pigment  tn  their  lumen.  And  when  the  urinary  flow  is  stopjjed 
on  one  side  in  mammals  by  temporary  compression  of  the  renal 
artery  the  corres|x)nding  kidney  takes  up  fully  as  much  carmine 
as  its  fellow  (Carter).  Tljere  is  no  doubt  that  not  only  pigments 
capable  of  '  vital  staining,'  but  also  pigments  which  do  not 
stain  living  cells,  are  taken  up  trom  the  blood  (or  lymph)  by  the 
epithelial  cells,  and,  lying  in  vacuoles  in  their  cytoplasm,  are 
transported  towards  the  lumen,  and  there  extruded  (Gurwitsch, 
Hober).  But  these  cells  are  far  from  taking  up  all  pigments 
indifferently.  Some  pigments  are  extruded  mainly  by  one  part, 
others  mainly  by  another  part  of  the  renal  tubule,  and  some 
even  by  the  glomeruli.  The  glomeruli,  however,  are  in  general 
fax  less  active  in  this  regard  than  the  epithehal  cells,  and  the 
fact  that  the  latter  pick  out  from  the  blood  such  substances  as 
these  foreign  pigments  which  pass  through  the  Malpighian  tufts 
unchallenged,  renders  it  likely  tliat  the  tubules  also  exercise  a 
s[>ecial  function  in  the  secretion  of  the  normal  constituents  of 
urine.     More  direct  evidence  of  this  is  not  wanting,  for  Bowman 
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saw  crystals  of  uric  acid  in  the  epithelium  of  the  convoluted 
tubules  of  birds,  Heidenhiiin  found  (hat  urate  ot  s(»da  injected 
into  the  blood  of  a  rabbit  i&  excreted  by  (he  epitheUum  of  the 
convoluted  tubules  and  ttie  ascending  part  of  Henle's  loop,  just 
as  is  the  case  with  indigo-carmine.  And  Nussbaum's  experi- 
ments, although  not  quite  conclusive,  have  made  it  probable 
that  in  the  frog  urea  is  actually  separated  by  the  epithelium  of 
the  tubules.  They  were  founded  on  the  anatomical  peculiarity 
in  the  renal  circulation  of  the  frog  already  mentioned.  By 
tying  the  renal  arteries  in  that  animal,  he  thought  he  could  at 
will  stop  the  circulation  in  the  glomeruli,  and  he  found  that 
after  this  was  done  there  was  no  further  spontaneous  secretion 
of  urine.  But  when  urea  was  injected  intravenously  the  secre- 
tion of  urine  again  began,  urea  being  eliminated  by  the  kidneys, 
and  water  along  with  it.  Sugar,  peptone,  ^nd  egg-aJbuinin, 
injected  into  the  blooti,  no  longer  passed  into  the  urine,,  even 
when  the  secretion  was  excited  by  simultaneous  injection  of 
urea,  although  they  readily  did  so  when  the  arteries  were  not 
tied.  He  concluded  that  the  Mali>ighian  corpuscles  have  the 
power  of  excreting  water,  sugar,  peptone,  and  albumin,  while 
the  epithelium  of  the  tubules  excretes  urea  as  well  as  water. 
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Beddard  has  since  stated  that  the  circulation  in  the  glomeruli  is 
not  wholly  stopped  by  Nussbaum's  operation,  but  if  in  addition 
several  small  arteries  going  tu  tliu  kidney  be  tied  the  glomeruli  are 
completely  deprived  of  blood.  The  spontaneous  secretion  uf  urine 
is  completely  stopped,  as  Nussbaum  found,  but  only  in  three  experi- 
ments out  of  eighteen  was  it  possible  to  start  the  secretion  by  injec- 
tion of  urea.  The  renal  epithelium  degenerated  and  desquamated 
after  complete  ligation  of  all  the  renal  arteries,  showing  that  it 
requires  some  arterial  blood  as  well  as  the  venous  blood  from  the 
renal  portal  lo  maintain  its  Natality.  In  Nussbaum's  experiments  a 
sufficient  arterial  supply  must  be  supposed  to  have  still  reached  the 
tubules,  since  urine  was  secreted  under  the  influence  of  urea.  It 
might  be  objected  that  the  glomeruU  were  also  receiving  a  little 
blood,  and  that  the  urea  causeU  the  secretion  by  acting  on  them. 
But  the  best  e\'idencc  places  the  point  of  attack  of  such  diurerics  as 
urea  in  the  tubules  and  not  in  the  glomeruli.  And  if  the  epithelium 
was  able  to  secrete,  under  the  influence  of  urea,  urine  containing 
urea  itself,  the  most  probable  explanation  of  the  absence  in  it  of 
simultaneously  injected  sugar,  peptone,  and  albumin,  is  that  the 
epithelium  has  not  the  power  of  excreting  them,  but  that  when  they 
appear  in  the  urine  they  pass  tlirough  the  ginmenili. 

Adami  lias  shown  tlvat  luemoglobin  when  free  in  the  blood-plasma 
is  excreted  by  the  glomeruli,  even  when  the  renal  artery  has  been 
ligatured,  and  that  menisci  of  this  substance  may  be  coagulated 
within  the  lumen  of  Bowman's  capsules  by  plunging  the  kidney 
into  boiUng  water.  In  the  dog,  too,  haemoglobin  is  excreted  by  the 
glomcruU,  and  may  be  washed  out  of  the  capsules  by  the  increased 
quantity  of  water  secreted  whcn^sodium  nitrate  is  administered, 
This  shows  tluit  a  diuretic  may  act  upon  the  glomerular  epithelium. 
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whicti  is  thus  brought  into  line  with  the  *  rodded  '  cpithehura  of  the 
tubules. 

Lindcmann  has  endeavoured  to  exclude  the  glomeruli  in  mammals 
by  injecting  oil  through  the  renal  artery.  Alter  a  short  time,  accord- 
ing to  him.  the  oil  emboli  clear  away  from  practically  all  parts  of  the 
kidney  except  the  Klnmeruh,  which  remain  plugged.  If  indigo- 
carmine  be  subsequently  injected  into  the  blood,  it  is  not  only  taken' 
up  from  it  by  the  embolized  kidney  as  well  as  by  a  normal  one,  but 
is  excreted.  The  quantity  of  urine  is  much  diminished  and  its 
specific  jjravity  increased,  but  its  composition  is  not  essentially 
altered.  He  infers  that  the  tubules  are  in  a  liigh  degree  indepen- 
dent of  the  glomeruli  as  an  apparatus  for  the  secretion  of  urine. 

As  regards  our  first  two  questions  we  may  conclude  that 
th^re  is  no  flood  evidence  that  rcabsorption  of  water  or  otiu^r  con- 
slitucnts  of  the  urine  in  the  renal  tubules  plays  an  important  part 
in  the  preparation  of  that  secretion.  Many  facts  favour  the  con- 
clusion that  the  glomeruli  and  tht  renal  epithelium  act  as  separate 
although,  of  course,  mutually  supplementary  mechanisms,  ilu 
glomeruli  separating  the  larger  portion  of  the  water  and  salts,  the 
epithelium  the  larger  portion,  if  not  the  whole,  of  the  characteristic 
organic  constituents. 

As  regards  the  thinl  question,  it  is  now  gonorally  admitted, 
even  by  those  who  uphokl  a  modihed  '  niechanical '  theory,  that 
even  if  the  urine  is  originally  separated  from  the  blood  by  filtra- 
tion at  the  expense  of  the  energy  of  the  heart-beat  represented 
by  th**  pressure  of  the  blood  m  the  glomeruli,  the  reahsorption 
in  the  tubules  cannot  he  attributed  to  simple  diffusion,  but 
must  1k'  a  selective  process  analogous  to  absorption  in  the  intes- 
tine and  entailing  the  expenditure  of  a  large  amount  of  work 
at  the  expense  of  the  food  materials  or  the  protoplasm  of  the 
epithelial  cells.  Every  attempt  at  a  strictly  mechanical  explana- 
tion breaks  down  for  the  ki<lney,  as  for  other  glands. 

The  practical  absence  from  urine  of  the  proteids  and  sugar 
of  the  blood  under  normal  circumstances,  and  the  elimination 
by  the  kidney  of  egg-albumin,  j>eplonc,  and  other  bodies  when 
injected  into  the  veins,  show  a  selective  jwwer  inexplicable 
except  hy  reference  to  the  vital  activity  of  cells.  Urea  and 
sugar,  tH>th  highly  diffusible  substances,  circulate  side  by  side 
in  the  bloodvessels  of  the  kidney.  The  one  is  taken  and  the  other 
left.  The  urea  is  a  waste-product  of  no  further  use  in  the 
economy.  The  sugar  is  a  valuable  food-substance.  The  kidney 
selects  with  unerring  certainty  the  urea,  of  which  only  4  parts 
in  10,000  are  present  in  the  blood,  but  rejects  the  sugar,  of 
which  there  is  five  times  as  much. 

Egg-albim\in  injected  into  the  blood  passes  through  the 
circulation  side  hy  ^ide  with  the  serum-albumin  of  the  pi 
Both  are  indiffusible  through  membranes,  and   to  the  chemist 
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the  differences  between  them  may  appear  superficial  and  minute. 
But  the  kidney  does  not  hesitate  for  an  instant.  A  large  part 
of  the  egg-albumin  is  promptly  excreted  as  a  foreign  substance  ; 
the  semm-albumin  passes  on  untouched. 

Not  only  does  the  kidney  exercise  a  power  of  qualitative  selec- 
tion ;  it  aJso  takes  cognizance  of  the  quantitative  comiwsition 
of  the  blood.  So  long  as  there  is  less  sugar  in  the  plasma  than 
about  3  parts  in  i,ooo,  it  is  refused  passage  into  the  renal  tubules. 
But  when  this  hmit  is  passed,  and  the  proportion  of  sugar  in  the 
blood  becomes  excessive,  the  kidney  begins  to  excrete  sugar,  and 
continues  to  do  so  till  the  balance  is  redressed. 

The  advocates  of  the  theory  of  filtration  through  the  glomeruli 
have  made  their  firmest  stand  on  the  excretion  of  the  inorganic 
constituents  of  the  urine,  and  have  laid  stress  particularly  on  the 
fact  that  the  hydrremic  j^lethora  caused  by  intravenous  injection 
of  salts  is  accompanied  by  diuresis.  It  is  true  that  the  direct  intro- 
duction of  water  into  the  blood,  or  its  attraction  from  the  lymph- 
spaces  when  the  osmotic  pressure  of  the  blood  is  increased  by  the 
injection  of  substances  like  urea,  sugar,  and  sodium  chloride,  may 
cause  a  condition  of  hydrteniic  plethora,  and  that  this  plethora 
may  sometimes  be  associated  with  an  increase  of  pressure  in  the 
capillaries  in  general,  and  therefore  in  the  vessels  of  the  Mal- 
pighian  tuft.  It  may  also  be  admitted  that  such  an  increase 
of  pressure  might  be  accompanied  by  an  increased  filtration  of 
water  and  salts  into  Bowman's  capsule.  But  who  will  believe 
that  the  addition  of  a  tumbler  of  water,  absorbed  from  the 
alimentary  canal,  to  4  or  5  litres  of  blood  circulating  in  a  system 
of  vessels  whose  capacity  can  and  does  vary  within  wide  limits, 
should  cause  in  the  capillaries  of  the  kidney  an  increase  of  pres- 
sure exactly  proportional  to  the  increase  in  the  elimination  of 
water  in  the  urine,  lasting  for  the  same  time  and  disappearing 
at  the  moment  when  the  normal  composition  of  the  blood  is 
restored  ?  Nor  is  it  easier  to  explain  on  any  mechanical  hypo- 
thesis how  it  is  that  in  a  starving  animal,  the  quantity  of  inor* 
ganic  substances  eliminated  in  the  urine  drops  almost  to  zero, 
while  the  proportional  amount  in  the  blood  and  tissues  is  little, 
if  at  all,  affected.  In  a  rabbit  rendered  poor  in  sodium  chloride 
by  feeding  it  with  salt-free  food,  the  injection  of  a  solution  of 
sodium  chloride  isotonic  with  the  blood  produces  no  diuresis 
for  a  considerable  time,  but,  on  the  contrary,  a  diminished  flow 
of  urine,  while  a  similar  solution  injected  into  the  veins  of  a 
rabbit  previously  fed  with  salted  food  causes  an  immediate  and 
considerable  diuresis.  When  small  quantities  of  isotonic  solu- 
tions of  various  salts  are  injected,  those  not  normally  present  in 
the  blood  produce  a  greater  diuresis  than  normal  constituents- 
Sodium  chloride,  which  is  present  in  normal  plasma  in  greater 
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amount  than  any  other  salt,  causes  the  smallest  diuresis  of  all 
(Haake  and  Spiro).  Such  farts  suggest  that  the  secreting  cells 
oi  the  kidney  are  stimulated  or  inhibited  by  the  contact  of  blood 
or  lyni|ili  in  which  the  normal  constituents  are  present  in  too 
great  or  in  too  small  amount,  and  that  the  intensity  of  the  action 
is  proportional  to  the  degree  of  deficiency  or  excess.  The  greater 
the  velocity  of  the  circulation  in  the  kidney,  the  more  effective  will 
be  the  stimulation  produced  by  any  given  substance  present  in 
excess,  and  therefore  the  greater  the  total  amount  of  it  eliminated 
in  a  given  time.  For  in  making  the  round  of  the  renal  circula- 
tion the  concentration  of  the  substance  in  any  given  |x>rlion  of 
blood  will  fall  less,  and  therefore  the  average  stimulation  exerted 
by  it  during  the  round  will  be  greater  the  faster  the  blood 
flows.  It  is  quite  in  agreement  with  this  that  when  plethora 
is  occasioned  by  transfusion  of  blood  there  is  little  or  no  diuresis. 
although  the  increase  of  arterial,  capillary,  and  venous  pressure, 
and  the  dilatation  of  the  kidney,  are  evident,  for  the  rapid  pas- 
sage ol  liquid  out  of  the  vessels  would  lead  to  a  great  increase  in 
the  relative  proportion  of  corpuscles  to  plasma — that  is  to  say, 
to  an  abnormal  condition  of  the  blood.  On  the  other  hand, 
when  plethora  is  produced  by  injection  of  serum  diuresis  occurs 
(Cushny).  This,  again,  is  what  we  should  cx]>ect,  since  the 
elimination  of  the  su|ierrtuous  liquid  will  restore  the  normal  pro- 
pK>rtion.  The  diminished  viscosity  of  the  blood  (p.  18)  produced 
by  the  excess  of  serum  will  aid  the  flow  through  the  kidney  and 
therefore  increase  the  diuresis,  while  in  the  case  of  the  plethora 
produced  by  injection  of  blood  the  elimination  of  liquid  will  at 
once  increase  the  viscosity,  diminish  the  velocity  of  the  renal 
flow,  and  tend  to  lessen  diuresis. 

There  is,  then,  little  more  reason  to  assume  that  the  copious 
tlow  of  urine  which  follows  the  absoq>tion  of  a  large  quantity 
of  water  is  due  to  a  mere  process  of  filtration  than  there  is  to 
believe  that  filtration,  and  not  selective  secretion,  is  the  caiLse 
of  the  gush  of  saliva  which  precedes  vomiting,  or  the  sudden 
outburst  of  sweat  on  sudden  and  severe  exertion.  In  addition, 
there  are  the  positive  proofs  already  mentioned  that  the  '  rodded  * 
epithelium  of  the  tubules,  which  no  one  supi>oses  to  be  abandoned 
more  to  mere  physical  influences  than  the  epithelium  of  the 
salivary  glands,  plays  a  part  in  the  secretion  of  some  of  the 
tu*inajy  constituents. 

As  to  the  nature  of  the  mechanism  set  in  motion,  and  the 
series  of  events  that  take  place  as  the  constituents  of  the  urine 
journey  from  the  interior  of  the  bloodvessels  to  the  lumen  of 
the  tubules,  we  know  no  more  than  in  the  case  of  other  Elands. 
This  alone  is  clear,  that  the  separation  of  the  urine  from  the 
blood  implies  the  performance  of  a  large  amount  of  work  by 
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the  kidney.  For  the  osmotic  pressure  of  urine  is  several  times 
as  great  as  that  of  the  plasma  of  the  blood.  Blood-plasma 
freezes  at  -0-55°  to  -  0-65°  C.  (on  the  average,  say,  — o-6°  C). 
The  osmotic  pressure  corresponding  to  —0*6'^  C.  is  5,662  milli- 
metres of  mercury  (p.  354),  or,  in  round  numbers,  75  metres  of 
water.     Hiunan  urine  has  been   found  to  freeze  at    —1*38'^  to 

—  2'ii°  C.  (say,  on  the  average,  —1*8*^  C),  a^id  for  highly  con- 
centrated urines  thu  depression  of  the  freezing-jMiint  may  be 
considerably  greater.     The  osmotic   pressure  corresponding  to 

—  1-8^  C.  is  16,986  millimetres  of  mercury  or  225  metres  of 
water.  This  exceeds  the  osmotic  pressure  of  the  plasma  by 
150  metres  of  water.  In  separating  a  kilogramme  of  urine  from 
the  blood  the  kidney  accordingly  does  work  approximately 
equivalent  to  raising  a  weight  of  a  kilogramme  to  the  height 
of  150  metres — i.t\,  150  kilogramme-metres.  It  is  evident  that 
the  excess  of  the  blood-pressure  in  the  glomeruli  over  the  pres- 
sure of  the  urine  in  the  tubules,  which,  even  if  we  neglect  the 
latter  altogether— since  there  is  only  slight  resistance  to  the  flow 
of  urine  towajds  the  bladder — cannot  at  most  be  greater  than 
100  millimetres  of  mercury,  or  1-35  metres  of  water,  will  account 
for  only  an  insigniftcant  part  of  this  work.  The  rest  must  be 
done  at  the  expense  of  the  energy  of  the  food  materials  taken 
up  by,  and  transformed  in,  the  cells  concerned  with  the  secre- 
tion of  the  urine.  But  we  do  not  know  in  what  way  these  cells, 
by  applying  this  energy-,  perform  the  remarkable  feat  of  per- 
manently maintaining  a  difference  of  fifteen  atmospheres  in  the 
osmotic  pressure  of  the  liquids  in  contact  with  their  attached 
and  free  surfaces.  A  token  of  the  intensity  of  the  metabolic  effort 
required  is  the  marked  increase  in  the  absorption  of  oxygen 
(as  much  as  0-28  c,c.  per  gramme)  which  occurs  during  diuresis, 
although  it  is  not  in  pro]x>rtion  to  the  amount  of  the  diuresis. 
In  one  exp>eriment  the  oxygen  abs4irbed  by  a  dog's  kidneys  was 
II  per  cent,  of  what  would  have  been  used  up  by  the  entire 
animal  under  normal  conditions.  There  is  no  definite  relation 
between  the  oxygen  taken  in  and  the  carbon  dioxide  given  out 
at  any  moment. 

Wliat  is  the  significance  of  the  peculiar  arrangement  of  the 
glomerular  bloodvessels,  if  the  epitheUum  of  the  capsules  has  secre- 
tive powers  like  thai  of  ordinarj-  glands  ?  It  is  difiicult  to  beUe>'C 
that  these  unique  vascular  tuft*  have  not  a  near  and  important  rela* 
tion  to  the  renal  function  ;  but  it  is  by  no  means  clear  what  that 
relation  is.  The  secretion  of  water,  and  even  its  rapid  secretjon,  is 
not  at  all  bound  up  with  any  set  arrangement  of  bloodvessels. 
Gland-ccUs  all  over  the  body  secrete  water  under  the  most  N'aried 
conditions  of  blood-pressure,  although  a  comparatively  high  pressure 
i&  ujx>n  the  whole  favourable  to  a  copious  outflow. 

But  the  kidney  has,  as  we  now  know,  other  functions  than  mere 
^on  (p.  485).     .\nd  it  may  be  that  the  simplest  part  of  the  latter 
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process,  the  elimination  of  water  and  salts,  ia  largely  thrown  upon 

the  Malpigliian  cori>u5cles,  as  a  ph^-siologically  cheaper  machine  than 
the  epithelium  of  the  tubules,  wliich  is  left  free  for  more  complex 
labours.  These  may  include  not  only  the  separation  of  nitrogenous 
mctabohtes,  but  perhAps  llie  building  up  of  urea,  or  of  less  com- 
pletely metabolized  substances  which  precede  it,  into  higher  com- 
binations, and  the  consequent  regulation  of  the  quantity  of  urea 
finally  excreted,  and  the  ultim;itc  proteid  waste  which  this  expresses. 
The  epithelium  of  the  glomoriilus,  being  a  less  highly  organized  and 
leas  delicately  selective  mech;inism  than  that  of  the  convoluted 
tubules,  may  mnre  easily  respon<l  to  increase  of  blood-pressure  by 
increased  secretion.  At  the  same  lime,  placed  as  it  is  at  the 
last  flood-gate  of  the  circulation,  where  the  escape  of  anything 
valuable  means  its  total  loss,  the  glomerular  epithelium  may  t)e 
endowed  with  a  general  power  of  resistance  to  transucUition.  which 
renders  a  comparatively  high  blood-pressure  a  nccessiiry  condition 
of  its  acting  at  all.  .\nd  as  a  matter  of  fact  water  ceases  to  be 
secreted  bv  the  kidney  long  before  the  blo<jd-pressure  in  the  glomeruli 
can  have  fallen  below  that  which  suffices  for  the  highest  activity  of 
the  liver.  Perhaps,  however,  the  high  minimum  pressure  reqmred 
(30  to  40  mm.  of  mercury  in  the  dog)  is  merely  the  necessary  consc- 
Quence  of  the  long  and  difficult  path  which  most  of  the  blood  going 
tlirou^l)  the  kidney  has  to  take,  and  that  a  sufficient  blood-flow 
cannot  be  kept  up  with  less.  It  may  be.  too,  that  the  comparatively 
small  surface  of  the  glomeruli,  restricted  in  order  to  leave  room  for 
the  more  highly  organized  parts  of  the  renal  mechanism,  entails  the 
more  intense  and  concentrated  actiWtw  which  the  high  blood-pres- 
sure renders  possible,  and  the  simplicity  of  work  and  organization 
renders  harmless. 

An  ob%'ious  result,  and  perhaps  an  important  one,  of  the  peculiar 
arranpemenl  of  the  bloodvessels  of  the  kidney  is  that  the  more 
highly  orKanized  parts  of  the  renal  tubules  are  shielded  from  an  ex- 
cessive blood-pressure  by  the  interposition  of  the  glomeruli  as  a  block* 
This  may  be  cither  because  the  epithelium  of  the  tubules  would  not 
perform  its  proper  work  so  well  under  a  high  blood-pressure,  or 
because  there  would  be  a  danger  of  substances  which  ought  to  be 
retained  being  cast  out  into  the  urine.  In  this  connection  it  is  inter- 
esting to  note  that  the  specific  constituents  of  urine  arc  separated  by 
cpithcUum  surrounded  by  capillaries  of  the  second  order,  and  there- 
fore with  a  smaller  blood-pressure  than  exists  in  the  capillahe-s  of 
most  glands,  wliile  the  Siinie  is  true  of  bile,  another  (practically) 
proteidfree  secretion. 

The  maximum  secretory  pressure  in  the  kidney,  as  shown 
by  a  manometer  tie<l  into  the  divided  ureter,  is  about  60  mm. 
of  mercury  in  the  dog,  or  less  than  haJf  that  of  saliva.  If  the 
escape  of  the  urine  is  op^iosed  by  a  greater  pressure  than  this, 
or  if  the  ureter  Ls  tied,  the  kidney  becomes  oedematous.  Whetlicr 
the  oedema  is  due  to  reabsorption  of  urine  or  to  the  j)ouring 
out  of  lym|>h  owing  to  the  pressure  of  the  dUated  tubules  on 
the  veins  l»as  not  been  detinitcly  settled.  It  has  l>een  already 
pointed  out  that  there  is  no  necessary  relation  between  the 
blood-j)ressurc  in  the  capillaries  of  a  gland  and  its  secretory 
pressure  ;  and,  so  far  as  this  goes,  water  might  just  as  well  be 
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secreted  at  a  pressure  of  60  mm.  of  mercun,'  from  the  low- 
])ressure  blood  of  the  second  set  of  renal  capillaries  as  from  the 
high-pressure  blood  of  the  glomeruli.  By  obstruction  the  mole- 
cular concentration  of  the  urine  is  diminished  to  half  or  three- 
quarters  uf  the  normal. 

The  Influence  of  the  Circulation  on  the  Secretion  of 
Urine. — Althoufjh  the  activity  of  no  organ  in  the  body  is 
govern<'d  mon^  by  the  indirect  effects  of  nervous  action  than 
that  of  the  kidney,  no  proof  has  been  given  of  the  existence  of 
secretory  fibres  for  it  comparable  to  those  of  the  salivary  glands. 
All  the  changes  in  the  rate  of  renal  secretion  which  follow  the 
section  or  stimulation  of  nerves  can  be  explained  as  the  conse- 
quences of  the  rise  or  fall  of  local  or  general  blood-pressure,  and 

of  the  corresjxmding 
variations  in  the 
velocity  of  the  blood 
in  the  renal  vessels. 

The  best  way  to 
study  variations  in 
the  calibre  of  the 
renal  vessels  is  the 
jik'thysmo  graphic 
nie  thod ,  a nd  the  onco- 
meter of  Roy  is  a 
p  Ic  t  hysmog  ra  ph 
adapted  to  the  kid- 
ney. It  consists  of  a 
metal  capsule  lined 
with  loose  membrane. 
between  which  and 
the  metal  there  is  a 
space  filled  with  oil. 
The  two  halves  of  the 
capsule  open  and  shut 
on  a  hinge  :  and  the 
kidney,  when  intro- 
duced into  it,  is  sur- 
rounded  on  all  sides  by  the  membrane,  the  vessels  and  ureter 
passing  out  through  an  opening.  The  oil-space  is  connected  with  a 
cylinder  also  filled  with  oil.  above  which  a  piston,  attached  to  a  lever, 
moves.  The  lever  registers  on  a  drum  the  changes  in  the  volume  of 
the  kidney — :>.,  practically  the  changes  in  the  quantity  of  blood  in 
it,  and  therefore  in  the  cahbre  of  its  vessels.  A  still  better  oncometer 
is  that  of  Schalcr,  in  wtiich  air  is  employed  instead  of  oil. 

Nerves  of  the  Kidney. — Both  vaso-constrictor  and  vaso-dilator 
fibres  for  tlie  renal  vessels,  but  most  clearly  the  former,  have  been 
shown  to  leave  the  cord  (in  the  dog)  by  the  anterior  roots  oi  the  sixth 
thoracic  to  second  lumbar  nerves,  and  especially  of  the  last  three 
thoracic.  They  run  in  the  splanchnics,  and  then  through  the  renal 
plexus — around  the  renal  artery — into  the  kidney.  The  vaso- 
•irictor  predominate,  so  that  the  general  effect  of  stimulation  of 
1  -ots,  the  splanchnics,  or  the  renal  ner\'es  is  shrinking  of 
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■TllAGHAM    (IF    Onr,AN-Pl.ETHV5MOORAP» 
OR    OSCOMKTER. 

metal  box  in  two  halves  opening  on  the  hingo 
H  ;  M,  thin  membrane  ;  A,  space  filled  with  oil  ; 
O.  organ  enclosed  in  oncometer ;  V.  vessels  of  argaii ; 
tt  tube  for  filling  instrument  with  oil  ;  T,  tube  con* 
netted  with  D.  whicii  opens  into  cylinder  C  :  C  is 
also  6Ued  with  oU  :  P.  piston  attached  by  E  to  a 
writing  levej-. 
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the  kidney,  with  diminuUnn  or  cessation  oi  the  secretion  of  urine. 
But  slow  rhythmical  stimnl.ition  of  the  roots  causes  increase  of 
volume,  the  dilators  being  by  tliis  method  excited  in  preference  to 
the  constrictors. 

The  renal  nerves,  entering  at  the  hilum.  branch  repeatedly,  so  as 
to  form  a  %vide-meshed  plexus  around  the  artcnes,  and  accompany 
them  even  to  their  finest  ramifications  in  the  cortex.  No  nerve- 
fibres  have  as  yet  been  seen  on  the  veins  in  the  kidney-substance 
or  on  the  straight  arteries.  Ojmmg  off  from  the  nerves  surrounding 
the  arteries  are  fine  fibres  which  arc  distributed  to  the  convoluted 
tubules.  Some  of  them  terminate  in  globular  ends,  others  in  fine 
threads  that  pass  through  the  niembrana  propria  (Bcrkcly). 


Fig.  156.— Kbkvcs  or  Kidnkv  (Bckkklv). 

(i6)  medium  -  si  led  artery  with  its  nerve  •  pk-xus  :  A,  iprminaJ  kuob«  ; 
B»  aberrant  biancti  ending  iii  terminal  knob  E;  the  dotted  lines  outline  the 
artery  ;  (17)  nerve-fibres  surrounding  a  Bow-man's  capsule,  whifh  is  indicated 
by  a  dotted  line  :  some  of  the  endings  arecJose  to  the  membrane  ;  (18)  convoluted 
tubule  shown  in  outline  with  fine  nerve-fibres  on  it,  which  seem  to  enter  the 
basement  membrane. 

Section  of  the  renal  nerves  is  followed  by  relaxation  of  the 
small  arteries  in  the  kidney,  and  consequent  swelling  of  the 
organ.  The  flow  of  urine  is  greatly  increased,  and  sometimes 
albumin  apjiears  in  it,  the  excessive  pressure  in  the  capillaries 
(particularly  in  those  of  the  glomeruli)  being  supposed  to  favour 
the  escape  of  substances  to  which  a  passage  is  refused  under 
normal  conditions. 

An  experiment  which  is  sometimes  quoted  as  a  decisive  test 
of  Uie  relative  imjHirtancc  of  changes  in  the  rate  of  flow,  and 
in  the  pressiu'c  of  the  blood  within  the  glomeruli,  is  that  of 
tying  the  renal  vein.     Tltis  undoubtedly  does  not  lower  the 
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intra-glomerular  pressure — on  the  contrary,  it  must  increase  it — 
but  the  secretion  of  urine  stops.  If  the  venous  outflow  from 
the  kidney  is  only  partially  interfered  with,  the  flow  of  urine 
is  immediately  diminished^  but  the  administration  of  a  diuretic 
like  potassium  nitrate  causes  an  increase.  It  is  more  than  likely 
that  in  these  exjieriments  the  secretion  stops  or  slackens  not 
because  a  high  blood-pressure,  but  because  an  active  circulation 
is  its  necessary  condition.  When  the  blood  stagnates  in  the 
kidney  the  natural  stimulus  to  the  renal  apparatus  speedily 
disappears  owing-  to  the  elimination  of  the  urinary  constituents 
to  the  neutral  or  indiHercjit  point  (p.  407).  The  exj^eriment, 
however,  is  not  perfectly  conclusive.  For  few  glands  can  go 
on  j>erforming  their  function  after  the  circulation  has  ceased. 
The  kidney  must  be  able  to  feed  itself  in  order  to  continue  its 
work  ;  and  it  mi^'hl  be  urged  that  if  the  blood  in  the  glomeruli 
could  be  ko|U  at  the  normal  stajidard  of  arterial  lilood,  secretion 
mighl  still  go  on  after  ligation  of  the  renal  vein. 

According  to  Ludwif^,  indeed,  tlie  How  of  urine  stops,  in  spite 
of  continued  Jilt  ration  thrtnigh  tin*  glf)meruli,  because  the 
swelling  of  the  veins  in  the  boundary  layer  compresses  the 
tubules,  and  may  even  obliterate  their  lumen.  There  is  no 
conclusive  experimental  evidence,  however,  and  no  a  priori 
probability,  that  the  obstniction  so  produced  is  sufficiently 
sudden  or  suthcienllv  complete  to  cause  instant  and  total  cessa- 
tion oi  the  flow.  It  is  even  less  justitiable  to  conclude  from  the 
exjK'riment  that  the  liquid  part  of  the  urine  is.  at  any  rate,  not 
separated  by  the  e]ntlielium  of  the  tubules,  since  the  blood- 
pressure  in  the  capillaries  around  the  tubules  must  rise  very 
(greatly  after  ligature  of  the  vein,  and  yet  secretion  is  stopjied. 
It  might  equally  well  lie  argued  that  the  renal  epithelium  nor- 
mally secretes  water  under  a  iow  blood-jiressure,  but  is  dis- 
organized under  the  excessive  and  entirely  unaccustomed 
pressure  which  follows  the  closure  of  the  vein. 

It  is  not  only  through  nerves  directly  governing  the  calibre 
of  the  vessels  of  the  kidney  that  the  rate  of  urinary  secretion 
can  be  affected.  Any  change  in  the  general  blood-pressure,  if 
not  counlenictcd  by,  still  more  if  conspiring  with,  simultaneous 
local  changes  in  the  renal  vessels,  may  be  followed  by  an  in- 
creased or  diminished  flow  of  urine  ;  and  the  law  which  explains 
alt  such  variations,  or  at  least  serves  to  sum  them  up,  is  that 
in  general  an  increase  in  the  rate  of  the  blood-flaw  throfigk  the 
kidmry  is  followeti  hy  an  increase  in  the  rate  of  secretion*  It  will 
be  rrni.arketi  that  this  is  llie  converse  of  the  great  law,  of  which 
viT  have  already  seen  so  many  illustrations,  that  functional 
acHviiv  increases  Uoi\i-fiow.  It  is  probable  tliat  this  law  holds 
for  the  kidney  as  well  as  for  other  organs,  but  that  the  influ- 
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ence  of  activity  on  blood-supply  is  subordinated  to  that  of 
hloml-supply  on  activity,  while  in  most  tissues,  as  in  the  muscles, 
the  op]H>site  is  the  case.  It  is  evident  that  an  increase  in  the 
blood-flow  would  favour  tlie  secretory  activity  of  the  renal  cells, 
since  the  average  concentration  of  the  blood  presented  to  them 
as  regards  those  constituents  which  they  select  would  remain 
relatively  hii^h  in  its  circuit  throu|t;h  (he  kidney.  The  '  stimulus  ' 
to  secretion  would,  therefore,  be  relatively  intense. 

Destruction  of  the  medulla  oblongata  [t.e.,  of  the  vaso-motor 
centre),  or  section  of  the  cord  below  it,  diminishes  the  secretion 
of  urine,  because  the  arterial  pressure  is  lowered  so  much  as 
to  over-compensate  the  dilatation  of  the  renal  vessels,  which  the 
ojjeration  also  brings  alx)ut.  If  the  blood-pressure  falls  below 
40  mm.  of  mercury,  the  secretion  is  abolished.  Stimulation  of 
the  medulla  or  cord  also  lessens  tlie  flow  of  urine  by  constricting 
the  arterioles  of  the  kidney  so  much  as  to  over-compensate  the 
rise  of  general  blood-pressure,  caused  by  the  constriction  of  small 
vessels  throughout  the  body, 

If  the  renal  nerves  have  been  cut,  stimulation  of  the  medulla 
oblongata  increases  the  urinary  secretion,  because  now  the  rise 
of  general  blood-pressure  is  no  longer  counterbalanced  by  con- 
striction of  the  renal  vessels.  An  increase  in  the  urinary  flow 
can  be  produced  in  the  rabbit  by  a  lesion  in  a  part  of  the 
fimiculi  teretes,  which  can  be  reached  in  the  floor  of  the  fourth 
ventricle  (Kckhard),  perhaps  by  destroying  the  portion  of  the 
vaso-motor  centre  governing  the  renal  nerves,  while  the  rest 
remains  uninjured,  or  is  even  stimulated,  and  thus  keeps  up  or 
even  increases  the  general  blood-pressure.  There  is  either  no 
glycosuria,  or  it  is  very  slight. 

Section  of  the  splanchnic  nerves  causes  a  fall  of  arterial  pres- 
sure, which  is,  however  (in  animals  like  the  dog,  in  which  com- 
pensation soon  takes  place),  more  than  balanced  by  the  simul- 
taneous dilatation  of  the  renal  vessels,  and  therefore  for  some 
time  the  flow  of  urine  is  increased,  but  not  so  much  as  when  the 
renal  nerves  alone  are  cut.  In  the  rabbit  there  is  no  increase. 
On  the  other  hand,  stimulation  of  the  splanchnics  sto}>s  the 
urinary  secretion,  because  the  general  rise  of  pressure  is  not 
enough  to  make  up  for  the  constriction  of  the  renal  vessels. 

Diuretics  arc  substances  that  increase  the  flow  of  urine.  Some  of 
them  act  mainly  by  increasing  the  general  blood- pressure,  others 
mainly  by  a  direct  influence  on  the  secreting  mechanism.  DigitaUs 
is  a  representative  of  the  flrst  class ;  urea  and  cafietn  belong  to 
the  second.  The  action  of  digitalis  is  to  strengthen  the  beat  of  the 
heart,  whicli  is  at  the  same  time  somewhat  slowed,  and  to  constrict 
the  arterioles.  B<jth  etiects  contribute  to  the  increase  of  pressure. 
It  is  possible  that  in  addition  this  drug  directly  stimulatrs  the  renal 
epithelium.     Cafiein,    when   injected    into    the   blood,    aflects   the 
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\ncMurr.  but  little.  It  causes  dilatation  of  the  renal  vessels  after 
a  pjL<i»inK  constriction,  and  an  increase  in  the  flow  of  urine  alter  a 
tfrnprirary  diminution.  The  vascular  dilatation  is  not  the  chief 
rcavin  ((If  tilt*  diuretic  effect,  for  the  latter  is  still  obtained  when  the 
va»f»-motor  mechanism  has  been  paralyzed  by  chloral  hydrate,  and 
even  after  the  secretion  of  urine  has  been  stopped  by  the  fall  of 
prcMurc  connequcnt  on  section  of  the  spinal  cord.  Caffein,  there- 
UiTc,  acts  directly  on  the  renal  epithelium.  The  action  of  urea, 
potassium  nitrate,  and  the  saline  diuretics  is  probably  also  a  direct 
action  on  the  secreting  structures,  although  some  have  supposed  that 
their  primar\'  effect  is  to  cause  vaso-dilatation  in  the  kidney,  and  a 
c«m»e(pient  focitl  increase  in  the  capillary  pressure.  The  influence 
oi  jiua'sthetics  on  diuresis  is  of  practical  importance.  Ether  generally 
inrrraws.  wbile  clilor<iform  generally  diminishes  the  flow  of  urine 
in  dogH.  A.r.K.  mixture  has  a  variable  effect,  but  there  is  always  a 
marked  afler-increaHe.  A  mixture  of  ether  and  chloroform  consti- 
tutes the  ideal  uniPBthctic  for  exiicrimcnts  on  the  kidney,  since  it 
altorit  the  diurc<iia  only  slightly  (Ihompson). 
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Summary. — t)ur  knowledge  of  renal  secretion  may  be  thus 
summed  up  ;  The  water  and  salts  of  the  urine  are  chiefly  separated 
by  the  glomeruli  ;  thr  process  is  not  a  mere  physical  fUtration,  but 
a  true  secretion.  Substances  like  sugar,  peptotu^  egg-aibumin, 
and  hfvmoglohin  when  injected  into  the  blood  are  probably  excreted 
bv  the  ^lotneruli  ;  and  so  is  the  sugar  of  diabetes.  Urea,  uric  acid, 
and  presumablv  the  other  organic  constituents  of  normal  urines 
with  a  portion  of  the  water  and  salts,  are  excreted  by  the  physio- 
logical activity  of  the  '  rodd^d  '  epithelium  of  the  renal  tubules.  The 
rate  of  secretion  of  urine  rises  and  falls  with  the  pressure,  and 
still  more  with  the  vilocity,  of  the  blood  in  the  renal  vessels.  No 
feretory  nerves  for  the  kidney  have  been  found  :  the  effects  of 
reiioH  or  stimulation  of  nerves  on  the  secretion  can  all  be  explained 
by  the  ihanges  prodmed  in  the  renal  hlood-fiow.  Some  diureiics 
act  b\  increasing  the  blood-flow,  others  directly  on  the  efnthelium 
of  the  tubules  or  the  glomeruli. 

Micturition. — The  urine,  like  the  bile,  is  being  constantly 
foinied  ;  although  wxrction  varies  in  its  rate  from  time  to  time, 
it  never  ceases.  Trickling  along  the  collecting  tubules,  the  urine 
irachcs  the  jkIvis  of  the  kidney,  from  which  it  is  propelled  along 
the  ureters  by  j>eristaltic  contractions  of  their  walls,  and  drops 
from  thrir  valve-like  orihces  into  the  bladder.  When  this 
becomes  distended,  rhythmical  p>eristaltic  contractions  are  set 
op  in  it,  and  notice  is  given  of  its  condition  by  a  characteristic 
sensation,  which  is  perhaps  aided  by  the  squeezing  of  a  few  drops 
of  urine  |»ast  the  toiiically  contracted  circular  fibres  that  form 
a  sphmctcr  round  the  neck  of  the  bladder,  and  into  the  hr^t  part 
of  the  urethra.  The  desire  to  empty  the  bladder  can  be  resisted 
for  a  time,  as  can  the  desire  to  empty  the  bowel.  If  it  is  yielded 
tOt  the  smooth  musctilar  6bnes  in  the  wall  of  the  viscus  are  thrown 
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into  contraction.  This  is  aided  by  an  expulsive  effort  of  the 
altdominaJ  muscles.  The  sphincter  vesica  is  relaxed ;  and  the 
urine  is  forced  ;ilong  the  urethra,  its  passage  being  facilitated 
by  discontinuous  contractions  of  the  ejaculator  urinre  muscle, 
which  also  serve  to  squeeze  the  last  drops  of  urine  from  the 
urethral  canal  at  Uie  completion  of  tlie  act. 

Regurgitation  into  the  ureters  is  to  a  great  extent  prevented 
by  their  compression  between  the  mucous  and  muscular  coats 
of  the  bladder,  where  they  run  for  more  than  hnlf  an  inch  before 
opening  at  the  posterior  angle  of  the  trigone.  But  it  has  been 
shown  that  a  certain  amount  of  back  flow  can  take  place.  Small 
bodies  like  diatoms  suspended  in  water  and  pigments  dissolved 
in  it  have  been  found  in  the  [>elvis  of  the  kidney,  the  renal 
tubules,  and  even  the  circulation  after  being  injected  into  the 
bladder. 

The  pressure  in  llie  bladder  of  a  man  may  Iw  made  as  high  as 
lo  cm.  of  mercury  during  the  act  of  micturition  ;  about  half  this 
amount  is  due  to  the  contraction  of  the  vesical  walls  alone,  the 
rest  to  the  contraction  of  the  abdominal  muscles.  A  pressure 
of  16  to  2b  mm.  of  mercury  is  required  to  open  the  sphincter  of 
a  rabbit's  bladder  in  life. 

Although  the  whole  jjerformance  seems  to  us  to  be  completely 
voluntary,  there  are  facts  which  show  that  it  is  at  bottom  a 
reiiex  series  of  co-ordinated  movements,  that  can  be  started  by 
impulses  passing  to  a  centre  in  the  spinal  cord  from  above  or 
from  l^elow — from  the  brain  or  from  the  bladder.  In  dogs,  with 
the  spinal  cord  divided  at  tht*  upi^r  level  of  the  lumbar  region, 
micturition  takes  place  regularly  when  the  bladder  is  full,  and 
can  be  excited  by  such  slight  stimuli  as  sponging  of  the  skin 
around  the  anus  (Goltz).  Here,  of  course,  the  act  is  entirely 
re6ex  ;  and  the  centre  is  situated  at  the  level  of  the  fifth  lumbar 
nerves.  Tlie  efferent  nerves  of  the  bladder,  like  those  of  the 
rectum,  come  partly  from  the  cord  directly  through  the  sacral 
nerves,  and  partly  through  the  lumbar  sympathetic  chain 
(second  to  sixth  ganglia).  The  sacral  fibres  are  connected  with 
nerve  cells  in  the  hypogastric  plexus,  and  the  sympathetic, 
partly  at  least,  in  the  inferior  mesenteric  ganglia.  This  ana- 
tomical coincidence  acquires  interest  in  view  of  the  striking 
physiological  similarity  between  the  processes  of  micturition 
and  defiecation,  a  similarity  which  is  emphasized  by  the  fact 
that  the  latter  is  almost  invariably  accompanied  by  the  former. 
An  important  difference,  however,  is  that  the  will  can  far  more 
readily  set  in  motion  the  machinery  of  micturition  than  that 
of  defaecation  ;  a  man  can  generally  empty  his  bladder  when  he 
likes,  but  he  cannot  empty  his  bowels  when  he  likes. 

Sometimes  in  disease,  and  especially  in  disease  of  the  spinal 
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cord,  the  mechanism  of  micturitioa  breaks  down  ;  the  bladder 
is  no  loneer  emptied  :  it  remains  *li>tended  with  urine,  which 
dribbles  awav  throiLsh  the  urethra  as  fast  as  it  escapes  from 
the  ureters.  To  this  condition  the  term  incorUinence  of  urine  is 
properly  applied. 

Redex  empt\in^  ot  the  bladder,  without  an  act  of  will  or 
during  unconsciousness,  Is  not  true  incontinence.  The  in- 
voluntary micturition  of  children  during  sleep,  for  example, 
is  a  perfectly  normal  reflex  act,  although  more  easily  excited 
and  less  easily  controlled  than  in  adults.  Section  either  of  both 
nerci  ehgentea,  or  of  both  h\"jx»gastrics,  is  ne^*e^  foUowed  by 
more  than  quite  tempo^ar^•  disturbance  of  function  of  the  bladder 
in  dogs,  both  male  and  female.  In  a  few  days  the  urine  is 
normally  passed.  In  bitches  the  same  is  true  when  both  pairs 
of  ner\-es  are  divided.  But  in  male  dogs  true  incontinence  of 
urine  follows  section  of  the  four  ner\-es.  as  well  as  intense  tenesmus 
due  to  paralysis  of  the  lower  jxirt  of  the  large  intestine. 

II.  Excretion  by  the  Skin. 

Besides  permitting  of  the  trifling  gaseous  interchange  already 
referred  to  (p.  243),  the  skin  plays  an  important  part  in  the 
elimination  of  water  by  the  sweat-glands. 

Sweat  is  a  clear  colourless  liquid  of  lt>w  specific  gravity  (1003 
to  1006),  consisting  chiefly  of  water  with  small  quantities  of 
salts,  neutral  fats,  volatile  fatty  acids,  and  the  merest  traces 
of  proteids  and  urea.  It  is  acid  to  litmus  except  in  profuse 
swt;ating,  when  it  may  Ijecome  neutral  or  even  alkaline.  It  is 
secreted  by  simple  gland-tul>es.  whicli  form  coils  lined  with  a 
single  layer  of  columnar  epithelium,  in  the  subcutaneous  tissue, 
with  long  flurts  running  up  to  the  surface  through  the  true  skin 
and  epidermis.  Unless  collected  from  the  parts  of  the  skin  on 
which  therfr  are  no  hairs,  such  as  the  palm,  it  is  apt  to  be  mixed 
with  sehum,  a  secretion  formed  by  the  breaking  down  of  the 
cells  of  the  sebaceous  glands,  whicli  open  into  the  hair  follicles, 
and  consisting  chiefly  of  glycerin  and  cholesterin  fats,  soaps,  and 
salts. 

Although  it  is  only  occasionally  that  sweat  collects  in  visible 
amount  fin  the  skin,  water  is  always  being  given  off  in  the  form 
oi  vajKiur.  This  invisible  perspiration  leaves  behind  it  on  the 
skin,  or  in  the  glands,  the  whole  of  the  non-volatile  constituents, 
which  may  be  to  some^'extent  reabsorbed  ;  and  since  even  the 
visible  p<nsj)iration  is  in  large  part  evaj^orated  from  the  very 
mouths  of  th(!  glands  in  which  it  is  formed,  the  sweat  can  hardly 
1m;  considered  a  v«rhicle  of  solid  excretion,  even  to  the  small 
extent  indicated  by  its  chemical  composition. 
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The  total  quantity  of  water  excreted  by  the  skin,  and  the 
relative  projxirtions  of  ifisibU  and  invisible  perspiraliortf  vary 
greatly.  A  dry  and  warm  atmosphere  increases,  and  a  moist 
and  cold  atmo^^pUere  diminishes  the  total,  and,  within  limits, 
the  invisible  perspiration.  Visible  sweat — g^iven  the  condition 
of  ra[)id  heat-prndurtion  in  the  body  as  in  muscular  labour — 
is  more  readily  dcjwsited  on  freely  ex^x>sed  surfaces  when  the 
air  is  moist  than  when  »t  is  dry.  The  air  in  contact  with  surfaces 
covered  by  clothing  is  never  far  from  being  saturated  with 
watery  vapour.  Here,  accordingly,  a  comjmratively  slight 
increase  in  the  activity  of  the  sweat-glands  suffices  to  produce 
more  water  than  can  l)e  at  once  evajxirated  ;  and  the  excess 
appears  as  sweat  on  the  skin,  to  be  absorlied  by  the  clothing 
without  evaporation,  or  to  bo  evaporated  slowly,  as  the  pressure 
of  the  ;iqueous  vajwrnr  gradually  dimtnishes  in  consequence  of 
diffusion.  The  power  of  imbibition  (p.  352)  of  water  by  the 
various  layers  of  the  skin  diminishes  as  we  pass  outwards,  and 
the  cells  of  the  epidermis  are  characterized  by  the  rapidity  with 
which  they  return  from  a  condition  of  excessive  imbibition  to 
their  normal  state.  This  constitutes  a  protective  mechanism 
against  excessive  loss  of  water.  WTien  the  skin  is  thoroughly 
moistened  its  degree  of  imbibition  is  three  times  the  normal. 

The  quantity  of  sweat  given  off  by  a  man  in  twenty-four  hours 
varies  so  much  that  it  would  not  be  profitable  to  quote  here  the 
niunerical  results  obtained  under  different  conditions  of  tem- 
perature and  humidity  of  the  air.  It  is  enough  to  say  that  the 
excretion  of  water  from  the  skin  is  of  the  same  order  of  magni- 
tude as  that  from  the  kidneys  :  a  man  loses  upon  the  whole  as 
much  water  in  sweat  as  in  urine.  But  it  is  to  be  carefully  noted 
that  these  two  channels  of  outflow  are  complementary  to  each 
other  ;  when  the  loss  of  water  by  the  skin  is  increased,  the  loss 
by  the  kidneys  is  diminished,  and  vice  versd. 

The  Influence  of  Nerves  on  the  Secretion  of  Sweat. — The 
sweat-glands  are  governed  directly  by  the  nervous  system  ; 
and  though  an  actively  perspiring  skin  is,  in  health,  a  flushed 
skin,  the  vascular  dilatation  is  a  condition,  and  not  the  chief 
cause  of  the  secretion.  Stimulation  of  the  peripheral  end  of  tlie 
sciatic  nerve  causes  a  copious  secretion  of  sweat  on  the  i>ad  and 
toes  of  the  corresponding  foot  of  a  young  cat,  and  this  although 
the  vessels  are  generally  constricted  by  excitation  of  the  vaso- 
motor ner\'es.  Not  only  so,  but  when  the  circulation  in  the  foot 
is  entirely  cut  of!  by  compression  of  the  crural  artery  or  by 
amputation  of  the  limb,  stimulation  of  the  sciatic  still  calls  forth 
some  secretion.  As  in  the  case  of  the  salivar\'  glands,  injection 
of  atropia  abolishes  the  secretory  i>ower  of  the  sciatic,  while 
leaving   its   vaso-motor   influence   untouched :   and   pil'»carpin 
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increases  the  flow  of  sweat  by  direct  stimulation  of  the  endings 
of  the  secretory  nerves  in  the  glands. 

That  the  sweating  caased  by  a  higli  external  temix'rature  is 
normally  brought  abovit  by  nervous  intlnence,  and  not  by  direct 
action  on  the  secreting  cells,  is  shown  by  the  following  experi- 
ments. One  sciatic  nerve  is  divided  in  a  cat,  and  the  animal 
put  into  a  hot-air  chamber.  No  sweat  appears  on  the  foot 
whose  ner\'e  has  been  cut,  but  the  other  feet  are  bathed  in 
perspiration.  Similarly,  a  v^enous  condition  of  the  blood  (in 
dyspnoea)  causes  sweating  in  Ihe  feet  whose  nerves  have  not 
been  divided,  but  none  in  the  other  foot  ;  and  stimulation  of  the 
central  end  of  the  cut  sciatic  hits  the  same  effect.  All  this  points 
to  the  existence  of  a  reflex  mechanism  ;  and  it  is  certain  that 
dyspnoea  acts  by  direct  stimulation  of  the  centre  or  centres. 
The  vaso-motor  centre  is  at  the  same  time  stimulated,  and  the 
bloodvessels  constricted,  as  in  the  cold  sweat  of  the  death 
agony-  Fear  may  also  cause  a  cold  sweat,  impulses  ]>assing 
from  the  cerebral  cortex  to  the  vaso-motor  and  sweat  centres. 

U  is  probable  that  a  general  sweat-centre  exists  in  the  medulla 
oblongata,  but  ils  position  has  not  been  exactly  determined  nor  even 
its  existence  deftnitely  proved.  On  the  other  hand,  it  is  knowii  that 
in  the  cat  there  are  at  least  two  spinal  centres,  one  for  the  forc-Iimbs 
in  the  lower  part  of  the  cervical  cord,  and  another  for  the  hind-limbs 
where  the  dorsal  portion  of  the  cord  passes  into  the  lumbar.  That 
this  latter  centre  dncs  not  exist  or  is  comparatively  inactive  in  man 
is  indicated  by  the  fdlhnving  case:  A  man  fell  from  a  window  and 
fractured  his  backbone  at  the  liflh  dorsal  vertebra.  The  lower  half 
of  the  body  was  paralyzed  for  a  time,  but  recovered.  I'llimately. 
however,  the  paralysis  returned  ;  and  shortly  before  his  death 
(twenty-one  years  after  the  accident)  it  was  noticed  that  a  copious 
perspiration  broke  out  several  times  on  the  upper  part  of  the  body, 
while  the  lower  portion  remained  perfectly  dr\'.  If  there  is  any 
functional  spinal  centre  in  man,  it  appears  to  lie  above  the  fifth  spinal 
sepmcnt.  For  it  was  seen  in  a  professional  diver  wlio  fractured  his 
neck  at  that  level,  and  Jived  three  months  after  the  accident,  that 
sweat  frequently  appeared  on  jjarts  of  the  body  above  the  lesion,  but 
never  below.  .\t  the  autopsy  the  whole  thickness  of  the  cord, 
excejjt  {KThaps  a  small  portion  of  the  anterior  columns,  was  found 
destroyed.  Of  course^  it  may  be  that  in  man  the  spinal  centres, 
although  normally  active,  lose  their  function  for  a  long  time  after 
such  severe  injuries  to  the  cord  owing  to  the  condition  known  as^^ 
shock.  ^M 

The  secretory  fibres  for  the  fore-limbs  (in  the  cat)  leave  the  cord^^ 
in  the  anterior  roots  of  the  fourth  to  ninth  thoracic  nerves.  They 
pass  by  white  rami  communicantes  to  the  sympathetic  cliain,  in  which 
they  reach  the  ganglion  stellatum.  where  they  are  all  connected  with 
nerve-cells.  Then,  as  non-meduUaled  iibres,'  they  gain  the  brachial 
plexus  by  the  gra)'  rami,  and  run  in  the  median  and  ulnar  to  the 
pads  of  the  feet.  The  fibres  for  the  hinddimbs  leave  the  cord  in  the 
anterior  roots  of  the  twelfth  thoracic  to  the  third  or  fourth  lumbar 
nerves  ;  pHAS  by  the  white  rami  to  the  sympathetic  ganglia,  in  wliich 
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they  form  connections  with  ganglion  caLLs  ;  thon,  as  non-mcdullated 
fibres,  run  along  the  gray  rami,  and  are  distributed  to  the  foot  in  the 

sciatic. 

The  evidence  of  the  direct  secretory  action  of  nerves  on  the 
sweat-glands  is  singularly  striking  and  complete,  in  contrast  to 
what  we  know  of  the  kidney.  In  the  latter,  blood-flow  is  the  im- 
portant factor;  increased  blood-flow  entails  increased  secretion. 
In  llie  former,  the  nervous  impulse  to  secretion  is  the  spring 
which  sets  the  machinery  in  motion  ;  vascular  dilatation  aids 
secretion,  but  does  not  generally  cause  it.  It  would,  how- 
ever, be  easy  to  lay  too  much  stress  on  this  distinction,  for  in 
the  horse  the  mere  dilatation  of  the  bloodvessels  of  the  liead 
after  section  of  the  cervical  s^oniuthetic  has  been  f*jund  to  be 
accomj>anied  by  increased  secretion  of  sweat,  and  urinary 
secretion  can  certainly  be  affected  by  the  direct  action  of  various 
substances  on  the  secretory  mechanism,  independently  of 
vascular  changes.  But  the  br<vad  difference  stands  out  clearly 
enough,  and  the  reason  of  it  lies  in  the  essentially  different 
purpose  of  the  two  secretions.  The  water  of  the  urine  is  in  the 
main  a  vehicle  for  the  removal  of  its  solids  ;  the  solids  of  the 
sweat  are  accidental  impurities,  so  to  speak,  in  the  water.  The 
kidjiey  eliminates  substances  which  it  is  vital  to  the  organism 
to  get  rid  of ;  the  sweat-glands  pour  out  water,  not  because  it 
is  in  itself  hurtful,  not  because  it  cannot  pass  out  by  other 
channels,  but  because  the  evaporation  of  water  is  one  of  the  most 
important  means  by  which  the  temi>erature  of  the  body  is  con- 
trolled. In  short,  urine  is  a  true  excretion,  sweat  a  heat- 
regulating  secretion.  No  hurtful  effects  are  produced  when 
elimination  by  the  skin  is  entirely  prevented  by  varnishing  it, 
provided  that  the  increased  loss  of  heat  is  compensated.  A 
rabbit  with  a  varnished  skin  dies  of  cold,  as  a  rabbit  with  a 
closely-clipped  or  shaven  skin  does  ;  suppression  of  the  secretory 
function  of  the  skin  has  nothing  to  do  with  death  in  the  first 
case  any  more  than  in  the  second  (|).  244). 


PRACTICAL  EXERCISES  ON  CHAPTER  VI. 

Urine. 

For  most  of  the  experiments  human  urine  is  employed — in  the 
quantitative  work  the  mixed  urine  of  the  twcnt>'-four  hours.  Urine 
may  also  be  obtained  from  animals.  In  rabbits  pressure  on  the 
abdomen  will  usuiiUy  empty  the  bladder.  Dogs  may  be  taught  to 
micturate  at  a  set  tfmc  or  place,  or  kept  in  a  cage  arranged  for  the 
collection  of  urine.     Or  a  catheter  may  be  used  (p.  520). 
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1.  Specific  Gravity. — Pour  the  urine  into  a  glass  cylinder,  and 
remove  frotlu  if  necessary,  with  filter-paper.  Place  a  urinometer 
(Fig.  157)  in  the  urine,  and  see  that  it  does  not  come  in  contact  with 
the  side  of  the  vessel.  Read  off  on  the  graduated  stem  the  division 
which  corresponds  with  the  bottom  of  the  meniscus.  This  gives  the 
specific  Rra^'ity. 

2.  Reaction. — Test  with  litmus-paper.  Generally  the  litmus  is 
reddened,  but  occasionally  in  health  the  urine  first  passed  in  the 
morning  is  alkaline.  Sometimes  urine  has  an  amphicroic  reaction — 
f.tf.,  affects  both  red  and  blue  litmus-paper.  This  is  the  case  when 
there  is  such  a  relation  between  the  bases  and  acids  that  both  acid 
and  '  neutral  '  (dibasic)  uliusphates  are  piesenl  in  certain  proportions. 
The  acid  phusphaLo  redaens  blue  litmus,  and  the  '  neutral  '  phosphate 
turns  red  litmus  blue. 

3.  Chlorides— («)  Qualitative  Test. — Add  a  drop  of  nitric  acid  and 
a  drop  or  two  of  silver  nitrate  solution.  The  nitric  acid  is  added 
to  prevent  precipitation  of  silver  phosphate.     A  white  precipitate 

soluble  in  ammonia  shows  the  presence  of 
chlorides.  The  precipitate  appears  to  be  in- 
completely soluble  in  ammonia,  since  the 
ammonia  brinpi  down  a  small  precipitate  of 
earthy  phosphates, 

{b)  Quantttative  listimation. — 'V\iQ quantitative 
estimaiioH  of  the  chlorine  in  urine  without 
previous  evaporation  and  incineration  is  best 
made  by  one  of  the  modifications  of  Volhard's 
method.  It  depends  upon  the  complete  pre- 
cipitation of  the  chlorine  combined  with  the 
alkaline  metals,  and  also  of  sulphocyanic  acid, 
by  silver  from  a  solution  containing  nitric  acid 
in  excess  ;  and  avoids  the  error  introduced  into 
simpler  methods,  hkc  Mohr's,  by  the  union  of 
some  of  the  silver  with  other  substances  than 
chlorine.  A  given  quantity  of  a  standard 
scjlution  of  silver  nitrate  (more  than  sufficient 
to  combine  with  all  the  chlorine)  is  added  to  a 
given  volume  of  urine.  The  excess  of  silver  is 
now  estimated  by  means  of  a  standard  solution 
of  ammonium  sulphocyanide,  which  precipi- 
tates the  silver  as  insoluble  silver  sulpho- 
cyanide. A  fairly  strong  solution  of  the  double  sulphate  of  iron 
and  ammonium  (known  as  iron-ammonia-alum)  is  taken  as  the 
indicator,  since  a  ferric  salt  does  not  give  the  usual  red  colour  >vith 
a  sulphocyanide  so  long  as  any  silver  in  the  solution  is  uncombined 
with  sulphocyanic  acid.  The  iron-ammonia-alum  forms  the  red 
salt,  fcrnc  sulphocyanide,  when  any  excess  of  ammonium  sulpho- 
cyanide is  present,  but  it  does  not  react  with  silver  sulphocyanide. 

'  The  standard  solution  of  silver  nitrate  can  be  made  by  ai.ssolving 
29*063  grammes  of  pure  fused  silver  nitrate  in  distilled  water  and 
making  up  the  volume  of  the  solution  accurately  to  i  Htre,  The 
solution  should  t>e  kept  in  the  dark.  One  c.c.  of  this  solution  corre- 
sponds to  O'oi  gramme  NaCl  or  0*00607  gramme  CI. 

The  standard  solution  of  ammonium  sulphocyanide  is  prepared 
as  follows:  Dissolve  13  grammes  pure  ammonium  sulphocyanide 
(NH,CNS)  in  a  litre  of  distilled  water.  Measure  with  a  pipette  into 
a  beaker   20  ex,  of  the  standard  silver  nitrate  solution,  and  add 
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5  cc  of  the  iron  alum  solution  and  4  c.c.  of  pure  nitric  acid  (specific 
^avity  r'2).  Fill  a  burette  with  the  sulphocyanidc  solution,  and  run 
It  into  the  silver  nitrate  solution  until  a  faint  permanent  red  tinge  is 
obtained.  Note  the  number  of  c.c.  of  the  sulphocyanidc  solution 
required,  and  thru  dilute  the  solution  till  2  c.c.  of  the  sulphocyanidc 
solution  correanond  exactly  to  i  c.c.  of  the  silver  solution,  so  as  just  to 
allow  of  the  ena  reaction  with  the  iron  solution  being  seen,  and  no  more. 

To  carry  out  the  method,  put  10  c.c,  o(  urine,  which  must  be  free 
from  albumin,  in  a  stopj^cred  flask,  with  a  mark  corresponding  to 
100  c.c,  or  a  graduated  cylinder.  Add  50  c.c.  of  water,  4  cc.  of  pure 
nitric  acid  (specific  gravity  i'>),  and  15  cc.  of  the  standard  silver 
solution  ;  shake  well,  fill  with  water  to  the  mark,  and  again  shake. 
After  the  precipitate  has  settled,  filter  it  oflf.  Take  50  c.c.  of  the 
filtrate,  add  5  c.c.  of  the  solution  of  iron-ammonia-ahim,  and  run 
in  from  a  burette  the  standard  solution  of  ammonium  sulphocyanidc 
until  a  weak  but  permanent  red  coloration  appears. 

Suppose  X  c.c  of  the  sulphocyanidc  solution  are  required,  then 
the  chlorine  in  10  c.c.  of  urine  evidently  corresponds  to  (15— -c). 
o"oi  gramme  NaCl. 

4.  Phosphates — (i)  Quaiitative  Tests. — {a)  Render  the  urine  alka- 
line with  ammonia.  A  precipitate  of  earthy  phosphates  (calcium 
and  magnesium  phosphates)  falls  down.  Filter.  The  filtrate  con- 
tains the  alkaline  phosphates.  To  the  filtrate  add  magnesia  mixture* 
The  alkaline  phos])hiites  {sodium,  potassium,  or  ammonium  phos- 
phates) are  precipitated  as  ammonio-magnesic  or  triple  phosphite. 
(6)  Add  to  urine  half  its  volume  uf  nitric  acid  and  a  little  molybdatc 
of  ammonium,  and  heat.  A  yellow  precipitate  of  ammonium  phos- 
pho-molybdatc  shows  that  phosphites  are  present.  This  test  is 
given  both  by  y-lkaline  and  earthy  phosphates. 

(2)  Quantitativf  Estimation. — The  quantitaiivf  esttmition  of  pho:- 
photic  acid  in  urine  is  best  done  volumetrically,  by  titration  with  a 
standard  solution  of  uranium  nitrate,  using  fcrrocyanidc  of  potassium 
as  the  indicator.  Uranium  nitrate  gives  with  phosphates,  in  a  solu- 
tion containing  free  acetic  acid,  a  precipitate  with  a  constint  pro- 
portion of  phosphoric  acid.  As  soon  as  there  is  more  uranium  in 
the  solution  than  is  required  to  combine  with  all  the  phosphoric  acid, 
a  brown  colour  is  given  with  potassium  ferrocyanide,  due  to  the 
formation  of  uranium  ferrocyanide.  In  carrying  out  the  method, 
5  cc.  of  a  mixture  of  acetic  acid  and  sodium  acetate  (there  are 
10  grammes  of  sodium  acetate  and  10  grammes  of  glacial  acetic  acid 
in  100  c.c.  of  the  mixture)  arc  added  to  50  c.c  of  urine,  which  ia^ 
then  heated  in  a  beaker  on  the  water-bath  almost  to  boiling.  The 
standard  uranium  solution  (which  contains  35*5  grammes  of  uranium 
nitrate  in  the  litre,  and  i  c.c.  of  which  corresjwnds  to  0*0)5  gramme 
PjOJ  is  now  run  in  from  a  burette,  until  a  drop  of  the  urine  gives, 
with  a  drop  of  }>otassium  ferrocyanide  solution,  on  a  porcelain  slab, 
a  brown  colour.  Uranium  acetate  may  be  used  instead  of  uranium 
nitrate,  but  the  latter  keeps  best.  When  uranium  acetate  i»  employed 
it  is  not  necessary  to  add  the  sodium  acet^itc  mixture. 

5.  Sulphates — (i)  Qualitative  Test. — .\dd  to  urine  a  drop  of 
hydrochloric  acid  and  then  a  few  drops  of  barium  chloride-  A  white 
precipitate  comes  down,  showing  that  inorganic  sulphates  are  present. 
The  hydr(x:hloric  acid  prevents  precipitation  of  the  phosphates. 

(2)  Quantitative    Estimation    of    the    S%Uphuric    Acni    united    with 

*  Magnesium  chloride  110  grammes,  ammoaium  chloride  140  i;ramme% 
ammonia  (specific  gravity  0*91)  J50  cc.  and  water  1,750  c.c 
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Inorganic  Bases, — Acidulate  loo  c.c.  of  albumin-frce  urine  with 
acetic  acid,  add  excess  of  barium  chloride,  and  heat  on  the  water-bath 
till  the  precipitate  has  settled  ;  filter  throuRh  an  ash-free  filter,  wash 
the  precipitate  with  water,  with  dilute  hydrochloric  acid,  then  again 
with  water.  Dry.  incinerate  in  a  platinum  or  porcelain  dish,  and 
weigh.  From  the  weight  of  barium  sulplialc  the  inorganic  sulphuric 
acid  is  easily  calculated  (SO(  in  i  gramme  of  barium  sulpfiate=* 
0'4l  1K7  granimc). 

(3)  Quantitative  Estimation  of  the  Sulphuric  Acid  united  with 
Aromatic  bodies  (aromatic  or  organic  sulphuric  acid). — Add  to  the 
filtrate  and  the  washings  from  (2)  a  little  hydrochloric  acid,  and  heat 
in  order  to  break  up  the  aromatic  sulphates.  The  elements  of  water 
are  thus  taken  up  by  these  salts  ;  and  the  sulphuric  acid  is  able  to 
unite  with  the  barium.  Filter  through  an  ash-free  filter.  Add  a  few 
dro]^  nf  barium  chloride  to  the  first  portion  of  the  filtrate  which 
comes  throu/;h.  If  there  is  no  precipitate,  enough  barium  chloride 
to  combiuc  with  all  Iho  sulphuric  acid  is  present,  and  the  filtration 
can  be  proceeded  with.  But  if  there  is  any  precipitate,  more  barium 
chloride  must  be  added,  and  the  liquid  ]Jas&ed  again  through  the 
filter.  Treat  the  precipitate  on  the  filter  as  in  (2).  Its  weight  after 
incineration  gives  the  quantity  of  barium  sulphate  corresponding  to 
the  sulphuric  acid  of  the  aromatic  compounds. 

ft.  Indoxyl  (contained  in  the  urine  as  indican,  the  potassium  salt 
of  indoxyl-sulphuric  acid)  can  be  oxidized  into  indigo,  and  so 
estimated. 

A  quahtative  test  is  the  following  :  Ten  c.c,  of  horse's  urine  is 
mixed  with  10  c.c.  of  strong  hydrochloric  acid,  and  a  dilute  solution 
of  sodium  hypochlorite  added  drop  by  drop  ;  a  bluish  colour  appears 
if,  as  is  generally  the  case,  indoxyl  is  present,  mdigo  (CiflHjoNfOj) 
being  formed  by  the  oxidizing  action  of  the  hypoclUorite  on  the 
indoxyl,  the  compound  of  which  with  sulphuric  acid  has  been  broken 
up  by  the  hydrochloric  acid.  The  number  of  drops  of  the  hyp<i- 
chlorltc  required  to  give  the  maximum  change  of  colour  is  deter- 
mined. Then  the  experiment  may  be  rci>eated  by  dropping  this 
quantity  of  hypochlorite  into  lo  c.c,  of  the  hydrochloric  acid,  and 
adding  10  c.c.  of  the  urine.  The  urine  must  be  free  from  albumin. 
If  too  much  hypoclUorite  be  added,  the  indigo  is  itself  oxidized. 
In  performing  the  test  in  human  urine,  which  contains  a  smaller 
quantity  of  the  indigo-forming  substance,  the  faint  blue  liquid  should 
be  shaken  up  with  a  few  drops  of  chloroform.  The  latter  takes  up 
the  colour,  which  is  thus  rendered  more  evident.  H  there  is  difficulty 
in  obtaining  the  reaction,  the  urine  should  first  be  concentrated  on  the 
water-bath.  The  skatoxyl  of  urine  can  also  be  oxidized  to  indigo, 
but  it  is  present  in  far  smaller  amount.  The  average  quantity  of  in- 
digo obtained  from  a  htre  of  horse's  urine  is  about  1 50  miUigrammcs  ; 
from  a  htre  of  human  urine,  not  a  twentieth  of  that  quantity- 

7.  Urea— (I )  Preparation. — Urea  can  be  obtained  from  dog's 
urine  by  evaporating  it  to  a  syi^p,  extracting  with  absolute  alcohol, 
evaporating  most  of  the  alcohol,  and  allowing  the  mass  to  crystallize. 
Or  human  urine  may  be  concentrated  to  a  s>Tup,  the  syrup  ex- 
tracted witli  alcohol,  the  alcoholic  extract  evaporated  to  a  small 
bulk  on  the  water-bath,  cooled  to  o'',  and  mixed  with  a  moderate 
excess  of  strong  pure  nitric  acid.  A  mass  of  rhombic  or  six-sided 
tabular  cr^'stals  of  nitrate  of  urea  separates.  The  precipitate  is 
filtered  off.  pressed  between  folds  of  blotting-paper,  and  suspended 
in  a  little  water.     Barium  carbonate  is  then  added  till  cartxjn  dioxide 
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to  be  given  off.  What  remains  is  a  mixture  of  urea  and  barium 
nitrate,  from  the  dry  residue  of  which  urea  can  be  dissolved  out  by 
alcohol  (Hoppe-Seyler). 

(2)  Decomposition  of  Urea. — Heated  dry  in  a  test-tube,  it  gives  of? 
ammonia.  The  residue  contains  biuret,  which,  when  dissolved  in 
water,  jjives  a  rose  colour  with  a  trace  of  cupric  sulphate  and  excess 
of  sodium  hydrate  (or  of  the  hydrates  of  certain  other  metals  of  the 
alkalies  and  alkaline  earths,  p.  4).  Some  protcids — iwptones  and 
albumoses  -in  the  prnsonce  of  the  same  reagents,  give  a  similar 
colour,  the  so-called  biuret  reaction. 

(?)  Quantitative  Kstimatitm  —  The  Hypobromite  Method, — ^Thc  urea 
is  split  up  by  sodium  hyixjbromitc  (p.  j86).  and  the  carbon  dioxide 
being  absorbed  by  the  excess  of  Mxlium  hydrate  used  in  preparing 
the  hypobromite,  the  nitrogen  is  collected  over  water  in  an  inverted 
burette.  It  is  easy  to  calculate  the  weight  of  urea  corresponding 
to  a  given  volume  of  nitrogen  measured  at  a  given  temperature  and 
pressure.  The  nitrogen  of  urea  is  ^%,  or  ^%  of  the  whole  molecular 
weight.  Now,  i  c.c.  of  N  weighs,  at  760  millimetres  of  mercury 
and  o"  C,  o'oaiz^  gramme.  Therefore,  \  c.c.  of  N  corresponds  to 
0*00125  X  y =0*00268  gramme  urea.  Suppose,  now.  that  i  c.c.  of 
urine  was  found  to  yield  loc.c,  of  N  measured  at  \j°  C,  and  750  milli- 
metres barometric  pressure.  Since  a  gas  expands  ^l^  part  of  its 
volume  at  0°  for  every  degree  above  0°,  we  must  correct  the  apparent 
volume  of  the  nitrogen  by  multiplying  by  t.]*^-  Since  the  volume  of 
a  gas  is  inversely  proportional  to  the  pressure,  wc  must  further 
multiply  by  ij(}{.  Thus  wc  get  io>c  jfjig  x  Iji}|  =  ^^^'j^  =  0*ao  c.c, 
as  the  volume  of  the  nitrogen  reduced  to  o  C.  and  760  millimetres  ol 
mercury.  Multiplying  this  byooo268,  we  gcto'o»4g  gramme  urea  for 
I  c.c.  urine,  which  for  a  daily  jield  of  1,200  c.c.  would  correspond  to 
20'H8  grammes  urea. 

As  a  matter  of  fact,  however,  it  has  been  found  that  there  is  always 
a  deficiency  of  nitrogen — that  is,  a  given  quantity  of  urea  j-ields  less 
than  the  estimated  amount  of  ^as.  A  gramme  of  urea  in  urine, 
instead  of  giving  off  373  c.c.  of  nitrogen,  gives  only  354  c.c.  at  0°  C. 
and  7'x)  millimetres  pressure.  We  must  therefore  take  i  c.c.  of  N 
as  corresponding  to  0*00282  gramme,  instead  of  o'00268  gramme  urea. 
But  it  is  affectation  to  make  this  correction  if,  as  is  constantly  done 
in  hospitals,  the  temperature  is  not  taken  into  account. 

A  convenient  apparatus  for  clinicil  use  is  shown  in  Fig.  158.  In 
B,  place  10  c.c.  ol  a  solution  made  by  adding  bromine  to  ten  times 
its  volume  of  40  iier  cent,  sodium  hydrate  solution.  Mix  5  c.c.  ol 
urine  with  5  c.c.  of  water.  IMt  5  c.c.  of  the  mixture  into  the  thimble 
A,  which  is  then  set  in  the  small  bottle  B.  The  cork  is  now  carefully 
fixed  in  B,  and  the  tube  P  being  open,  the  \cvc\  of  the  water  in  the 
burette  is  read  off.  The  pinchcocK  having  tx^cn  closed,  the  iMttlc 
B  is  now  tilled  so  that  the  urine  in  the  thimble  is  gradually  mixed 
with  the  hypobromite  solution,  and  the  nitrogen  given  off  is  added  to 
the  air  in  the  burette  and  its  connections.  The  level  of  the  water 
in  the  burette  is  therefore  depressed.  When  gas  ceases  to  be  given 
off,  and  a  short  time  has  been  allowed  for  the  whole  to  cool,  the  tube 
is  raised  till  the  level  of  the  water  is  once  more  the  same  inside  and 
out.  The  level  is  again  read  off  ;  the  difference  of  the  two  readings 
«lvcs  the  volume  of  nitrogen  at  the  temperature  of  the  air  and  the 
oarometric  pressure.  In  order  that  the  temjx^raturc  of  the  water 
may  be  the  same  as  that  of  the  air.  the  cylinder  should  be  filled  a 
considerable  time  before  the  observations  are  begun. 
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8.  Estimation  of  the  Total  Nitrogen. — it  is  sometimes  more 
portant  to  determine  the  total  nitrogen  of  the  urine  than  the  urea 
alone  ;  and  this  is  conveniently  done  by  Kjeldahl's  method  (or  some 
modification  of  it),  which  can  also  be  applied  to  the  estimation  of  the 
nitrogen  in  the  faeces,  or  m  any  of  the  sohds  or  Uquids  of  the  body. 
It  dcix^nds  on  the  oxidation  of 'the  nitrogenous  matter  in  such  a  way 
tliat  the  nitrngen  is  ;U1  represented  as  ammonia.  The  ammonia 
is  then  distilled  over,  coUecied  and  estimated,  and  from  its  amount 

the  nitrogen  is  easily  calculated. 
In  urine  the  method  can  be  ciuricd 
out  by  adding  to  a  measured  quan- 
tity of  it  (say  >  c.c.)  four  times  its 
volume  of  strong  sulphuric  acid, 
and  boiling  in  a  long-ncckcd  flask 
(capacity'  aoo  c.c).  iifter  the  addi- 
tion of  a  globule  of  mercury  {about 
0*1  c.c),  which  hastens  oxidation 
and  obviates  bumping.  A  part 
of  the  mercuric  sulphate  formed 
remains  in  solution  ;  the  rest  forms 
a  crystalline  deposit.  The  heating 
should  continue  for  half  an  hour, 
or  until  the  liquid  is  decolorized. 
It  should  be  kept  grutly  boiling. 
This  completes  the  process  of  oxi- 
dation ;  and  the  next  step  is  to 
liberate  the  ammonia  from  the 
substances  with  which  it  is  united 
in  the  sohition,  and  to  distil  it 
over.  Dilute  the  liquid  with  water, 
afUr  ctwling,  up  to  about  150  c.c, 
and  ptjur  into  a  larger  long-necked 
flask.  Add  enough  of  a  solution 
of  sodium  hydrate  (specific  gravity 
about  1*2  5 )  to  render  the  liquid 
alkaline,  avoiding  excess,  as  this 
favours  bumping.  The  proper  quan- 
tity can  be  found  by  determining 
beforehand  how  much  of  the  alkali 
is  needed  to  neutralize  the  acid  used 
for  oxidation,  and  a  little  more  than 
this  amount  should  be  added-  Twenty 
C.C.  of  strong  sulphuric  acid  needs 
about  75  c.c.  of  40  per  cent,  sodiur.i 
hydrate  to  neutralize  it.  Humping 
may  further  be  prevented  by  the 
addition  of  a  little  granulated  zinc.  Shake  the  fiask  two  or  tlirce 
times.  Add  also  about  1 2  c.c  of  a  concentrated  solution  of  potassium 
sulphide  0  part  to  1 J  parts  water),  which  favours  the  setting  free  of 
the  ammonia  from  the  amino-compounds  of  mercury  that  have  been 
formed  during  oxidation.  Commercial '  Uvcr  of  sulphur '  will  do  quite 
well.  Immediately  connect  the  distilUng-flask  with  the  worm,  as 
shown  in  Fig.  1 59.  and  distil  the  ammonia  over  into  $0  c.c.  of  standard 
(decinormal)  sulphuric  acid  (sec  footnote,  p.  386)  contained  in  a  flask 
into  which  a  glass  tube  connected  with  the  lower  end  of  the  worm 
diiis.     Heat  the  distilling  flask  at  first  gently,  then  strongly,  and  boil 


Fir..    15*. — Hypobromite    Mkthud 

or    ESTIMATING    UftEA. 

A,  glass  thimble ;  B.  botllp. 
throiiKh  the  rubber  cork  of  whirh 
pa.«s  two  shnrt  glass  tubes,  one  ron- 
iiectcd  by  the  rublwr  tube  C  with 
a  burette  D,  and  the  other  anned 
with  a  shnrt  piece  of  rubber  tube  F. 
F  is  provided  with  a  pincbcock. 
The  burette  is  supported  on  a  stand, 
and  immersed  in  water  contained  in 
the  glass  cylindfT  E. 
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for  three-quarters  of  an  hour,  or  until  about  two-thirds  of  the  Liquid 
has  passed  over.  Then  lift  the  tube  out  of  the  standard  acid,  and 
continue  the  distillation  for  two  or  three  minutes  longer.  The 
ammonia  is  now  all  united  with  the  standard  acid,  a  certain  amount 
of  which  is  left  over.  By  determining  this  amount  we  arrive  at  the 
quantity  combined  with  ammonia,  and  therefore  at  the  quantity  of 
ammonia.  Fill  a  burette  with  a  decinormal  solution  of  potassium 
or  sodium  hydrate.  Add  a  little  metlivl  orange  solution  to  the 
standard  sulphuric  acid,  to  serve  as  indicator.  Then  run  in  the 
potassium  or  sodium  hydrate  till  the  pink  tinge  gives  place  to  a 
permanent  but  just  recognisable  yclUjw,  l,et  x  be  the  number  of 
c.c.  run  in.  Since  i  c.c.  of  any  dccinorm;il  solution  is  equivalent  to 
I  c.c.  of  any  other,  x  represents  also  the  number  of  c.c.  of  the  standard 
sulphuric   acid   left   uncombined   with   ammonia;  and    co  -  .r,   the 


Flo.     159. — AjtRANGEUeSt    FOR    DISTILLATION    IN    ESTIUATIOIt    Or    TOTAL 

Nitrogen. 


quantity  combined  with  ammonia.  Then,  i  c.c.  of  decinormal 
s<xlium  or  potassium  hydrate  being  equivalent  to  1  q.c.  of  deci- 
normal ammonium  hydrate,  and  1  c.c.  of  decinormal  ammonium 
hydrate  containing  0*0014  gramme  nitrogen,  wc  get  (50  -  4')xo'ooi4 
as  the  quantity  of  nitrogen  in  5  c.c.  of  urine. 

Instead  of  mercury,  potassium  sulphate  and  copper  sulphate  may 
be  adde<l  10  the  sulphuric  acid  in  order  to  aid  oxidation  in  the  first 
stage  of  the  estimation.  About  3  grammes  of  potassium  sulphate 
and  I  gramme  of  copper  sulphate  are  added  to  5  c.c.  of  urine,  and 
then  5  c.c.  of  sulphuric  acid.  The  liquid  is  gently  boiled  lor. an  hour, 
or  until  it  is  quite  clear.  The  neutralization  and  distillation  are 
conducted  as  before,  the  proper  quantity  of  sodium  hydrate  being 
determined  in  advance.  No  potassium  sulphide  is  added,  but  a 
small  quantity  of  talc  may  be  put  in  to  prevent  bumping. 
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9.  Uric  Acid— (i)  Preparation.— \Jr\z  acid  can  be  prepared  in  a 

pure  form  from  serpents'  excrement,  by  dissolving  it  in  dilute  sodium 
hydrate,  and  filtcnng.  The  filtrate  contains  sodium  urate,  which  is 
precipitated  by  a  current  of  carbon  dioxide.  The  uric  acid  is  set 
free  by  boiUng  the  precipitate  with  dilute  hydrochloric  acid,  and  is 
deposited  as  a  colourless  crystaUine  [X)wder  on  cooling. 

(2)  Qualitative  Test  for  Uric  Acid — Murexide  Test. — A  small 
quantity  of  uric  acid  or  one  of  its  salts  is  heated  with  a  httlc  dilute 
nitric  acid.  The  colour  of  the  residue  left  by  evaporation  becomes 
yellow,  and  then  red.  and  on  tlic  addition  of  ammonia  changes  to  deep 
purple-red.  IVitassium  or  sodium  hydrate  changes  the  yellow  to 
violet.  The  purplc-rcd  substance  is  murexide  or  ammonium  pur- 
puratc.  It  is  also  formed  by  the  action  of  nitric  acid  and  ammonia 
on  theobromine  (dimethylxanthin).  the  alkaloid  of  cocoa,  and  theine 
or  caffeine  (trimethylxantlun),  the  alkaloid  of  tea  and  coflEee,  which 
are  also  purin  derivatives. 

(.5)  Quantitative  Estimation — {a)  By  Precipitation  and  Weighing. — 
Uric  acid  is  precipitated  like  grains  of  cayenne  pepper  on  the  sides  » 

and  bottom  of  the  vessel  in  which  urine,  strongly  acidulated  with     ^M 
pure  hydrochloric  acid,  is  allowed  to  stand  for  forty-eight  hours.     ^| 
By  collecting  the  crj'stals  from  a  measured  quantity  of  urine  (say     ^\ 
260  c,c.  with   io  c.c.  hydrochloric  acid  added)  on  a  small  weighed 
filter,  washing  the  precipitate  on  the  filter  with  as  small  a  quantity  of 
water  as  possible  (not  more  than  jo  c.c),  drying  at   iio'^  C,  and 
weighing,  an  estimate  may  be  made  of  the  amount  of  uric  acid  present 
(Heintz).     Notwithstandmg  that  the  pigment  carried  down  with  the 
uric  acid  is  added  to  the  weight  of  the  latter,  this  method  gives 
results  somewhat  too  small,  as  a  portion  of  the  uric  acid  is  left  in 
solution.     A  better  method  is  the  following  : 

{b)  Hopkins's  Afcthod  of  Estimation  of  Uric  Acid. — Add  about 
25  grammes  of  ammonium  clUoride  to  100  c.c.  of  urine  in  a  beaker. 
Stir  well  to  dissolve  all  the  salt.  Then  add  2  c.c.  of  strong  ammonia. 
Let  the  mixture  stand  till  the  precipitate  of  ammonium  urate  which 
is  formed  has  entirely  settled  to  the  bottom  and  the  Hquid  above  it 
is  clear.  Then  filter  through  a  small  filter-paper.  Wash  the  pre- 
cipitate on  the  filter  twice  with  saturated  solution  of  ammonium 
cidoridc  from  a  wash-bottle.  Then  wash  the  precipitate  into  a 
porcelain  capsule  with  hot  water  from  a  wash-bottle  with  a  fine  jet, 
unfolding  the  filter-paper  over  the  capsule  so  as  to  get  it  all  off. 
For  this  purpose  not  more  than  20  to  30  c.c.  of  water  should  generally 
be  necessary  ;  but  if  much  more  has  been  used  the  excess  should  be 
got  rid  of  by  evaporation  on  a  water-bath.  Pour  about  i  c.c.  of 
strong  hydrochloric  acid  into  the  capsule,  heat  to  boiling,  and  then 
allow  the  capsule  to  stand  in  the  cold  till  the  uric  acid  crystallizes 
out.  The  time  required  for  this  is  2  to  12  hours,  being  shorter 
the  lower  the  temperature.  The  crystals  arc  filtered  of!  through  a 
small  weighed  filter,  the  filtrate  being  received  in  a  graduated 
cylinder  and  measured.  The  crystals  arc  then  washed  on  the  filter 
with  cold  distilled  water,  till  the  washings  come  through  the  filter  free 
from  chlorides,  as  tested  by  silver  nitrate  (p.  420).  The  filter  with 
the  crystals  is  dried  in  the  oven  antl  weighed.  To  the  weight  of  the 
uric  acid  thus  obUiincd  1  milUgramme  must  be  ad<led  for  each  15  c.c. 
of  the  hltrate^(the  moiher-hquor)  collected  in  the  graduated  cylinder. 

Or,  instead  of  being  estimated  by  weighing,  the  uric  acid  cr>'stals 
may,  after  having  been  washed  with  the  cold  distilled  water  as 
described,  till  free  from  chlorides,  be  washed  again  with  hot  water 


4 


4 


J 


PRACTICAL  EXERCISES 


4*7 


I 


off  the  filter  (which  need  not  in  this  case  be  a  weighed  one)  into  a 
capsule.  The  capsule  is  filled  up  w*ith  distilled  water,  i  c.c.  of  lo  per 
cent,  sodium  carbonate  solution  added,  and  the  contents  heated  to 
boihng  to  dissolve  the  uric  acid.  The  solution  is  allowed  to  cool, 
and  then  emptied  into  an  Erienmeyer's  flask  with  a  mark  roughly 
corresponding  to  loo  c.c.  The  solution  is  made  up  to  loo  c.c.  with 
distilled  water.  A  burette  is  filled  with  standard  potassium  perman- 
ganate solution  (a  twentieth-normal  solution  made  by  dissolving  1*581 
grammes  of  the  permanganate  in  a  litre  of  water).  Twenty  c.c.  of 
stronjj  sulphuric  acid  are  [xjured  into  the  flask,  which  is  then  sliakon. 
The  [>ermangaTiate  is  now  run  in  with  consUint  shaking  of  the  flask. 
At  first  the  pink  colour  produced  where  the  drops  of  permanganate 
fall  into  the  liquid  disappears  at  once  without  spreading  through  the 
liquid.  When  a  certain  amount  has  been  run  in.  however,  the  whole 
liquid  becomes  pink,  although  the  colour  soon  disappears.  This 
indicates  that  enough  of  the  jxjrmanganate  has  been  added.  Each 
C.C.  of  the  permanganate  usee!  is  equivalent  to  0*00375  gramme  uric 
acid.  One  milligramme  must  be  added,  as  before,  to  the  result  for 
each  I  5  cc.  of  the  mother  liquor  from  which  the  uric  acid  crystals 
were  deposited. 

10.  Krcatinin. — Quaiitaiiveiy.  kreatinin  may  be  recognised  in  very 
small  amounts  by  Weyl's  test,  A  few  drops  of  a  dilute  solution  of 
sodium  nitro-prusside  arc  added  to  urine,  and  then  dilute  sodium 
hydrate  drop  by  drop.  A  ruby-red  colour  appears,  which  soon  turns 
vcllow.  If  the  urine  is  now  strongly  acidified  with  acetic  acid  and 
heated,  it  becomes  first  greenish  and  then  blue.  Enough  acid  must 
be  added  to  more  than  neutralize  the  alkali. 

Kreatinin  forms  crystalline  compounds  with  various  acids  and 
salts.  One  of  the  best  known  of  these  is  kreatinin-zinc-cliloride, 
formed  on  the  addition  of  zinc  chloride  to  an  alcoholic  or  water>' 
solution  of  kreatinm.  often  in  the  shape  of  beautiful  thick-set  rosettes 
of  needles.  Neubauer  has  made  this  reaction  the  basis  of  a 
method  for  the  guatitttatwe  estimation  of  kreatinin  (Fig.  147.  p.  S^T)* 
but  the  results  seem  to  be  somewhat  uncertain. 

11.  Hippuric  Acid. — From  horse's  or  cow's  urine  hippuric  acid  is 
prepared  bv  evaporating  to  a  small  bulk,  and  adding  strong  hydro- 
chloric acid.  The  crystalline  precipitate  is  washed  with  cold  water, 
then  disolvcd  in  hot  water,  and  filtered  hot.  Hippuric  acid  seiKiratcs 
out  from  the  filtrate  in  the  cold  in  the  form  of  long  four-sided  prisms 
with  p>Tamidal  ends.  Heated  dry  in  a  test-tube,  the  cr>'stals  melt, 
and  benzoic  acid  and  oily  drops  of  benzonitrilc,  a  substance  with  a 
smell  like  that  of  oil  of  bitter  almonds,  are  formed. 


ABNORMAL    SUBSTANCES    IN    URINK. 

12.  Proteids — (i)  Quaiiiative  Tests. — (a)  Boil  and  add  a  few  drops 
of  nitric  acid.  .\  precipitate  on  boiling,  incre^iscd  or  not  affected 
by  the  acid,  shows  the  presence  of  coagulable  proteids  (seaiin- 
albumin  or  globuhu).  A  precipitate  of  earthy  phospliatcs  sometimes 
forms  on  boiling.  It  is  distinguished  from  a  precipitate  of  proteids 
by  dissolving  on  the  addition  of  acid. 

,  (6)  Uetifif's  Test. — Put  some  nitric  acid  in  a  test-tube.  Pour 
carefully  on  lo  the  surface  of  the  acid  a  little  urine.  A  white  ring  al 
the  junction  nf  the  h<|uids  indicates  the  presence  of  albumin  or 
globulin.     If  much  ulbumose  is  present,  a  white  precipitate,  which 
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disappears  on  heating,  may  be  formed.  When  this  test  is  performed 
with  undiluted  urine,  uric  acid  may  be  precipitated  and  cause  a 
b^o^vn  colour  at  the  junction.  A  similar  ring  may  be  found  in  the 
absence  of  proteids  when  the  test  is  made  on  the  urine  of  a  patient 
who  has  been  taking  copaiba.  In  very  concentrated  urine  a  white 
ring  oi  nitrate  of  urea  may  be  formed.  A  coloured  ring  is  frequently 
seen,  owing  to  the  oxidation  of  certain  chromogens  of  urine. 

(c)  Filter  some  urine,  and  add  to  the  hltrate  its  own  volume  of 
acetic  acid.  A  precipitate  may  indicate  mucin  or  uucleo-albumin. 
If  any  is  formed,  filter  it  off,  and  add  to  the  hltrate  a  few  drops  of 
potassium  fcrrooyanidc.  A  white  precipitate  shows  the  presence  of 
proteids. 

[d)  Test  for  GlohtUin  in  Urine. — Serum-globulin  probably  never 
occurs  in  urine  apart  from  serum-albumin.  It  may  ho  detected  thus : 
Make  the  urine  alkaline  with  ammonia,  let  it  stand  for  an  hour  and 
filter.  Half  saturate  the  filtrate  with  ammouium  sulphate — i,s»,  add 
to  it  an  equal  volume  of  a  saturated  solution  of  ammonium  sulphate. 
Serum-globulin  is  precipitated,  serum-albumin  is  not. 

(c)  Test  for  Aibumose  in  Urine  {Aibumosuria). — Coagulablc  proteids 
are  removed  by  boiling  the  urine  (acidulated  if  necessary),  and  filter- 
ing off  the  precipitate  if  any.  The  filtrate  is  neutralized.  If  a 
further  precqiitatc  fall.H  down  it  is  filtered  off.  the  clear  filtrate  ia 
heated  in  a  beaker  placed  in  a  boiling  water-bath,  and  there  saturated 
with  crystals  of  ammonium  sulphate.  A  precipitate  indicates  th^t 
albumoscs  (proteoses)  are  present,  A  slight  precipitate  might  pos- 
sibly be  due  to  the  formation  of  ammonium  urate.  A  further  test 
may  be  performed  on  the  original  urine  if  it  is  free  from  coagulable 
proteids,  or  on  the  filtrate  after  their  removal.  Add  a  drop  or  two  of 
pure  nitric  acid.  If  albumoses  arc  present,  a  precipitate  is  thrown 
down  wliich  disaj^x^ars  on  heating,  and  reappears  on  cooling  the  test- 
tube  at  the  cold-water  tap. 

(/)  Test  for  Peptone  in  Urine  {Peptonuria). — Place  some  of  the 
urine  in  a  beaker  on  a  boiling  water-bath  for  thirty  minutes,  and 
saturate  with  ammonium  sulphate  cr>*stals.  Then  boil  over  a  small 
Hame  or  in  an  air-bath  for  half  an  hour.  All  the  proteids,  including 
ueptones,  are  precipitated.  But  the  peptones  can  still  be  redissolvcd 
Dy  water,  the  others  not.  Filter  hot.  Wash  the  precipitate  on  the 
filter  with  a  boiling  saturated  solution  of  ammonium  sulphate.  Then 
extract  the  residue  with  cold  water,  filter,  and  test  the  filtrate  by  the 
biuret  test  (addition  of  very  dilute  cupric  sulphate  and  excess  of 
sodium  hydrate).  A  rose  colour  indicates  the  presence  of  peptone 
(p.  4),  but  if  the  reaction  is  only  a  faint  one,  it  may  be  due  to 
urobilin  (Stok\'is).     True  peptone  is  rarely  found  in  urine. 

{2)  Quantitative  Estimaiicm  of  Coaguiabte  Proteids  {Serum-Aibumin 
and  Giohulin) — (a)  Gravimetric  Method. — Heat  50  to  100  c.c.  of  the 
urine  to  boiling,  adding  a  dilute  solution  {2  per  cent.)  of  acetic  acid 
by  drops  as  long  as  the  precipitate  seems  to  be  increased.  Filter 
through  a  weighed  filter.  Wash  the  precipitate  on  the  filter  with  hot 
water,  then  with  hot  alcohol,  and  finally  with  ether.  Dry  in  an 
air-bath  at  i  10^  C,  and  weigh  between  watch-glasses  of  known 
weight. 

(b)  Method  of  Roberts  and  Siolnikow  (modified  hy  Brandberg).- — 
This  method  is  founded  on  the  fact  that  the  time  taken  for  the  white 
ring  to  appear  in  Heller's  test  depends  on  the  proportion  of  coagulable 
proteid  present.  It  has  been  found  that  when  l  j)art  of  albumin  is 
contained  in  jO,ooo  parts  of  an  albuminous  solution  (0*0033  pc  cent. ), 
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the  ring  appears  in  two  and  a  half  to  three  minutes.  The  amount  of 
dilution  of  the  urine  which  is  necessary  to  delay  the  formation  of  the 
ring  for  this  length  of  time  is  wliat  has  to  be  determined.  To  do 
tlus,  proceed  as  follows  :  Dilute  a  portion  of  the  unnc  (say  5  c.c.)  ten 
times — that  is,  add  to  it  nine  times  its  volume  of  distilled  water 
from  a  burette.  Place  some  pure  nitric  acid  in  a  test-tube  with  a 
pipette,  taking  care  not  to  wet  the  sides  of  the  test-tube  with  the 
acid.  Now  run  on  to  the  surface  of  the  nitric  acid  some  of  the 
diluted  urine.  Hold  the  test-tube  up  against  the  Hght  from  a  window. 
Between  the  test-tube  and  the  window  hold  obh()ucly  a  dull  black 
surface  a  few  inches  from  the  test-tube,  moving  it  up  and  down  a 
little  below  the  junction  of  the  urine  and  acid.  Note  the  interval 
that  elapses  before  formation  of  the  white  ring.  If  it  is  more  tlian 
three  mmutes*  the  diluted  urine  contains  less  tlian  i  piirt  in  30,000, 
and  the  undiluted  urine  less  than  i  part  in  j,ixx)  (i.e.,  less  than  0*033 
percent.)  of  coagulablL*  protcid,  and  the  experiment  must  be  repeated 
with  urine  diluted  to  a  smaller  exent.  It  the  ring  appears  after  a 
shorter  interval  than  three  minutes,  the  diluted  urine  contiiins  more 
than  I  part  in  30,000  (the  original  urine  more  than  0*013  l^*"  cent.) 
and  must  be  further  diluted.  Fill  a  burette  with  the  diluted  urine. 
Run  I  c.c.  of  it  into  a  test-tube  and  add  9  c.c.  of  distilled  water. 
Repeat  the  test  with  this  second  dilution.  If  the  ring  appears  at  a 
longer  interval  than  tluree  mmutcs,  the  twice -<lilutcd  urine  contains 
less  than  1  part  of  albumin  in  3u,cxx».  and  the  original  undiluted 
urine  less  than  i  part  in  300 — i.tf,,  less  than  0*33  j>er  cent.  So  far, 
then,  we  liavc  found,  let  us  suppose,  that  the  proportion  of  albumin 
in  the  original  urine  lies  between  0*033  and  0*33  per  cent.  Now  run 
I  cc.  of  the  urine  of  the  first  dilution  (the  urine  diluted  ten  times) 
intoa  test-tube,  and  add  4  c.c.  of  distilled  water— i.f..  dilute  again  five 
times.     If  this  gives  the  white  ring  in  Heller's  test  in  three  minutes, 

the  original  urine  will  contain  1  part  of  albumin  in  ^  *       — i.tf.,  in 

10x5 

600  parts,  or  o*i6  per  cent.     If  the  interval  is  longer  or  shorter  than 

three  minutes,  the  urine  of  the  first  dilution  ( 1  to  10)  must  be  diluted 

less  or  more  than  five  times  until  the  interval  amounts  to  about 

three  minutes.     The  total  dilution  corresponding  to  a  percentage  of 

0*0033  ^^  albumin  is  thus  known,  and  the  percentage  in  the  undiluted 

urine  can  be  easily  calculated. 

13.  Sugar — (i)  Qualitative  Ttsts — (a)  Tromm0f*s  Test  {sec  p.  7). — 
It  is  to  be  remarked  tliat  some  substances  present  in  bmall  amount 
in  normal  urine  reduce  cupric  sulphate — e.g..  uric  acid  (present  as 
urates)  and  krcatinin — but  although  a  normal  urine  may  thus  de- 
colourize the  copi»r  solution,  it  rarely  causes  so  much  reduction  that 
a  vellow  or  red  t>recipitate  is  formed,  as  is  the  case  in  diabetic  urine. 
Gfycuronic  acia,  which  may  occur  even  in  normal  urine  in  very 
slight  traces  (p.  388),  also  reduces  cupric  salts,  as  dues  alcapton  or 
homogentisinic  acid,  a  substance  found  in  rare  cases  in  dise;ise 
(p.  389},  If  less  tliau  o'5  per  cent,  of  sugar  is  present  in  the  urine, 
no  precipitate  of  cuprous  oxide  will  be  formed  till  the  urine  is  cooled. 
The  test  may  also  be  performed  with  Fchling's  .solution. 

(6)  Pkenyi-hydraxine  Test. — This  test  depends  upon  the  fact  tliat 
phieny  I -hydrazine  forms  with  sugars  such  as  glucf>sc  (dextrose), 
maltose,  isomaltosc,  etc.,  but  not  with  cane-sugar,  characteristic 
crystalline  substances  (phenyl-glucosazone,  phenyl-nuUtosazone.  etc.) 
w^ch  can  be  recognised  under  the  microscope,  and  are  distinguished 
from  each  other  by  melting  at  diSerent  temperatures.      Phenyl- 
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glucosazone  (CihHi^.N,OJ  melts  at  205**  C.  To  perform  the  test  for 
dextrose  in  the  urine,  proceed  thus:  Put  5  ex.  of  urine  in  a  test- 
tube,  add  1  decigramme  of  hydrochlorate  ol  phenyl-hydrazine  and 
>  decigrammes  oi  sodium  acetate.  It  is  sufficiently  accurate  to  add 
as  much  phenyl-hydrazine  as  will  lie  on  a  sixpence  (or  a  dime)  and 
twice  as  much  sodium  acetate.  Meat  the  test-tube  in  a  boilinp  water- 
bath  f«r  half  an  hour.  Then  cool  at  the  tap  and  examine  the  deposit 
under  the  microscopic  for  the  yellow  phenyl-glucosazone  crystals 
(Fig.  160).  Sometimes  the  osazone  precipitate  is  amorphous.  Lest 
this  should  be  the  case,  the  precipitate,  if  no  crystals  can  be  seen, 
must  be  dissolved  in  hot  alcohol.  The  solution  is  then  diluted 
with  water  and  the  alcohol  boiled  off,  when  the  osazone.  if  any  be 
present,  v^ill  crystallize  out.     Very  minute  traces  of  sugar  can  be 

detected  in  this  way  (as  little  as 
o'l  per  cent,  in  urine).  Often 
in  normal  urine  yellow  crystals 
are  deposited  during  the  first 
hfteeu  minules*  heating.  They 
must  not  be  mist^tken  for  gluco- 
sazone.  They  probably  consist 
of  a  compound  of  glycuronic  acid 
and  phenyl-hydrazine.  They  are 
clmnged  as  the  heating  goes  on  into 
an  amorphous  brownish  -  yellow 
precipitate  (Abel). 

{c)  The  Yeast  Test  is  an  impor- 
tant confirmatory  test  for  dis- 
tinguishing the  fermentable  sugars 
from  other  reducing  substances, 
but  it  is  not  very  dehcatc,  and 
will  with  difliculty  detect  sugar 
when  less  than  o"5  per  cent,  is 
present.  It  can  be  i>crfonned 
thus  :  A  little  yeast  (the  tablets 
of  compressed  yeast  (\o  ver>'  well) 
is  added  to  a  test-tube  half  filled 
with  urine.  The  test-tube  is  then 
filled  up  with  mercury,  closed  with 
the  thumb,  and  inverted  over  a 
dish  containing  mercury.  The 
dish  may  be  placed  on  the  top  of 
a  water-bath  whose  temperature 
is  about  40°  C.  After  twentj'- 
four  hours  the  sugar  Mill  have  been  broken  up  into  alcohol  and 
carbon  dioxide.  The  latter  will  have  collected  above  the  mercury 
in  the  test-tube,  and  the  former  will  be  present  in  the  urine.  The 
tests  for  sugar  will  either  be  negative  or  will  be  less  distinct  than 
before.  .\  control  test-tube  containing  water  and  yeast  should  also 
be  set  up,  as  impurities  in  the  yeast  sometimes  yield  a  small  amount 
of  carbon  dioxide.  Specially  constructed  tubes  are  also  often  used 
for  periorming  the  test. 

(2)  Quantitative  Estimation  of  Sugar  in  Urine. — {a)  Vo/umetticaity, 
the  sugar  can  be  estimated  by  titration  with  Fchhng's  solution.  As 
this  does  not  keep  well,  two  .solutions  containing  its  ingredients 
should  l>e  kept  separately  and  mixed  when  re<|UTred.  Solution  I,  : 
Dissolve  34*64  grammes  pure  cupric  sulphate  in  distilled  water»  and 
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Fig.  i6a. — PHBNVL-GLUCosAroNE  and 
Phenyl-ualtosa^one  Crystals  -1 

(MACLEOD). 

Thp  phonyl-gUicfwaxonc  crystals  are 
ii)  the  uppcT  part  of  the  figure,  the 
phenyhmaltosAZODe  ih  the  lower. 
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make  up  the  v<»lume  to  500  ex.  Solution  II.  :  Dissolve  173  grammes 
Kochelle  salt  in  4011  c.c.  of  water,  add  to  this  51*6  grammes  sodium 
hydrate,  and  make  up  the  volume  with  water  to  500  c.c.  Keep  in 
well-stoppered  bottles  in  the  dark.  For  use,  mix  together  equal 
volumes  of  the  two  solutions.  Ten  c.c.  of  this  mixture  is  reduced  by 
0*05  gramme  dextrose.  To  estimate  the  sugar  in  urine,  put  10  c.c. 
of  the  mixture  into  a  porcelain  capsule  or  glass  flask,  and  dilute  it 
four  or  live  times  with  distilled  water.  Dilute  some  of  the  urine, 
say  ten  or  twenty  times,  according  to  the  quantity  of  sugar  indicated 
by  a  rough  determination.  Run  the  diluted  urine  from  a  burette 
into  the  Fehling's  solution,  bringing  it  to  the  boil  each  time  urine  is 
added,  until,  on  allowing  the  precipitate  to  settle,  the  blue  colour 
is  seen  to  have  entirely  disappeared  from  the  supernatant  liquid. 
The  observation  of  the  colour  must  be  made  while  the  liquid  is  still 
hot. 

Suppose  that  10  c.c.  of  Fehling's  solution  is  decolourized  by  20  c.c. 
of  the  ten-times  diluted  urine.  Then  2  c.c.  of  the  original  urine 
contains  o'5  gramme  dextrose.  If  the  urine  of  the  twenty-four  hours 
(from  which  this  sample  is  assumed  to  have  been  taken)  amounts  to 
4,000  c.c,  the  patient  will  have  passed  0*05  x  j. 000=  100  grammes 
sugar,  in  twenty-four  hours. 

{b)  The  polarimcUr  affords  a  rapid  and.  with  practice,  a  delicate 
means  of  estimating  the  quantity  of  sugar  in  pure  and  colourless 
solutions,  but  diabetic  urine  must  in  general  be  hrst  decolourized  by 
adding  lead  acetate  and  filtering  ot!  the  precipitate.  What  is 
measured  is  the  amount  by  wluch  the  plane  of  polarization  of  a  ray 
of  polarized  hght  of  given  wave-length  (say  sodium  bght)  is  rotAted 
when  it  passes  through  a  layer  of  the  urine  or  other  optically  active 
solution  of  known  thickness.  Let  a  be  the  observed  angle  of  rota- 
tion, /  the  length  in  decimetres  of  the  tube  containing  the  solution. 
w  the  number  of  grammes  of  the  optically  active  substance  per  c.c.  of 
solution,  and  (a),  the  specific  rotation  of  the  substance  for  light  of 
the  wave-length  of  the  part  of  the  spectrum  corresponding  to  the 
D  line  (i.ff..  the  amount  of  rotation  expressed  in  degrees  which  is 
produced  by  a  layer  of  the  substance  i  decimetre  thick,  when  Uie 

solution  contains  i  gramme  of  it  per  c.c.).      Then  (a),=  ±^-.     In 

this  equation  a  and  /  are  known  from  direct  measurement  ;  (a), 
has  been  determined  once  for  all  for  most  of  the  important  active 
substances,  and  therefore  w  is  easily  calculated.  For  dextrose  (a)» 
may  be  taken  as  52■6^  It  varies  somewhat  with  the  concentration, 
but  for  most  investigations  on  the  urine  these  variations  may  be 
neglected. 

It  is  not  possible  to  describe  here  the  numerous  forms  of  polari- 
meter  that  arc  in  use.  Among  the  best  arc  those  constructed  on  wliat 
is  called  the  *  half-shadow  '  system  (Fig.  161).  A  half-shadow  polari- 
meter  consists,  like  other  polarimeters.  of  a  fixed  Nicol's  prism  (the 
polarizer),  and  a  nicol  capable  of  rotation  (the  analyzer).  In  addition^ 
there  is  an  arrangement  which  rotates  by  a  definite  angle  the  plane 
of  polarization  in  one-half  of  the  field,  but  not  in  the  other — e.g.,  a 
small  nicol  occupying  only  luilf  of  the  field.  In  the  zero  position  of 
the  analyzer,  both  halves  of  the  field  are  equally  dark.  The  solution 
to  be  investigated  is  placed  in  a  tube  of  known  length,  the  ends  of 
which  are  closed  by  glass  discs  secured  by  brass  screw  caps.  The 
glass  discs  must  be  slid  on.  so  as  to  exclude  all  air.  The  tube  having 
been   introduced   between   the^-polarizer  andj  analyzer,   the  sharp 
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vertical  line  which  indicates  the  division  between  the  two  half-field! 
is  focussed  with  the  eye-piece,  and  then  the  analyzer  is  rotated  till 
the  two  halves  are  again  equally  shadowed.  The  angle  of  rota- 
tion, a,  is  read  off  on  the  graduated  arc»  which  is  provided  with  a 
vernier. 

Pentoses  reduce  Fchlinp's  solution,  but  do  not  give  the  yeast  test. 
They  give  the  foUowinR  characteristic  tests,  which  may  be  performed 
with  gum  arable,  which  contains  arabinose,  one  of  the  pentoses: 

(i)  P/iiorogiuciti  Reaction. — Warm  in  a  lesl-tube  some  pure  con- 
centrated hydrochloric  acid  to  which  an  equal  volume  ol  distilled 
water  lias  been  added.     Add  phloroglucm  until  a  httlc  remains  iin- 


FlG.     Il'l. — MiTSCHFRLlCU'S    rOLARIUETER. 

(HaU-Sbadow    InstnimeDt.)      (Simple    Form.) 


dissolved.  Add  a  small  quantity  of  gum  arabic,  and  keep  the  test- 
tube  in  a  water-bath  at  lOO*  C.  The  solution  becomes  cherry-rod, 
and  a  precipitate  gradually  separates,  which  may  be  dissolved  in 
amyl  alcohol.  The  solution  shows  with  the  spectroscope  a  band 
between  D  and  E. 

(2)  Orcin  Reaction. — Use  orcin  instead  of  phloroglucin  in  (i). 
The  solution  becomes  reddish  blue  on  warming,  and  shows  a  band 
between  C  and  D,  near  D.  The  colour  quickly  changes  from  violet 
to  blue,  red  and  finally  green.  A  bluish-grccn  precipitate  separates, 
which  is  soluble  in  amyl-alcohol.  Glycuronic  acid  gives  all  the  above 
reactions  of  pentoses. 

Rile  Sails — {Hay's  Test). — Put  a  httlc  finely-divided  sulphur,  in 
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the  form  of  flowers  of  sulphur,  on  the  top  of  a  glass  oi  urine.  If  bile- 
salts  are  present  the  sulphur  will  sink  to  the  bottom.  If  there  are 
no  bile-salts  it  will  float  on  the  top.  The  difference  is  due  to  an  altera- 
tion in  the  surface  tension  of  the  urine  produced  by  the  bile-salts. 
We  must  exclude  the  j)resencc  of  acetic  acid,  alcohol,  ether,  chloro- 
form, turpentine,  benzine  and  its  derivatives,  phenol  and  it.s  deriva- 
tives, aniiin  and  soaps,  all  of  which  also  cause  such  an  alteration  in 
tlic  surface  tension  of  urinij  that  the  sulphur  sinlu>  to  the  bottom. 
The  urine  should  be  fresh,  and  if  it  has  to  be  kept,  it  should  be  pre- 
served from  dccomiJositiou  by  cyanide  of  mercury,  which  does  not 
alter  the  surface  tension.  The  re.iction  lias  the'  great  advantage 
over  other  tests  of  being  easily  carried  out  at  the  bedside. 

Acetone. — Put  250  to  500  c.c.  of  the  urine  suspected  to  contain 
acetone  into  a  litre  flask.  Add  a  few  c.c.  of  phosphoric  acid  ;  connect 
the  flask  with  a  worm  (see  Fig.  1  59.  p.  425),  and  distil  over  the  urine 
into  a  small  flask.  For  qualitative  teats  it  Ls  best  to  collect  only  the 
first  20  to  30  c.c,  as  most  of  the  acetone  is  contained  in  this.  Test 
the  distillate  for  acetone  by 

Lichen's  Test, — To  a  few  c.c.  of  the  distillate  in  a  test-tube  add  a  few 
drops  of  solution  of  iodine  in  poUissium  iodide  and  then  sodium  or 
potassium  hydrate.  A  precipiUite  of  yellow  iodoform  crystals  (six- 
sided  tables)  is  tlirown  down  if  acetone  Iw  present.  Examine  them 
under  the  microscoix:.  If  the  precipitate  is  amorphous  it  may  be 
dissolved  in  ether  (free  from  alcohol),  which  is  allowed  to  evaporate 
on  a  slide,  when  crystals  may  bo  obtained. 

Determination  of  the  Freezing-point  of  Urine. — Study  Beckmann's 
apparatus  shown  in  Fig.  133,  p.  353.  Note  the  large  thermometer  D 
graduated  in  hundredtlis  of  a  degree  centigrade.  It  is  inserted 
through  a  rubber  cork  into  the  inner  thick  test-tut)e  A.  A  platinum 
wire  F,  bent  at  the  lower  end  into  a  circle  or  a  spir.il,  which  glasses 
easily  up  and  down  between  the  bulb  of  the  thermometer  and  the 
tube,  serves  to  stir  the  urine.  The  thermometer  must  be  so  supported 
by  the  rul>ber  cork  tliat  the  bulb  is  in  the  axis  of  the  tube  and  a 
centimetre  or  two  from  the  bottom  of  it.  The  side-piece  E,  on  the 
tube  A  is  not  absolutely  necessary,  but  it  is  convenient  for  '  inocu- 
lating '  the  urine  with  a  cr\'stal  of  ice  at  the  proper  time.  A  passes 
through  a  rubl>er  cork  into  a  shorter  and  wider  outer  glass  tube  B. 
The  space  between  A  and  B  serves  as  a  badly  conducting  mantle, 
which  prevents  too  rapid  cooling  of  the  contents  of  A.  B  passes 
through  a  hole  in  the  metal  or  wooden  cover  of  a  strong  glass  jar  C, 
which  contains  the  freezing  mixture.  B  should  fit  the  hole  so  tightly 
that  it  does  not  Ixib  up  out  of  the  mixture  when  A  is  removed.  In 
C  is  a  stirrer,  G,  of  strouR  copper  wire,  the  end  of  which  passes  through 
the  Ud.    This  serves  to  stir  up  the  freezing  mixture  from  time  to  time. 

Pidverize  some  ice  by  pounding  it  in  a  strong  wooden  box  with 
a  hcav>*  niece  of  wood.  '  Take  the  inner  tube  with  the  thermometer 
out  of  the  apparatus.  It  is  convenient  to  take  the  thermometer 
out  of  the  tube,  and  to  h^ing  it  up  carefully  on  a  stand  by  means  of 
a  fine  flexible  copjxrr  wire  passing  through  the  eye.  The  rubber  cork 
can  be  taken  out  with  the  thermometer,  and  the  pLUinum  wire  also, 
the  bent  free  eml  of  the  latter  supix>rting  it  in  the  cork,  or  it  mav  be 
fastened  temporarily  to  the  tlicrmomcter  stem  by  a  small  rubber 
band,  which  is  slid  up  over  the  cork  when  the  thermometer  is  re- 
inserted. Tube  A  can  be  set  tcmi^»orarily  in  a  specially  hca\-y  icst- 
lubo  rack.  Remove  the  lid  of  C,  and  with  it  tube  B.  Now  put  ice 
and  salt  alternately  into  C  until  it  is  nc-arlv  full,  mixing  them  up  well. 
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Add  some  cold  water  from  the  tap  till  the  stirrer  G  can  move  frcelyj 
up  and  down  in  the  mixture.  For  very  exact  work  the  temperature 
of  the  freezing  mixture  must  not  be  more  than  a  few  degrees  below 
the  frcezing-poinl  of  the  liquid  wliich  is  being  examined.  Put  on  the 
lid,  and  immerse  tube  H.  into  A,  which  must  be  |x:rfectly  clean, 
put  enough  pure  distilled  water  to  fully  cover  the  bulb  of  the  thermo- 
meter, and  introduce  the  latter.  For  ordinary  purposes  distilled 
water  previously  boiled  to  expel  the  carbon  dioxide,  and  then  cooled 
in  a  stoppered  flask,  is  sufficiently  pure.  Immerse  A  directly 
in  the  freezing  mixture  through  the  hole  by  which  G  comes  out,  or 
through  a  separate  hole  (not  shown  in  the  figure)  till  some  ice  has 
formed  in  the  water.  Take  A  out  of  the  mixture,  wipe  it  with  a  cloth, 
and  hoUl  the  lower  part  nf  it  in  the  hand  till  nearly  the  whole  of  the 
ice  has  melted.  If  there  is  a  cake  of  ice  at  the  bottom,  see  that  it  ift, 
displaced  by  the  platinum  stirrer.  A  trace  of  ice  being  still  left 
floating  in  the  water,  place  A  in  B.  and  allow  the  temperature  to  fall 
to  a  few  tenths  of  a  degree  below  the  freezing-point  you  cxj^ct  to 
get,  as  determined  by  a  previous  rough  cxjjcrimcnt.  The  freezing- 
mixture  is  stirred  up  occasionally.  The  meniscus  of  the  thermometer 
is  to  be  carefully  followed,  as  it  goes  on  fallings  by  means  of  a  weak 
hand  lens.  Now  stir  the  water  in  A  briskly.  Suddenly  it  will  bo 
seen  that  the  mercury  begins  to  rise.  Keep  stirring  with  the 
platinum  wire,  and  read  off  the  maximum  height  of  the  mercury, 
at  which  it  is  stationary  for  some  lime.  The  temperature  can  be 
estimated  between  the  graduations  to  thousandths  of  a  degree. 
Take  out  A.  and  observe  the  fine  ice  cr\'stals  in  the  water.  Heat 
A  in  the  hand  as  before  till  nearly  all  the  ice  has  disapjx^ared  ;  then 
replace  A  in  R,  and  make  another  freezing-point  determination.  A 
third  one  may  also  be  made,  and  the  mean  of  the  three  readings  taken. 

Take  out  the  thermometer,  and  dry  it  and  the  platinum  wire  with 
clean  filter-paper,  or  dip  them  in  some  of  the  urine,  wliich  is  tlicn 
throu-n  away.  Dry  A  or  rinse  it  with  urine.  Then  make  a  deter- 
mination of  the  freezing-point  of  the  urine  in  the  same  way  as  was 
done  with  the  water.  Tlie  freezing-point  of  the  urine  will  lie  much 
lower  on  the  scale. 

Instead  of  freezing  the  liquid  first  and  then  leaving  a  httle  ice  in  it 
when  A  is  placed  in  B,  A  may  be  put  into  B  before  any  ice  has  formed- 
Coohng  is  then  allowed  to  go  on  with  gentle  stirring  to  a  few  tentlis 
of  a  degree  below  the  anticipated  freezing-point.  A  small  crj-stal  of 
clean  dry  ice  is  then  introduced  through  the  side-piece  on  a  clean 
splinter  of  wood  or  the  loop  of  a  cooled  platinum  wire,  the  end  of 
wliich  passes  tlurough  a  piece  of  cork,  by  which  it  is  held  to  prevent 
conduction  of  heat.  The  platinum  stirrer  can  be  raised  to  receive 
the  crystal.  The  liquid  is  now  vigorously  stirred  ;  freezing  occurs, 
and  the  observation  is  made  as  before. 

Instead  of  the  above  method,  the  liquid  may  first  be  cooled  directly 
in  the  freezing-mixture,  but  not  so  much  that  ice  forms.  A  is  then 
put  in  R.  and  cooUng  allowed  to  go  on  while  it  is  being  stirred. 
When  it  has  been  undcrcooled  to  a  certain  extent — i.e.,  cooled  below 
its  frcezing-iwint — the  xagour  of  the  stirring  is  increased.  Ice  forma, 
suddenly,  as  before,  and  the  temperature  nses  to  the  freezing-point. 
With  urine  this  method  is  suificicntly  satisfactory,  but  it  is  not 
usually  easy  to  get  freezing  of  the  distilled  water  till  the  under- 
cooling is  considerable,  and  it  has  been  shown  that  this  intrmlucea 
some  error. 

Suppose  the  freezing-point  of  the  distilled  water  on  the  scale 
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the  thermometer  was  5*245*'  and  that  of  the  uriae  y62$^,  the  valuo 
of  ^  for  the  urine  i»  fftzo^. 

In  tlie  same  way  the  freezing-point  of  blood-scrum  (or  blood),  bile, 
aiid  other  phy^iolopiciil  liquids  can  be  determined. 

Systematic  Examination  of  Urine. — In  examining  urine,  it  is  con- 
venient to  adopt  a  regular  pUn.  so  as  to  avoid  the  risk  of  overlooking 
anything  of  importance.  The  following  simple  scheme  may  serve  as 
an  example  ;  but  no  routine  should  be  slavishly  followed,  the  object 
being  to  get  at  the  important  facts  \vith  the  minimum  of  labour  : 

1.  Anythmg  peculiar  in  colour  or  smell  ?  If  the  colour  suggests 
blood,  examine  with  spectroscope,  ha:min  test,  guaiacum  test  (pp.  56, 
58,  60);  if  it  suggests  bdc,  test  for  bilc-pigmcnts  by  <>meUn's  test 
(P-  570),  and  for  bile-salts  by  Pettenkofcr's  test  (p.  378)  and  by  Hay's 
test  (p.  432). 

2.  Reaction. 

3.  Sediment  or  not  ?  Sediment  may  be  procured  by  letting  the 
urine  stand  in  a  conical  glass,  or  in  a  few  minutes  by  the  centrifuge. 
If  the  appearance  of  the  sediment  suggests  an>'tliing  more  than  a 
little  mucus,  examine  with  the  microscoiw.  The  sediment  may 
contain  organized  or  unorganizecl  deposits. 

Organized  Sediments. — {a)  Red  bloo<l -corpuscles  (considerably 
altered  if  thvy  have  come  from  the  upper  part  of  the  urinary  tract). 

(6)  Leucocytes.  A  few  arc  present  in  health.  A  large  number 
indicates  pus.  When  pus  is  present  the  sediment  may  be  white  to 
the  naked  eye. 

[c)  Kpithclium  from  tlic  bladder,  ureters,  ]>clvis  of  the  kidney  or  the 
renal  tubules.  A  few  squamous  epithcUal  cells  from  the  urethra  are 
always  present  in  normal  urine. 

{d)  Tube  casts. 

{e)  Spermatozoa  (occasional). 

(/)  Bacteria. 

{g)  Parasites  (rare). 

(A)  Portions  of  tumours  (rare). 


Unorganized  Sediments. 


IN    ACIb    URINE. 

Unc  Acid. — Crystals  coloured 
brownish  yellow  with  urinary 
pigment.  Various  shajics,  espe- 
cially nval  •  whetstones.'  rhom- 
bic tables,  and  elongated  cr>'s- 
tals,  often  in  bundles  (Fig.  140). 

Urates.  -Usually  amorphous, 
in  tlic  form  of  fine  granules, 
often  tinged  with  urinary  pig- 
ment, sometimes  brick-red. 
Soluble  on  heating.  On  addition 
of  acids  (including  acetic  acid) 
they  dtssolvc  and  uric  acid 
crystals  appear  in  t\\c'\r  place. 
.Acid  urate  of  sodium  and  of 
ammonium  occasionally  found 
in  the  crystalline  form  (rosettes 
of  needles). 

Calcium  Oxalate, — Octalivdral. 


IN    ALKALINE    URINE. 

TrtpUl  PUosphatf,  —  Clear, 
wjlourlcss,  coflin-lid  or  knife-rest 
crystals.  Also  deposited  in  the 
form  of  feathery  stars  (Fig.  142). 

Calcium  Hydrogen  Phosphate 
('stellar*  phosphate).  CaHPO,. 
— Crystals  often  wedgc-shajH.*d 
and  arranged  in  rosettes.  May 
also  occur  in  a  dumb-bcU  form. 
(A  phosphate  of  calcium  is  also 
occasionally  seen  in  weakly  acid 
urine.)     (Fig.  144,  p- 385-) 

Calcium  Phos(>hate,  Ca^fPO^)^ 
—Amorphous. 

Magnesium  Phoshhate. — Long 
rhombic  tabh'ts,  which  arc  dis- 
solved at  the  edges  by  ammo- 
nium carNjnate  solution,  unlike 
triple  ptiosph-ite.  All  the  above 
25—2 
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Unorganized  Sediments  {continued). 


IN    ACll)    UKINE. 

'envelope'  crystals,  not 
coloured.  Insoluble  in  mcctic 
acid.  Sohihle  in  hydrochloric 
acid  (Fig.  141*  V-  3^4)- 

Cystin. — H  exagonal  plates. 
Rare  (Fig.  143.  p.  385). 

Leucin  and  Tyrosin  (Figs. 
14Q.  150.  p.  396). — Rare.  Also 
(niind  in  alkaline  urine,  but  rarely. 

I'ri^fe  phosphate. — Sometimes 
found  in  vvcaklv  acid  urine. 


IN    ALKALINE    UKINE. 

are  soluble  in  acetic  acid  without 
effervescence. 

Calcium  Carbonate.  —  Small 
spherical  or  dumb-bell -shaped 
bodies  soluble  in  acetic  acid  with 
effervesce  nee. 

Atnmoniuni  Urate.  —  Dark 
balls,  often  covered  with  spines. 
Soluble  in  acetic  or  hydrochloric 
acid,  with  formation  ol  uric  acid 
crystals  (Fig.  US- P- 3^5)- 


4.  Specific  gravity. 

5.  Quantity  of  urine  in  twenty-four  hours.  If  the  quantity  is 
abnormally  large  and  thcsiiecirtc  gravity  high,  test  for  sugar. 

6.  Inorganic  constituents  not  generally  of  clinical  importance,  but 
in  si>ecial  diseases  they  should  be  examined — e.g.^  chlorides  in 
pneumonia. 

7.  Normal  organic  constituents.  Sometimes  quantitative  estima- 
tion of  urea  or  total  nitrogen  in  fever,  and  in  diabetes  and  Bright's 
disease. 

8.  Chemical  examination  for  abnormal  organic  constituents, 
especially  albumin  and  sugar. 

Albumin. — ( 1 )  Heat  some  of  the  urine  in  a  test-tube  to  boiling.  A 
precipitate  ins<jlublc  on  addition  of  a  few  drops  of  acetic  acid  consists 
of  coagulable  proteid.  A  precipitate  soluble  in  acetic  acid  consists 
of  earthy  phospliates. 

(2I  Heller's  test.  Put  some  strong  nitric  acid  in  a  test-tube  and 
run  on  to  it  some  urine.     A  white  ring  indicates  proteid. 

A  quantitative  estimation  may  be  made  by  the  method  of  Roberts 
and  Stolnikow  (p.  428). 

Sugar. — (i)  Trommer's  test.  (Fchling's  solution  may  be  used.) 
If  the  result  is  indecisive  • 

(2)  Phenyl -hydrazine  test  (p.  429). 

(3)  In  case  of  doubt  confirm  by  yeast  test, 

A  quantitative  estimation  may  be  made  with  Fcliling's  solution  or 
the  polarimeter. 


CHAPTER  Vn 


METABOLISM,  NUTRITION  AND  DIETETICS 

We  return  now  to  the  products  of  digestion  as  they  are  absorbed 
from  the  alimentary  canal,  and,  still  assuming  a  typical  diet 
containing  proteids,  carbo-hydrates  and  fats,  we  have  to  ask, 
VVIiat  is  the  fate  of  each  of  these  classes  of  proximate  principles 
in  the  Ixxly  ?  what  does  each  contribute  to  the  ensemble  of  vital 
activity  ?  It  will  be  best,  first  of  all,  to  give  to  these  questions 
what  roughly  qualitative  answer  is  possible,  then  to  look  at 
metabolism  in  its  quantitative  relations,  and  lastly  to  focus 
our  information  upon  some  of  the  practical  problems  of 
dietetics. 

I.  Metabolism  of  Protcids.— The  two  chief  protcids  of  the 
blood-plasma,  senim-globulin  and  serum-albumin,  must,  as  has 
been  already  pointed  out,  be  recruited  from  proteids  absorbed 
from  the  intestine  and  for  the  most  part  altered  in  their  passage 
through  the  epithelium  which  lines  it.  What  at  bottom  the 
reason  and  the  mechanism  of  this  alteration  are,  we  do  not  know  ; 
but  we  do  know  that  it  is  imperative  that  j^nrptone,  and  par- 
ticularly albumose,  should  not  appear  in  quantity  in  the  blood, 
for  when  injected  they  cause  profound  changes  in  that  liquid, 
one  expression  o(  which  is  the  loss  of  its  power  of  coagulation, 
and  are  rapidly  excreted  by  the  kidneys,  or  separated  out  into 
the  lymph.  It  is  not  definitely  known  whether  the  jieptones 
and  their  dccomj>osition  products  formed  in  digestion  yield, 
under  the  influence  of  the  epithelial  cells,  both  the  chief  pro- 
teids of  the  blood  in  the  proportions  in  which  they  exist  in  the 
plasma,  or  only  one  of  them,  which  is  afterwards  and  elsewhere 
partially  changed  into  the  other.  But  there  is  some  evidence 
that  serum-albumin  is  more  directly  related  to  the  proteids  of 
the  ftx>d  than  senmi-globulin.  And  it  is  said  that  during  starva- 
tion the  albumin  is  relatively  diminished,  and  the  globulin  rela- 
tively increased.  However  this  may  he,  it  cannot  be  doubted 
that  the  conversion  of  i>eptones,  directly,  or  indirectly  after 
further  decomposition  by  erepsin,  into  the  proteids  of  the  blood- 
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plasma  forms  tht^  first  recognisable  step  in  the  transformation 
ol  the  greater  [jart  ^jf  the  digested  proteids. 

Living  and  Dead  Proteids. — Ciirried  to  the  tissues,  the  scnim- 
protcids,  which  in  (irdia;irv  language  are  stiJl  to  be  regarded 
as  dead  material,  arc  built  up  into  the  Uvin^  protoplasm.  In 
this  form  they  sojourn  for  a  time  within  the  cells,  and  then 
they  become  dead  material  again.  The  nature  of  this  tremendous 
transformation  has.  nf  course,  been  the  subject  of  speculation, 
but  the  truth  is  that  we  do  not  understand  wherein  the  differ- 
ence t>etween  a  living  and  a  dead  cell,  between  a  living  and  a 
dead  particle  in  one  and  the  same  cell  really  consists.  All  wc  know 
is  that  now  and  again  a  living  proteid  ninlccule  in  the  whirl  of  flying 
atoms  which  we  call  a  muscle-Iibre,  or  ii  ^land-cell,  or  a  nerve-cell, 
falls  to  pieces.  Now  and  again  a  molecule  of  proteid,  hitherto  dead, 
coming  within  the  grasp  of  the  niftlccular  forces  of  the  Uving  sub- 
Stance,  IS  caught  up  by  it,  takes  on  its  peculiar  motions,  acquires 
its  special  powers,  and  is,  as  we  phrase  it,  made  alive.  It  is  not  any 
difference  in  the  kind  of  proteid  which  determines  whether  a  given 
molecule  shall  become  a  part  of  one  tissue  rather  than  of  another. 
For  it  is  from  the  scrum-albumin  and  serum-globulin  of  the  blood 
that  all  the  proteid  material  required  to  repair  the  WListe  of  the  body 
must  ultimately  be  derived  ;  and  a  particle  of  serum-iUbumin  may 
chance  to  take  its  place  in  a  liver-cell  and  help  to  form  bile,  while 
an  exactly  similar  particle  may  become  a  constituent  of  an  endo- 
thelial scale  of  a  capillary  and  assist  in  forming  lymph,  or  of  a  mus- 
cular fibre  of  the  heart  and  help  to  drive  on  the  blood,  or  of  a  sperma- 
tozoon and  aid  in  transferring  the  peculiarities  of  the  father  to  the 
offspring.  Indeed,  although  there  are  differences  of  detail,  the  broad 
lines  of  nutrition  are  the  same  for  all  tissues  :  and  just  as  a  tomb  and 
a  lighthouse,  a  palace  and  a  church,  may  be.  and  have  been  built 
with  t!ie  same  kind  of  material,  or  even  in  succession  with  the  very 
same  stones,  so  every  organ  builds  up  its  own  characteristic  structure 
from  the  common  quarry  of  the  blood. 

It  does  not  scorn  to  be  any  difference  in  the  kind  of  proteid  taken 
up  by  them  which  determines  the  difference  in  structure  and  action 
between  one  organ  and  another.  Tn  the  case  of  the  more  highly 
developed  tissues  at  least,  no  more  change  of  food  will  radically  alter 
structure.  A  cell  may  be  fed  with  different  kinds  of  footl,  it  may  be 
over-fed,  it  may  be  ill-fed.  it  may  be  starved  ;  but  its  essential 
])ecuUarilies  remain  iis  Itmg  as  it  continues  to  live.  Its  organization 
dominates  its  nutrition  and  function. 

The  speculation  of  Pfliigcr,  that  the  nitrogen  of  living  proteid 
exists  in  the  form  of  cyanogen  radicals,  whilst  in  dead  proteid  it  is  in 
the  form  of  amides,  and  that  the  cause  of  the  characteristic  instability* 
of  the  living  substance — its  prodigious  power  of  dissociation  and 
reconstruction — is  the  great  intramolecular  movement  of  the  atoms 
of  the  cyanogen  radicals,  is  interesting  and  ingenious,  but  it  remains, 
and  is  likely  to  remain,  a  speculation.  And  the  same  is  true  ol  the 
suggestion  of  Loew  and  Bukorny.  that  the  endowments  of  living 
protoplasm  depend  on  the  presence  of  the  unstable  aldehyde  group 
H  — C  =  0.  Nor  do  the  known  differences  of  chemical  composition 
in  dead  organs  give  any  insight  into  the  peculiarities  of  organization 
and  function  wliich  mark  off  one  Uxnng  tissue  from  another.  For 
so  far  as  they  do  not  depend  upon  differences  in  the  dead  plasma 
which  interpcnctrateH  the  living  substance,  they  only  show  that  the 
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latter  cU>e5  not  split  up  quite  in  the  same  way  at  death  in  all  the 
tissues,  while  the  general  similarity  in  the  elementary  com|>osilion  of 
excitable  structures  leaves  us  free  to  imagine  as  great  or  as  small  a 
simil:irity  as  we  please  in  the  grouping  of  the  alonis  in  tlie  livnug 
combinations.  Be  this  as  il  may,  the  living  protcid  molecule, 
whatever  (uncli(m  it  may  ha^'e  been  fulfiUing  in  the  organized  ele- 
ments of  the  t)ody,  lias  certainly  a  much  greater  tendency  to  fall  to 
Cicces  than  the  dead  proteid  molecule.  And  it  falls  to  pieces  in  a 
lirly  definite  wuy,  the  ultimate  products,  under  the  influence  of 
oxygen,  being  cart>on  dioxide,  water,  and  comparatively  simple 
nitrogen-containing  substances,  which  after  further  changes  appear 
in  the  urine  ;is  ui'ca,  uric  acid,  and  ammonia.  We  have  no  definite 
information  as  to  the  production  of  water  from  the  hydrogen  of  the 
tissues,  except  what  can  be  theorelicallv  deduced  from  the  statistics 
of  nutrition  (p.  474).  A  few  words  will  be  said  a  little  farther  on 
about  the  production  of  carbon  dioxide  from  proteids  ;  we  have  now 
to  consider  the  scat  and  manner  of  formation  of  the  nitrogenous 
metabolites.  And  since  in  man  and  the  other  mammals  urea  contains 
by  far  the  greater  part  of  the  excreted  nitrogen,  it  will  be  well  to 
t  ikc  it  first. 

Formation  of  Urea, — The  starting-jHjint  of  all  inquiries  into 
the  formation  ol  urea  is  the  fact  that  it  occurs  in  the  blood  in 
small  amount  (4  to  6  parts  yev  10,000  in  man  ;  3  to  12  parts  per 
io,ixK)  in  the  dog),  the  largest  quantity  being  foimd  when  the 
food  contains  most  proteid,  and  at  the  height  uf  digestion. 
Evidently,  then,  some,  at  least,  of  the  urea  excreted  in  the  urine 
may  be  simply  sei>arated  by  the  kidney  from  the  blrx)d  ;  and 
analysis  shows  that  this  is  actually  the  case,  for  the  blood  of 
the  renal  vein  is  |>oorer  in  urea  than  that  of  the  renal  artery, 
containing  only  one-third  to  one-half  as  much.  If  we  knew  the 
exact  quantity  of  blood  I'assing  through  the  kidneys  of  an  animal 
in  twenty-four  hours,  and  the  average  difference  in  the  jx^rcentagc 
of  urea  in  the  blood  coming  to  and  leaving  them,  we  should  at 
once  be  able  to  decide  whether  the  whole  of  the  urea  in  the 
urine  reaches  the  kiiineys  ready  made,  or  whether  a  portion  of 
it  is  formed  by  the  renal  tissue.  Although  data  of  this  kind 
are  as  yet  inexact  and  incomplete,  it  is  not  difficult  to  see  that 
all,  or  most  of.  the  urea  may  be  simply  separated  by  the  kidney. 

If  we  take  the  weight  of  the  kidneys  of  a  dog  of  35  kilos  at 
\iyo  grammes  (.^{n^h  of  the  body-weiphl  is  the  mean  result  of  a  great 
number  of  oljscrvations  in  man),  and  the  average  quantity  of  blood 
in  them  at  rather  less  than  one-fourth  of  their  weight,  or  35  grammes, 
and  consider  that  this  quantity  of  blood  passes  through  them  in  the 
average  time  required  to  complete  the  circulation  from  renal  artery 
to  renal  vein,  or,  say.  ten  seconds,  we  get  about  300  kilos  of  blood  as 
the  flow  tlu*ough  the  kidneys  in  twenty-four  hours.  At  0*3  per  1,000, 
the  urea  in  ^00  kilos  of  blood  would  amount  to  cjo  grammes.  Now, 
Voit  found  that  a  dog  of  35  kilos  body-weight, on  the  minmium protcid 
diet  {450  to  500  grammes  of  lean  meat  jxir  day)  which  sufliccd  to 
mamtain  its  weight,  excreted  35  to  40  grammes  of  urea  in  the  twenty- 
four  hours.  U.  then,  the  renal  epithelium  separated  s<imewhat  less 
than  half  of  the  */:»  grammes  urea  offered  to  it  in  the  circuUting  blood, 
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the  whole  excretion  in  the  urine  conkl  beaccountt-d  (or,  and  the  blood 
of  tilt?  renal  vein  wnnM  still  c<^nt.iin  mnrn  than  half  is  much  urea  as 
that  of  the  renal  artery.  So  that  the  whulu  of  the  urea  in  the  urine 
may  be  simply  separalcd  by  the  liidncy  fnnii  the  tv.nly made  urea 
of  tlie  blood. 


Another  line  of  evidence  leads  to  the  same  conclusion  :  that 
the  kidney  is,  at  all  events,  not  an  important  seat  of  urea- 
formation.  When  both  renal  arteries  are  tied,  or  Ixith  kidneys 
extirpated,  in  a  dog.  urea  accumulates  in  the  blond  and  tissues  ; 
and,  ui>on  the  whole,  as  much  urea  is  formed  daring  the  first 
twentv-four  hours  of  the  short  period  of  life  which  remains  to 
the  animal  as  would  tmdcr  normal  circumstances  have  been 
excreted  in  the  urine. 

Whert\  ihen,  ts  urai  chiefly  formed?  Wc  should  nattually 
look  tirst  to  the  muscles,  which  contain  three-fourths  of  the 
proteids  of  the  body  ;  but  wc  should  look  there  in  vain  for 
any  great  store  of  urea — only  a  trace  is  normally  present.  The 
liver  contains  a  relatively  lar^e  amount,  and  there  is  very  strong 
evidence  that  it  is  the  manufactory  in  which  the  greater  part  of 
the  nitrogenous  relics  of  broken-down  proteids  reach  the  final 
stage  of  urea.     This  evidence  may  he  summed  up  as  fr>llows  : 

(I)  An  excised  '  surviving  '  liver  forms  urea  from  ammonium 
carbonate  mixed  with  the  blood  passed  through  its  vessels, 
while  no  urea  is  fonned  when  blot>d  containing  ammonium  car- 
bonate is  sent  through  the  kidney  or  througli  muscles.  Other 
salts  of  ammonium,  such  as  (lu:  lactate,  the  formate,  and  the 
carbamate,  undergo  a  like  transformation  in  the  liver.  It  is 
difficult,  in  the  light  of  this  experiment,  to  resist  the  conclusion 
that  the  increase  in  the  excretion  of  urea  in  man,  when  salts  of 
ammonia  are  taken  by  the  mouth,  is  due  to  a  similar  action  of 
the  hepatic  cells. 

{2)  if  blood  from  a  dog  killed  during  digestion  is  perfiised 
through  an  excised  liver,  some  urea  is  formed,  which  cannot 
V>e  sim])ly  washed  out  of  the  liver-cells,  because  when  the  blood 
of  a  fasting  animal  is  treated  in  the  same  way  there  is  no  apparent 
formation  of  urea  (v.  Schroeder).  This  suggests  that  during 
digestion  certain  substances  which  the  liver  is  capable  of  changing 
into  urea  enter  the  blood  in  such  amoimt  that  a  surplus  remains 
for  a  time  unaltered.  These  substances  may  come  directly  from 
the  intestine  ;  or  they  may  be  products  of  general  metabolism, 
which  is  increased  while  digestion  is  going  on  ;  or  they  may 
arise  both  in  the  intestine  and  in  the  tissues.  Leucin — which, 
as  we  have  seen,  is  constantly,  or,  at  least,  very  frequently, 
present  in  the  intestine  during  digestion — can  certainly  be 
changed  into  urea  in  the  body.  So  can  other  amino-acids  of 
the  fatty  series,  like  glycocoll  or  glycin,  and  asparaginic  acid, 
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uTicl  it  has  l>een  shown  by  perfusion  experiments  that  this  cliange 
takes  place  in  the  liver.  Further,  the  blood  of  the  portal  vein 
during  dif^estion  contains  several  times  as  much  ammonia  as  the 
arlcriiil  ftUxxl,  and  the  cxct^ss  disappears  in  the  liver. 

(j)  Uric  acid — which  in  birds  is  the  chief  end-[)i(iduct  of 
proteid  metabolism,  as  urea  is  in  mammals — is  f(>rmed  in  the 
goose  largely,  and  almost  exclusively,  in  the  liver.  This  has 
been  most  clearly  shown  by  the  experiments  of  Minkowski,  who 
took  advantage  of  the  commimication  l)etween  the  portal  and 
renal-i>ortaJ  veins  (|).  J14)  to  extirpate  the  liver  in  geese.  \Vlicn 
the  jHjrtal  is  ligatured  the  blood  from  the  alimentary  canal  can 
still  |>as3  by  the  roundal>out  road  of  the  kidney  to  the  inferior 
ca\'a,  and  the  animals  survive  for  six  to  twenty  hours.  While 
in  tlie  normal  goose  50  to  (>o  ]>er  cent,  of  the  total  nitrogen  is 
eliminated  as  uric  acid  in  the  urine,  and  only  9  to  18  per  cent, 
as  ammonia,  in  the  ojwirated  goose  uric  acid  represents  only 
3  to  6  i>er  cent,  of  the  total  nitrogen,  and  ammonia  50  to  60  per 
cent.  A  quantity  o(  lactic  acid  equivalent  to  the  ammonia 
appears  in  the  urine  of  the  operated  aninial,  none  at  all  in  the 
urine  of  the  normal  bird.  The  small  amount  of  urea  in  the 
normal  urine  of  the  goose  is  not  affected  by  extirpation  of  the 
liver.  And  while  urea,  when  injected  into  the  blood,  is  in  the 
normal  goose  excreted  as  uric  acid,  it  is  in  the  animal  that  has 
lost  its  liver  eliminated  in  the  urine  unchanged. 

(4)  After  removal  of  the  liver  in  frogs,  or  in  dogs  which  have 
survived  the  previous  connection  of  the  portal  vein  with  the 
inferior  vena  cava  by  an  Eck's  fistula  (p.  314),  the  quantity  of 
urea  excreted  is  markedly  diminished,  and  the  ammoniiun  salts 
m  the  urine  are  increased.  When  the  Eck's  fistula  is  established 
and  the  portal  vein  tied,  without  any  further  interference  with 
the  hepatic  circulation,  the  amount  of  urea  in  the  urine  is  not 
lessened  to  nearly  the  same  extent,  evidently  because  the  sub- 
stances from  which  urea  is  formed  still,  for  the  most  part,  gain 
access  to  the  liver  through  the  hepatic  artery  and  by  means  of 
the  back-flow  which  is  known  to  take  place  through  the  hepatic 
vein.  Yet  while  in  normal  dogs  the  pro|x)rtion  of  ammonia  to 
urea  in  the  urine  is  only  i  :  22  to  i  :  73,  in  dogs  with  Eck's 
fistula  it  rises  to  i  :  8  to  i  :  33.  If  the  animals  are  kept  on  a 
diet  poor  in  proteids,  no  symptoms  may  develop  for  a  considerable 
time.  But  if  much  proteid  is  given,  characteristic  symptoms, 
including  couN'ulsions,  always  appear.  These  may  be  produced 
by  the  saturation  of  the  organism  with  ammonia  com|»ounds, 
which  are  formed  from  the  proteids  as  in  the  nonnal  animal, 
but  which  the  liver,  with  its  circulation  crippled,  is  unable  to 
cope  with  and  to  completely  change  into  urea,  although  the 
statement  has  been  maide  that  when  ammonia  or  amm 
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salts  are  injected  into  the  blood  larger  quantities  must  be  present 
to  priKlucc  these  symptoiiis  lliaii  are  found  in  animals  with  the 
Eck's  fistula.  Although  the  portal  vein  carries  to  the  liver  a 
much  ^eater  su|jply  of  blood  than  the  hepatic  artery,  ligation 
of  the  latter  causes  a  greater  (Jiniiaulioii  in  the  ratio  of  the 
amount  of  urea  to  the  total  nilrof^cn  in  the  urine  than  ligation 
of  the  former.  This  indicates  that  a  .t;ood  supply  of  oxygen 
is  an  important  factor  in  the  formation  of  ureii  in  the.  liver 
(Doyon  and  Dufourt).  But  this  is  no  jiroof  that  the  process  by 
which  it  is  formed  is  an  oxidation.  The  work  of  the  liver,  like 
that  of  other  tissues,  is  no  doubt  deranged  by  lack  of  oxygen. 

(5)  In  acute  yellow  atrophy,  and  in  extensive  fatty  degenera- 
tion of  tlie  hver.  urea  may  almost  dis;ippear  from  the  urine, 
and  leiicin  and  tyrosin  may  ai>pear  in  it  along  with  a  much 
larger  amount  of  ammonia  than  norma].  The  leucin  and  tyrosin 
formed  tn  the  intestine  or  in  the  tissues  pass  unchanged  through 
the  degenerated  liver,  and  are  excreted  by  the  kidney. 

If  it  be  granted,  as  in  the  face  of  the  evidence  it  must,  that  the 
hver  plays  an  important  part  in  the  formation  of  urea,  we  have  stiU 
to  ask  what  the  materials  are  upon  wliich  it  works,  in  what  orgajis 
they  are  produced  before  being  brought  to  the  liver,  and  by  what  pro- 
cess they  arc  there  changed  into  urea.  To  the  last  question  it  may 
bo  at  once  rephcd  that  wc  know  but  little  of  the  process  by  which 
urea  is  formed  in  the  bodv.  In  the  laboratory  it  can  be  obtained  from 
proteid  cither  by  hydrolysis  or  by  oxidation.  We  have  already 
remarked  that  when  a  proteid  is  split  up  by  boiling  with  dilute  acid 
under  proper  conditions.  vcr>'  much  the  same  decomposition  products 
appear  as  in  tryptic  digestion  (p.  292).  One  of  these,  arginin 
(C„H„N,Oa)^  on  furlhtT  hydnOytic  cleavage  by  barium  hydrate, 
yields  urea  and  ornilhin  (dianiinu-v.ilenanic  acid),  half  of  the  nitrogen 
of  the  arginin  apiiearing  in  each.  The  amount  oi  arpnin,  and  there- 
fore the  amount  oi  urea  wjuch  can  be  artificially  obtained  in  this  way, 
varies  extremely  with  the  different  protcids  and  protamins  (p.  34). 
Thus,  salmin,  a  substance  prepared  from  the  milt  of  salmon,  yields 
84'^  |»r  cent,  nf  its  weight  of  arginin.  while  the  casein  of  cow's  milk 
yields  onlv  4'K  per  cent.,  and  gluten  fibrin,  one  of  the  protcids  of 
wheat,  only  3  ]>cr  cent.  Since  the  ortlinary  food  pruteias  are  poor 
in  arginin,  the  amount  of  urea  which  can  possibly  be  formed  in 
mamniaUaii  uielabiilism  by  this  process  cannot  l>e  large,  even  ii  most 
of  the  arginin.  as  seems  to  be  the  case  when  it  is  fed  to  an  animal, 
is  transformed  into  urea. 

Urea  has  also  been  artificially  obtained  from  proteid  by  oxidation 
with  an  ammoniacal  solution  of  permanganate  at  bcKly  temjx*ralure. 
When  the  proteid  is  first  split  into  its  cleavage  prmiucts  and  these  are 
then  oxidized,  a  very  large  amount  of  urea  is  produced — e.g,^  eis  much 
3  grammes  of  urea  from  10  prammes  of  glycin. 

While  these  facts  suggest  possible  ways  of  formation  of  urea  in  the 
body,  we  cannot  assume  that  what  tiappens  in  the  test-tube  must 
liappcn  in  the  tissues.  It  is  probable  that  the  greater  part  of  the 
urea,  at  any  rate,  docs  not  come  directly  from  proteid,  cither  by 
hydrolysis  or  by  oxidation,  but  that  much  of  it  arises  by  the  synthesis 
oi  decomposition  products  of  the  protcids  simpler  than  itself — \nr.. 
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such  ammonium  com|H>und5  as  have  bcvn  already  mentioned  us 
being  traiisiormcU  into  urct  when  circulated  thron^li  an  excised 
Uvcr  (p.  440).  Aramunia  in  llie  lorm  uf  carbonAle  or  carbamate  is 
constantly  found  in  the  bUxKl,  and  the  portal  blood  contains  normally 
three  to  five  times  as  much  ammonia  as  arterial  blood.  Granting 
that  a  portion  of  the  urea,  and  probably  a  large  portion,  is  formed 
from  such  ammonia  compounds,  wc  may  still  ask  where  these  com- 
pounds arise  and  what  their  immediate  precursors  are.  The  only 
reply  which  can  be  given  is  that  protcid  metabolism,  although  its 
final  stages  may  be  worked  out  in  the  hepatic  cells,  must  go  on  in  all 
the  organized  elements  of  cvcr>'  tissue.  The  living  substance 
everywhere  contains  protcid  ;  protcid  is  everywhere  and  at  all  times 
breaking  down.  In  the  muscles  especially  nitrogenous  substances 
on  the  road  to  urea  must  be  constantly  produced.  Can  we  lay  our 
finger  on  any  such  intermediate  substances  ?  Can  wc  with  certainty 
state  that  any  of  the  separate  links  of  the  chain  of  protcid  metabolism 
except  the  first  and  the  last,  have  actually  been  discovered,  identified, 
and  labelled  ?  The  answer  is  that  a  whole  scries  of  bodies  containing 
nitrogen,  simpler  than  protcids  and  with  a  greater  propfirtion  of 
oxygen,  more  complex  and  less  oxidized  tlian  urea,  has  been  found  in 
muscle  and  other  tissues  ;  but  we  cannot  say  definitely  that  any  or 
all  of  them,  although  they  are  undoubtedly  stages  in  the  downward 
course  of  worn-out  proleids,  have  arisen  the  one  from  the  other, 
or  must  nccessiirily  l>ass  mto  the  form  of  urea  before  being  finally 
excreted. 

Such  substances  arc  : 


In  the  pancreas,  liver,  blood, 
and  muscles. 

In  spleen,  hver,  muscles, 
thymus,  l>onc-marrow,  and 
urine. 

In  spleen,  liver,  muscles,  brain, 
[>ancreas,  thymus,  and  in  the 
urine. 

In  liver,  spleen,  lungs,  pan- 
creas, brain,  and  in  urine. 

In  muscles,  blood,  brain. 
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(juanin.  C;,H^fieP 

Sarkin.  or  hypoxantlun,  CJl^N^O 

Xanthin,  CftH,N40^ 

Uric  acid,  CAH4N40a 
Kreatin.  CiH^N^Oj 

The  increase  in  the  proportion  of  oxygen  from  guanin  to  uric  acid 
is  very  striking,  and  |>articularly  the  regular  series  formed  by  hN-po- 
xanthin,  xanthin  and  uric  acid.  Knt  while  there  is  good  evidence 
I  hat  the  first  three  bodies  in  the  list  can  be  converted  into  uric  acid, 
there  is  no  reason  to  believe  that  ihey  are  stages  on  the  way  to  urea. 
Kreatin  exists  in  the  body  in  greater  amount  thiin  any  of  these, 
muscle  containing  from  o'2  to  0*4  per  cent,  of  it  ;  and  the  total 
quantity  of  nitrogen  present  at  any  given  time  as  kreatin  is  not 
only  greater  than  that  of  the  nitrogen  present  in  urea,  but  greater 
than  the  whole  excretion  of  nitrogen  in  twenty-four  hours.  To 
kreatin.  then,  we  should  naturally  look  first,  among  all  these  nitro- 
genous metabolites,  in  our  search  for  a  forerunner  of  urea.  But 
there  is  a  difficulty  in  accepting  it  as  such,  for  although  in  the 
laboratory  kreatin  can  l>e  changed  into  krcatinin.  and  krcatinin  into 
urea,  there  is  no  proof  that  in  the  body  anything  more  than  the  first 
step  in  this  process  is  accompUshed.  When  lo-eatin  is  introduced 
into  the  intestine  or  injected  into  the  blotnl,  it  apjK'ars  in  the  urine, 
not  a^  urea,  but  an  kreatimn.     Uric  acid  is,  indeed,  very  closely 
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related  to  urea,  and  can  be  made  to  yieJd  it  by  oxidation  outside  the 
body.  Not  only  so,  but  it  is  excreted  as  urea  when  given  to  a 
mammal  by  the  mouth,  and  it  replaces  urea  as  the  great  end-product 
of  nitrogenous  mtt.ibolism  almost  wliolly  i'^  tlir  urine  of  birds  an  ~ 
reptiles,  and  parli.illy  in  the  human  snbjt-cl  in  knk.-rmiri.  Hut  nom 
of  these  things  can  be  admilterl  as  tvidcnLc  that  in  the  normal  met 
bolism  n(  mammals  uric  acid  lies  <in  the  direct  line  from  protei 
to  urea. 

Tlicn,  again,  the  amino-acids.  leucin.  glycin  and  asparaginic  acid, 
when  given  by  the  mouth,  increase  the  output  of  urea,  so  tliat  the 
leucin  formed  in  the  intestine  during  digestion  is  doubtless  a  pre- 
cursor of  a  small  portion  of  the  urea.  And  since  leucin  and  tyrosin 
are  very  widely  spread  in  the  solids  and  Liquids  of  the  body,  it  is  a 
plausible  hypothesis  that  the  amino-acids  are  either  the  form  in 
which  nitrogen  leaves  the  tissues  to  be  directly  converted  into  urea 
in  the  Hver,  or  ^-icld  after  further  decomposition  the  ammonium 
compounds  which  are  its  immediate  precursors.  But  it  is  against 
this  view  that  there  is  not  enough  carbon  in  proteids  to  convert  all 
their  nitrogen  into  amino-acids  (Bunge).  It  may  be,  however,  that 
a  portion  of  the  protcid  is  changed  into  amino-acids  relatively  rich 
in  carbon,  and  the  remainder  itito  simple  ammonia  connxjunds  rela- 
tively rich  in  nitrogen,  the  amino-acids  being  then  further  split  up 
into  simpler  bodies,  which  combine  with  each  other  to  form  urea,      j 
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The  conclusion  of  the  whole  matter  is  that,  if  anyone  chooses 
to  assert  that  the  proteids  of  the  tissues  fall  by  a  single  descent^J 
even  beyond  the  stage  of  urea,  there  is  as  yet  little  real  evidencojH 
to  contradict  him.     What  is  certain  is  that  from  most  tissaes^^ 
the  nitrogen  does  not  pass  out  chiefly  in  the  form  of  urea,  that  it 
appears  in  the  urine  mainly  as  urea^  and  that  the  change  is  effected^ 
to  a  very  large  extent,  hut  ftot  exclusively,  in  the  liver.     Among  i 
precursors  are  ammonia  compounds. 

Uric  acid,  like  urea,  is  separated  from   the  blood  by   the. 
kidneys,   not   to  any  appreciable  extent   formed  in  them.     I 
birds,  and  often  in  man,  it  can  be  detected  in  normal  blood 
It  is  present  in  increased  amount  in  the  blood  and  transuda 
tions  of  gouty  patients,   in  whose  joints  and   ear-cartilages   ii 
often    forms    concretions.     *  Chalk-stones  '    may    contain    more 
than  half  their  weight  of  sodium  urate. 

As  to  the  place  and  manner  of  formation  of  uric  acid,  it  h 
already  been  stated  that  in  birds,  after  extirpati*:m  of  the  liver 
the  uric  acid  excretion  is  greatly  diminished, and  that  ammonium 
lactate  appears  instead  in  the  urine.  It  has  been  further  shown 
that  when  blood  containmg  ammonium  lactate  is  circiilated 
through  the  surviving  liver  of  the  goose,  an  increase  in  the  uric 
acid  content  of  the  blood  occurs.  As  demonstrated  by  control 
experiments,  this  increase  is  too  great  to  be  due  merely  to  the 
sweeping  out  of  previously  formed  uric  acid  from  tlic  hepatic 
cells.  There  can  he  no  question,  then,  that  the  liver  in  birds 
is  the  seat  of  an  extensive  syntftesis  of  uric  acid  from  such  simple 
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materials  as  ammonia  and  lactic  acid.  A  similar  synthetic 
formation  of  uric  acid  from  ammonia  and  a  derivative  of  lactic 
acid  takes  place  in  mammals,  and  probably  exclusively  in  the 
liver,  but  it  is  of  far  less  imi)ortance.  Another  way  in  which 
uric  acid  arises  both  in  mammals  and  in  birds  is  by  oxida- 
tion of  nuclear  substances.  This  is  the  chief  mode  of  forma- 
tion in  mammals,  as  svnthcsis  is  the  chief  mode  of  formation 
in  birds.  In  both  groups  of  animals  the  oxidative  production 
of  unc  acid  takes  place,  not  in  any  particular  organ,  but  in 
the  tissues  in  general,  including  the  liver.  It  has  been  sliown 
that  when  air  is  blown  through  a  mixture  of  splenic  pulp  and 
blood,  uric  acid  is  formed  from  purin  bodies  already  present  in 
the  si>hH:n.  When  the  quantity  of  these  is  increased  by  tlie 
decomposition  of  nucleins  induced  by  slight  putrefaction,  the 
yield  of  uric  acid  is  also  increased.  Uric  acid  is  also  formed 
by  the  perfectly  fresh  surviving  spleen,  liver,  and  thymus  in 
the  presence  of  oxygen,  and  the  quantity  is  increased  when 
purin  bodies  are  artificially  added. 

As  to  the  source  of  the  uric  acid,  it  is  well  established  that 
in  the  bird  it  arises  both  from  the  end-products  of  proteid  meta- 
bolism and  from  nuclcin  compounds  and  their  dorivattvos  in  the 
fofxl  and  tissues.  In  the  mammal,  the  taking  of  food  rich  in 
nucleated  cells,  and  therefore  in  nucleo-proteids  and  nucleins 
(thymus  gland,  pig's  pancreas,  and  herring  roe),  or  of  food  rich 
in  nuclein  (purin)  bases  (Liebig's  meat  extract),  increases  the 
quantity  of  uric  acid  in  the  urine.  The  increase  is  in  jiart  due 
to  the  production  of  uric  acid  from  the  nuclein  substances 
(Jerome).  But  this  is  not  the  only  source  of  the  uric  acid,  since 
extracts  of  the  thymus  gland  containing  only  traces  of  nucleins 
or  nucleic  acid  cause,  when  injected,  a  characteristic  increase  in 
the  uric  acid  excretion,  just  as  the  entire  gland  does  when  taken 
by  the  mouth.  .\nd  during  the  period  of  increased  nitrogen 
excretion  occasioned  by  a  meal  containing  proteid  the  increase 
in  the  uric  acid  occurs  particularly  in  the  hours  immediately 
following  the  ingestion  of  the  fotxl,  and  d(x;s  not  last  so  long 
as  the  increase  in  the  urea.  Now.  the  nucleins  of  the  food  are 
comparatively  little  affected  durmg  the  earlier  stages  of  digestion 
(Hopkins  and  Hope).  We  may  conclude,  therefore,  that  in 
the  mammal,  as  well  as  in  the  bird,  a  i>ortion  of  the  uric  acid, 
although  certainly  a  far  smaller  jiortion  in  the  mammal,  is 
derived  from  Ixidies  other  than  the  nuclein  substances  of  the 
food — that  is  to  say,  from  the  nuclein  substances  of  the  tissues 
and  from  the  proteids  of  both  food  and  tissues.  The  jwrtion 
derived  from  the  proteids  is  that  small  fraction  which  has 
already  been  spoken  of  as  synthetically  fonned. 

The  portion  of  the  uric  acid  which  com* 
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(mainly  from  the  purin  bodies  in  it)  is  sometimes  denomin 
the  exogt'jwus  portion,  while  that  wliich  arises  from  the  tissues 
is  called  the  endogenous  [:>ortion.  The  latter  moiety,  which 
generally  amounts  to  about  o-6  gramme  in  the  twenty- four 
hours,  can  be  estimated  by  restricting  the  diet  to  articles  of 
foo<l  free  from  pnrin  bodies,  such  as  bread,  milk,  cheese,  eggs, 
iind  butter.  It  is  stated  that  the  endogenous  uric  acid  remains 
practically  constant  in  the  same  individual  under  constant  con 
ditions,  and  is  unaffected  by  chanji»es  in  the  diet. 

The  total  excretion  of  uric  acid  (and  the  other  purin  bodies) 
by  no  means  identical  with  the  simi  of  the  uric  acid  taken  in 
purin  bases  in  the  food  and  that  i^roduccd  in  the  body.  A  con 
siderable  destruction  of  uric  acid  (and  other  purin  bodies)  gt>es 
on  in  the  body.  an<l  mainly  in  tho  liver.  The  <iuantity  of  endo- 
genous uric  acid  excreted  by  the  kubicys,  however,  bears  a 
certain  ratio  to  the  total  amount  which  has  entered  the  circula 
tion.  This  ratio  varies  much  in  different  mammalian  si">ecies 
In  man  a  full  half  is  excreted  and  about  a  half  destroyed.  Soni' 
of  the  exogenous  moiety  is  also  broken  down.  When  uric  acid 
is  heatt^  in  a  sealtHl  tube  with  strong  hydrochloric  acid,  it  is 
broken  up  into  glycin.  carbon  dioxide,  and  ammonia.  There 
is  some  reason  to  believe  that  a  similar  decomposition  takes  place 
in  the  b<jdy,  and  that  the  products  are  then  synthesized  to  urea 
in  the  liver. 

Hippuric  acid  can  undoubtedly  be  produced  in  the  kidney, 
If  an  excised  kidney  is  perfused  with  blood  containing  benzoic 
acid,  or,  lietter,  benzoic  acid  and  glycin,  hippuric  acid  is  formed. 
The  kidney  cells  must  be  intact,  for  if  a  mixture  of  blood,  glycin, 
and  benzoic  acid  be  added  to  a  minced  kidney  immecliately 
after  its  removal  from  the  body,  hippuric  acid  is  produced,  bu 
not  if  the  kidney  has  been  crushed  in  a  mortar.     In  herbivorat 
hippuric  acid  cannot  normally  be  detected  in  tlie  blood  ;  it  is 
present  in  large  quantities  in  the  urine  ;   it  must  therefore  b 
manufactured  in  the  kidney,  nut  merely  separated  by  it.     In 
certain  animals,  as  the  dog,  the  kidney  is  the  sole  seat  of  the 
production  of  hifipuric  acid.     But  in  the  rabbit  and  the  frog 
some  of  it  may  also  be  formed  in  other  tissues,  for  after  extirpa- 
tion of  tlie  ki(hieys  the  administration  of  benzoic  acid  causes 
hippuric  acid  to  appear  in  the  blood-     The  benzoic  acid  comes 
mainly  from  substances  of  the  aromatic  group  contained  in 
vegetable  food,  but  a  small  amount  is  produced  in  the  body 
since  hippuric  acid  does  not  entirely  disappear  from  the  urin 
in  starvation.     It  is  not  known  in  what  form  the  nitrogenou: 
glycin  appears  on  the  spot  where  it  is  wanted  to  form  hippuri 
acid,  since  glycin  has  not  been  found  anywhere  in  the  tissues 
But  there  is  no  doubt  that  it  is  a  product  of  the  metabolism  o 
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proteids  (and  gelatin).  It  is  also  a  constituent  of  glycocholic  acid, 
and  niav  l>e  derived  in  part  from  the  bile  which  is  reabsorbed. 

Kreatinin  can  be  so  readily  obtained  from  kreatin  outside 
the  body  that  it  is  very  tempting  to  suppose  that  the  kreatinin 
of  the  urine  is  manufactured  by  the  kidney  from  the  kreatin 
of  muscle  carried  to  it  by  the  blood.  It  has  been  shown,  how- 
ever, that  most,  at  any  rate,  of  tlie  kreatinin  of  the  urine  is 
derived  from  ready-formed  kreatin  in  the  food.  The  kreatin 
of  the  muscular  tissue  may  l>c  ultimately  changed  into  urea, 
but  if  this  is  the  case,  the  intermediate  steps  are  unknown.  A 
small  amount  of  kreatinin  is  excreted  in  the  urine  even  in 
starvation,  and  this  may  come  from  the  muscular  kreatin. 

Formation  of  Carbon  Dioxide  from  Proteids. — \Vc  cannot 
say  whether  any  carlwin  dioxide  is  normally  produced  at  the 
moment  when  the  nitrogenous  |)ortion  of  the  proteid  molecule 
splits  off,  or  whether  a  carlMJuaceous  resiihie  may  not  always  hang 
together  for  a  time  and  pass  through  further  stages  before 
the  carlxin  is  fully  oxidizeil.  We  shall  see  that  under  certain 
conditions  some  of  the  carbon  of  proteids  may  be  retained  in 
the  Ixxiy  as  glycogen  or  fat :  and  this  suggests  that  in  all  cases 
it  may  run  through  intermediate  products  as  yet  unknown 
before  being  finally  excreted  as  caH)on  dioxide. 

Intracellular  Ferments — Autolysis. — As  to  the  agencies  by 
which  the  dectmi|>osition  of  the  proteids  is  carried  out  in  the 
cells,  we  have  already  S|X)ken  of  the  oxidizing  cell  ferments,  or 
oxydases  (p.  234).  Recent  researches  have  brought  to  light  in 
addition  hydrolytic  intracellular  ferments,  which  split  up  pro- 
teids very  much  in  the  same  way  as  the  proteolytic  ferments 
of  the  digestive  juices.  Not  only  dcj  unicellular  organisms,  like 
leucocytes,  yeast-cells,  and  bacteria  i^njssess  such  feiTnents,  but 
their  existence  has  been  demonstrated  in  practically  all  the 
organs  of  the  higher  animals  and  man.  When  a  piece  of  liver, 
€.g,,  IS  removed  with  aseptic  precautions  and  kept  at  body 
temperature,  extensive  auto  -  digestion  occurs,  and  ammonia, 
and  other  basic  substances,  glycin,  and  the  body  which  gives 
the  trj']»tophanc  reaction  (p.  293),  appear  among  the  products. 
T>TOsin  apjx-ars  so  early  that  it  is  scarcely  possible  to  doubt 
that  it  must  be  a  product  of  proteid  decom|X)sition  in  the  liver- 
cells  under  normal  conditions.  Similar  autolytic  processes 
have  been  obserx'cti  in  the  spleen,  muscle,  lymph-glands,  kidneys, 
lungs,  stomach  wall  (indei>endently  of  pepsin),  th>inus,  and 
placenta,  also  in  pathological  new  growths  like  carcinoma,  in 
the  breaking  down  of  which  and  in  the  removal  ol  such  exuda- 
tions as  occur  in  the  alveoli  in  pneumonia,  these  (>roteolytic 
ferments  seem  to  play  a  f>art.  The  ferments  in  certain  cases 
have  l^een  obtained  in  extracts  of  the  organs,  and  have  been 
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found  still  active.  It  is  piossible  that  the  syntheses  of  the  pro* 
teitls  or  their  proiliKts,  which  are  only  less  characteristic  of  the 
tissue  cells  than  the  decom^wsitions  effected  by  them,  may  also 
depend  u])on  the  action  of  separate  intracellular  ferments  or 
upon  the  reversed  activity  of  the  proteolytic  ferments.  It  must 
not  be  supjxjsed,  however,  that  the  intracellular  fennents, 
whether  they  cause  decomposition  or  synthesis,  work  inde- 
pendently of  what,  for  want  of  a  better  name,  we  must  call  the 
organization  of  the.  eel].  W'c  may  be  sure  they  are  the  servants 
and  not  the  masters  of  the  protoplasm,  and  that  a  drop  of  an 
extract  containing  intracellular  fennents  has  very  different 
powers  from  a  living  cell. 

2.  Metabolism  of  Carbo-hydrates — Glycogen. — The  carbo^ 
hydrates  of  the  food,  passing  into  th^  blood  of  the  portal  vein  in 
the  form  of  dextrofie,  are  in  pari  arrcsled  in  the  liver^  and  stored 
up  as  glycogen  in  the  hepatic  ccllsj  to  be  gradually  given  out  again 
as  sugar  in  the  intervals  of  digestion.  The  proof  of  this  statement 
is  as  follows  : 

Sugar  is  arrested  in  the  liver,  for  during  digestion,  especially 
of  a  meal  rich  in  carbo-hydrates,  the  blood  of  the  portal  contains 
more  sugar  than  that  of  the  hepatic  vein.  Popielski,  on  the 
basis  of  experiments  in  which  he  fed  with  known  quantities  of 
sugar  dogs  whose  inferior  vena  cava  and  jsortal  vein  had  been 
united  by  an  Eck's  fistula,  and  determined  the  amount  of  sugar 
which  passed  into  the  urine,  estimates  the  quantity  of  sugar 
kept  back  by  the  liver  at  from  12  to  20  per  cent,  of  the  whole. 
In  the  liver  there  exists  a  store  of  sugar- producing  material 
from  which  sugar  is  gradually  given  off  to  the  blond,  for  in  the 
inten'als  of  digestion  the  blood  of  the  hepatic  vein  contains  more 
sugar  (2  parts  per  1,000)  than  the  mixed  Wood  of  the  body  or 
than  that  of  the  portal  vein  (i  to  1*5  part  j^er  1,000).  When 
the  circulation  through  the  liver  is  cut  off  in  the  goose,  the 
blood  ra]>idly  becomes  free,  or  nearly  free,  from  sugar  (Min- 
kowski). And  a  smiilar  result  follows  such  interference  with 
the  hepatic  circulation  as  is  caused  by  the  ligation  of  the  three 
chief  arteries  of  the  intestine  in  the  dog,  even  when  the  animal 
has  been  previously  made  diabetic  by  excision  of  the  pancreas 

(p.  485). 

The  nature  of  the  sugar-forming  substance  is  made  clear 
by  the  following  exi'jeriments :  ( i )  A  rabbit  after  a  large 
carbo-hydrate  meal,  of  carrots  for  instance,  is  killed,  and  its 
liver  rapidly  excised,  cut  into  small  ]>ieces.  and  thrown  into 
acidulated  boiling  water.  After  being  boiled  for  a  few  minutes, 
the  pieces  of  liver  are  rubbed  up  in  a  mortar  and  again  lx)iled 
in  the  same  water.  The  opalescent  aqueous  extract  is  filtered 
off  from  the  coagulated  proteids.    No  sugar,  or  only  traces  of 
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it,  are  foiind  in  this  extract ;  but  another  carbo-hydrate,  glycogen, 
an  isomer  of  starch  giving  a  port-wine  colour  with  iodine  and 
capable  af  ready  conversion  into  sugar  by  amylolytic  ferments, 
is  present  in  large  amount.     (See  Practical  Exercises,  p.  528.) 

(2)  The  liver  after  the  death  of  the  animal  is  left  for  a  time 
tff  situ^  or,  if  excised,  is  kept  at  a  temperature  of  35°  to  40°  C, 
or  for  a  longer  period  at  a  lower  temi>erature  ;  it  is  then  treated 
exactly  as  before,  but  no  glycogen,  or  comparatively  httle,  can 
now  be  obtained  from  it,  although  sugar  (dextrose)  is  abundant. 
The  inference  plainly  is  that  after  deatli  the  hepatic  glycogen 
is  converted  into  dextrose  by  some  influence  which  is  restrained 
or  destroyed  by  boiling.  The  |Kist-mortem  change  is  to  be 
regarded  as  an  index  of  a  similar  action  which  goes  on  during 
life  :  sugar  in  the  inlart  body  is  changed  into  glycogen  ;  glycogen 
is  constantly  being  chLitigetl  nito  sugar.  This  transformation 
may  be  due  to  an  unformed  ferment  or  to  tlic  direct  action  of  the 
hvcr-cells,  for  l>oth  unformed  ferments  and  living  tissue  elements 
are  destroyed  at  the  temjx^rature  of  boiling  water.  There  is 
no  doubt  that  an  aniylolytir  ferment  can  be  extracted  from  the 
liver  in  small  amount,  as  from  other  organs  and  from  the  blood. 
It  is  i>ossibIe  that  it  is  by  means  of  this  ferment  that  the  hepatic 
cells  change  the  glycogen  into  sugar.  But,  as  in  the  case  of  the 
intracellular  proteolytic  ferments,  we  may  be  certain  that  the 
vital  action  of  the  hepatic  cells  is  a  most  important  factor  in 
controlling  the  rate  of  production  of  the  ferment  or  the  rate  at 
which  it  works. 

{^)  With  the  microscope,  glycogen,  or  at  least  a  substance 
which  is  very  nearly  akin  to  it,  which  very  readily  yields  it,  and 
which  gives  the  characteristic  port-wine  colour  with  iodme,  can 
be  actually  seen  in  the  liver-cells.  The  liver  of  a  rabbit  or  dog 
which  has  been  fed  on  a  diet  containing  much  carbo-hydrate  is 
large,  soft,  and  very  easily  torn.  Its  large  size  is  due  to  the 
loading  of  the  cells  with  a  hyaline  material,  which  gives  the 
iodine  reaction  of  glycogen,  and  is  dissolved  out  by  water, 
leaving  empty  spaces  in  a  network  of  cell-substance.  If  the 
animal,  after  a  period  of  starvation,  has  been  fed  on  proteid 
alone,  less  glycogen  is  found  in  the  shrunken  liver-cells  ;  if  the 
diet  has  been  wholly  fatty,  little  or  no  glycogen  at  all  may  be 
found.  Glycogen  can  even  Ik  lormed  by  an  excised  liver  when 
blood  containing  dextrose  is  circulated  through  it. 

Formation  of  Glycogen  from  Proteid.— In  the  liver-cells  of 
the  frog  in  winter-time  a  great  deal  of  this  hyaline  material 
— this  glycogen,  or  perha|>s  loose  glycogen  com|x»und — is  pre- 
sent ;  in  summer,  much  less.  Tlie  difference  is  very  remarkable 
if  we  consider  that  in  winter  frogs  have  no  food  for  months, 
while  summer  is  their  feeding-time  ;  and  at  first  it  seems  incon- 
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sistent  with  the  doctrine  that  the  hepatic  glycogen  is  a  stor6^| 
laid  up  from  surplus  sugar,  which  might  otherwise  be  swept  into 
the  general  circulation  and  excreted  by  the  kidneys.     It  has  been 
found,   however,  that  the  quantity  of  glycogen  is  greatest    in 
autumn   at    the    beginning    of    the   winter  •  sleep,    and    slowly 
diminishes  as  the  winter  passes  on,  to  fall  abrui>tly  with   the 
renewal  of  the  activity  of  the  animal  in  the  spring.     The  glyco- 
gen presnnt  at  any  moment  is,  therefore,  believed  to  be  a  residue, 
which  represents  the  excess  of  glycogen  formed  over  glycogen 
used  up  ;  and  the  amount  is  larger  in  winter,  not  because  more 
is  manufactured  than  in  summer,  but  because  less  is  consumed. 
It  is  possible,   indeed,  to  produce  the  *  summer  '  condition   o£^h 
the  hepatic  cells  merely  by  raising  the  temperature  of  the  cftiil^| 
in  which  a  winter  frog  lives  ;  at  20°  or  35'^  C,  glycogen  disappears 
from  its  liver.     Conversely,  if  a  summer  frog  is  artificially  cooled, 
a  certain  amount  of  glycogen  accumulates  m   the  liver.     The 
meaning  of  this  seems  to  be  that  at  a  low  temperature,  when  thfc^ 
wheels  of  life  are  clogged  and  metabolism  is  slow,  some  substancej^l 
probably  dextrose,   is  produced  in   the  body   from   proleids   in^^ 
greater  amount  than  can  be  used  uj\  and  that  the  surplus   is 
stored  as  glycogen  :  just  as  in  plants  starch  is  put  by  as  a  reserv 
which  can  be  drawn  upon  —which  can  be  converted  into  sugar 
when  the  need  arises.     That  glycogen  may  be  produced  from 
proteids  even  during  starvation  is  shown  by  the  following  experi*^^ 
ment :  A  fasting  animal  was  jnit  under  the  influence  of  strychnui^| 
to   remove   all   glycogen    from    the   liver.     Then    the  strychnia 
spasms  were  cut  short  by  chloral,  and  the  animal  allowed   to 
sleep  for  eighteen  hours.     At  the  end  of  thai  time  a  considerable 
amount  of  glycogen  was  found  in  the  liver  and  muscles,  and  thi^t 
must  have  come  from  the  proteids  of  the  body.  jH 

Glycogen-formers. — As  true  glycogen-formers  in  the  higher^* 
animals,  only  a  few  substances  have  been  demonstrated,  such 
as  proteids   (including   gelatin),   the   fermentable   sugars,   and, 
perhaps,  glycerine.     Many  other  bodies  are  known  to  influence 
the  formation   of  glycogen   by  '  sparing  '  substances  which  arfl^f 
true  glycogen  producers,  but  their  carbon  does  not  actually  take^^ 
its  place  in  the  glycogen  molecule.    Some  writers  deny  that 
proteids  can  directly  form  glycogen  or  sugar  apart  from  carbo 
hydrate  groups  contained  in   the  proteid  molecule.     But   th 
proteids  of  meat,  gelatin,  and   casein   are   capable  of   forming 
60  per  cent,  of  their  own  weight  of  dextrose  in  diabetic  meta- 
bolism, and  even  the  end  products  of  pancreatic  digestion  of 
meat  yield   so  much  sugar   that   the  greater  part  of    it   mu&i 
have  come  from  the  amido-bodies  and  not  from  a  sugar  gro 
in  the  proteid  (Lusk  and  Stiles). 

Extra-hepatic  Glycogen. — While  the  Uver  in  tlie  adult  (co 
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taining  as  it  does  from  2  to  10  per  cent,  of  glycogen,  or  even 
more  with  a  diet  rich  in  sugar  or  starch)  may  he  looked  ujwn 
as  the  main  storehouse  of  surplus  carlx>-hydrate,  depots  of 
glycogen  are  formed,  Iwth  in  adult  and  foetal  life,  in  other  situa- 
tions where  the  strain  of  limction  or  of  growth  is  exceptionally 
heavy — in  the  muscles  of  tiie  aduJt  (0*3  to  0*5  f)er  cent,  of  the 
moist  muscle),  in  the  placenta,  in  many  developing  organs  in 
the  embryo  (lungs,  epithelium  of  the  trachea,  cesophagus, 
intestine,  ureter,  pelvis  of  kidney,  and  renal  tubules).  In  the 
embryonic  muscles  the  glycogen  may  constitute  as  much  as 
40  per  cent,  of  the  solids. 

That  the  glycogen  store  of  the  liver  fulfils  a  different  function 
from  that  of  the  muscles  is  indicated  by  the  fact  that  when  dogs, 
after  being  put  on  a  given  diet  for  two  or  three  day's,  arc  starved 
for  a  time,  and  then  \mi  again  on  the  original  diet,  the  he|Nitic 
and  the  muscular  glycogen  beliuve  differently  at  first  during 
the  period  of  re-alimentation.  While  glycogen  accumulates  in 
the  liver  in  greater  quantity  than  under 
normal  conditions  of  nutrition,  in  the 
muscles  it  at  first  accuruuiales  much  less 
rapidly  than  normal. 

Function  and  Fate  of  the  Glycogen.— 
When  a  fasting  dog  is  made  to  do  severe 
muscular  work,  the  greater  j>art  of  the 
glycogen  soon  disappears  from  its  liver. 
\Vlien  a  dog  is  star\'ed,  but  allowed  to 
remain  at  rest,  the  glycogen  still  markedly 
diminishes ,  al t hough  it  takes  a  longer 
time ;  and  at  a  period  when  there  is 
still  plenty  of  fat  in  the  body,  there  may  be  only  a  irace 
of  hepatic  glycogen  left.  The  glycogen  which  is  u-sually  con- 
tained in  the  skeletal  muscles  also  diminishes  very  rapidly  in 
the  first  diiys  of  hunger,  but  the  he;irt  contains  the  normal 
amount  of  glycogen  at  a  time  when  the  proiKirtion  in  the  skeletal 
niuscles  has  sunk  to  ,'«  t*j  .,'0  of  the  nornial.  These  facts  have 
been  taken  to  indicate  that  glycogen  and  the  sugar  formed  from 
it  are  the  readiest  resources  of  the  starving  and  working  organism. 
The  fat  of  the  l>ody  is  a  good  security,  which,  however,  can  only 
be  gradually  realized  ;  its  organ- proteids  are  long-date  bills, 
which  will  be  discoimted  sparingly  and  almost  with  a  grudge  ; 
its  glycogen,  its  carbo-hydrate  r(rser\*es,  arc  consols,  which  can 
be  turned  into  money  at  an  hour's  warning.  Glycogen  is  drawn 
ujK)n  for  a  sudden  demand,  fat  for  a  steady  drain,  proteii.1  for 
a  lile-and-death  struggle. 

Although  it  cannot  be  doubted  that  much  of  the  hepatic 
glycogen  leaves  the  Uver  as  sugar,  there  is  no  proof  that  it  all 
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does  so.     It  is  known  that  fat  may  be  formed  from  carbo-hydrates 

(p.  461) ;  and  globules  of  oil  are  often  conspicuous  among  the 
contents  of  liver-cells,  side  by  side  with  glycogen.  It  is  possible, 
therefore,  that  some  of  the  glycogen  may  represent  a  half-way 
house  between  sugar  and  fat,  or,  since  fat  can  also  be  formej^H 
from  proteid,  and  a  purely  proteid  diet  produces  some  glycogel^H 
a  half-way  house  between  proteid  and  fat.  The  so-called  '  liver 
dextrin/  a  nitrogenous  substance  containing  a  carbo-hydrate 
group,  which  reduces  rupric  oxide  and  yields  a  reducing  sugar 
on  being  heated  with  dilute  acid,  may  Ixi  an  intermediate  stage 
in  the  conversion  of  i>roteid  into  sugar.  According  to  Seeigen, 
the  amount  of  this  body  in  the  liver  sometimes  exceeds  that 
the  glycogen  and  sugar  ]:iut  together. 

Pavy  has  put   forvvunl  the  heterodox   view  that  tlu*  g!ycog< 
formed  hi  the  liver  from  the  sugar  of  the  |)orlaI  Iflotnl  is  nev 
reconv<.Mted  into  sugar  under  normal  conditions,  but  is  changed 
into  some  other  substance  or  substances,  and  he  denies  that  the 
|)ost-mortcm  formation  of  sugar  in  the  hepatic  tissue  is  a  true 
jiicture  ot   what  lakes  place  during  life.     Hut   in  spite  of   the 
brilliant  manner  in  which  he  has  defended  this  thesis,  both  by 
argument  and  by  experiment,  it  must  be  said  that  the  oider 
doctrine  of  Bernard,  which  in  the  main  we  have  followed  abov< 
is  attested  by  such  a  cloud  of  modem  witnesses  that  it  seei 
to  be  hrmlv  and  fmally  established. 

Fate  of  the  Sugar — Glycolysis. — What,  now,  is  the  fate 
the  sugar  which  either  passes  right  through  the  portal  circula- 
tion from  the  intestine  without  undergoing  any  change  in  the 
liver,  or  is  gradually  jiroduced  from  the  hepatic  glycogen  ? 
When  the  proportion  of  sugar  in  the  blood  rises  above  a  certain 
low  limit  (about  3  parts  per  1,000),  some  of  it  is  excreted  by  the 
kidneys  (Practical  Exercises,  p.  529).  ^m 

■  A  large  meal  of  carbo-hydrates  is  frequently  followed  hf^ 
a  temporaiy  glycosuria,  but  somethin^^  depends  upon  the 
form  in  which  the  sugar-forming  material  is  taken.  Miura,  for 
example,  after  an  enormous  meal  of  rice  (equivalent  to  6-4 
grammes  of  ash-  and  water-free,  starch  per  kilo  of  body-weight)^ 
which,  as  he  mentions,  tasked  oven  his  Jaj)anese  powers  of 
digestion  to  dispose  of,  found  not  a  trace  of  sugar  in  the  urine. 
Glucose,  cane-sugar  and  lactose,  on  the  other  hand,  when  taken 
in  large  amount,  were  in  part  excreted  by  the  kidneys,  as  was 
also  the  case  with  levmlose  and  maltose  in  a  dog  (Practic 
Exercises,  p.  530).* 
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•  Twenty-four    healthy  students,   wliosc    urine    had    previously    b 
shown  to  be  free  from  sugar,  ate  quantities  of  cane-sugar  varyinR  fr 
250    grammes   to   750   grammes.     The   urine  was   coUecte*!    in    separate 
portions  for  twelve  to  twenty-four  hours  after  the  meal.     In  only  three 
cases  was  reducing  sugar  found  in  the  urine  (by  Fehling's  and  the  phen 
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But,  except  as  an  occasional  phenomenon,  such  an  excretion 
is  inconsistent  with  health  ;  and  therefore  in  the  normal  body 
the  sugar  of  the  blood  must  ho  either  destroyed  or  transformed 
into  some  more  or  Jess  permanent  constituent  of  the  tissues. 
The  transformation  of  sugar  into  fat  we  have  already  men- 
tioned, and  shall  have  again  to  discuss  ;  it  only  takes  i>lace 
under  <  ertain  conditions  of  diet,  and  no  more  than  a  small  pro- 
[wrtion  of  the  sugar  which  disappears  from  the  body  in  twenty- 
four  hours  can  ever,  in  the  most  favourable  circumstances,  be 
converted  into  fat.  Accordingly,  it  is  the  desiruclion  of  sugar 
which  concerns  us  here,  and  there  is  every  reason  to  believe  that 
this  takes  place,  not  in  any  particular  organ,  but  in  all  active 
tissues,  especially  in  thf  muscles,  and  to  a  less  extent  in  glands. 

It  has  been  asserted  that  the  blood  which  leaves  even  a  resting 
muscle,  or  an  inactive  salivary  gland,  is  poorer  in  sugar  than 
that  coming  to  it  ;  and  the  conclusion  has  been  drawn  that  in 
the  metabolism  of  resting  muscle  and  gland  sugar  is  oxidized, 
the  carbon  passing  off  as  carbon  dioxide  in  the  venous  blood. 
This  is  indeed  extremely  likely,  for  we  know  that  when  the 
skeletal  muscles  of  a  rabbit  or  guinea-pig  are  cut  off  from  the 
central  nervous  system  by  curara,  the  production  of  carlwn 
dioxide  falls  much  below  that  of  an  intact  animal  at  rest ;  and 
the  carlK)n  given  off  by  such  an  animal  on  its  ordinary  vegetable 
diet  can  be  shown,  by  a  comparison  of  the  chemical  composition 
of  the  food  and  the  excreta,  to  come  largely  from  carbo-hydrates. 
But,  considering  the  relatively  feeble  metabolism  of  muscles 
and  glands  when  not  functionally  excited,  the  large  volume  of 
blood  which  passes  through  them,  the  difficulty  of  determining 
small  differences  in  the  projx>rtion  of  sugar  in  such  a  liquid,  the 
possibility  that  even  in  the  hUx>d  itself  sugar  may  be  destroyed, 
or  that  it  may  pass  from  the  blowl,  without  i>eing  oxidized, 
into  the  lymph,  too  much  weight  mav  be  easily  given  to  the 
results  of  tlirect  analysis  of  the  in-coming  and  out-going  blood. 
And  although  the  results  of  Chauveau  and  Kaufmann,  obtained 
in  this  way,  fit  in  fairly  well  with  what  we  have  already  learnt 
by  less  direct,  but  more  trustworthy,  methods,  they  can- 
not l>e  accepted  as  yielding  exact  quantitative  information. 
They  found  that  in  one  ol  the  muscles  of  the  upper  lip  of 
the   horse  the  quantity  of   dextrose  used  up   during   activity 


hvdraxtne  test),  ami  then  merely  in  traccH.  lo  eight  cases  cane-sugar 
was  found,  and  estimated  liy  tlio  jKiIarimcter.  and,  after  boding  with 
h\-droctiloric  acid,  by  Fclding's  solution.  The  greatest  quantity  of  cnne- 
sugar  recovereil  from  the  unne  was  8  grammes  (7918  gr.immea  by  Tehling's 
inetho*!  and  8-288  grammes  by  the  polarimeter)  ;  the  liighest  proportion 
of  the  quantity  taken  which  appeared  in  the  urino  was  i'f  per  cent.  When 
glucose  wafl  found,  cane-sugar  was  always  present  as  well. 
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(feeding  movements)   was  3*5   times  as   much  as  in   the   sai 
muscle  at  rest,  ^nd  this  corrtrsponded  with  the  deficit  of  oxyg 
in  the  blood  enleriiij;  the  niuscle,  and  with  the*  excess  of  car 
dioxide  in   the   f)lood  leaving  it.     More  dextrose  was  also  d 
stroyed  In  the  active  than  in  the  passive  ]xirotid  gland  of  t 
horse,  but  the  excess  ]jer  unit  of  weight  of  the  organ  was  far  I 
than  in  muscle. 

Concerning  the  manner  in  which  dextrose  is  destroyed  in  t 
tissues,  we  are  in  the  same  ]K)5ition  as  in  the  case  of  the  protei 
It  caimot  he  definitely  stated  at  present  what  sliare  is  taken  b; 
cleavage  and  what  Ijy  oxidation  in  the  destruction  of  car 
hydrates   in   the   organism.     Normal   blood  has   been   credit 
with  a  ferment  which  has  the  power  of  destroying  sugar  (glyc 
lysis),   and   forming   lactic   acid.     But   with   rigid   aseptic    pre- 
cautions the  loss  of  sugar,  even  in  several  hours,  is  small,  and  it 
is  doubtful  whether  such  a  ferment  exists.     On  the  other  liand, 
Cohnheim  has  stated  that  while  no  glycolytic  ferment  can  be 
demonstrated  in  the  pancreas,  and  only  an  exceedingly  weak 
glycolytic  action    in    muscular   tissue  (Brunton).  by  combining 
pancreas   and   muscles    distinct    glycolysis,   due   to   a   ferment 
action,  can  be  made  out.     Here  it  may  be  that  the  glycolytic 
ferment   is  activated  by  another  substance,   as  trypsinogen 
activated  by  enterokinasc  (p.  301). 

This  experiment  is  of  great  interest,  since  it  is  knowTi  tha 
the  pancreas  is  intimately  concerned  in  the  metabolism  of  sugar. 
Excision    of   this   organ    in   dogs   causes   j>ermanent   glycosur 
(jiaucreatic  diabetes)  (v.  Mering  and  \[inkowski),  which  is  pr 
vented  if  a  portion  of  the  pancreas  be  left,or  if  it  be  transplanted 
under  tlie  skin  of  the  abdomen  (p.  485).     Diabetes  in  man 
known  to  be  frequently  associated  with  pancreatic  lesions. 

Diabetes. — In  the  disease  knouii  as  diabeUs  mcilittis,  su 
accumulates  in  the  blood,  and  is  discharged  by  the  kidne^^ 
and  it  has  iwen  sup])osed  that  a  derangement  in  the  glycogcnii 
function  of  the  liver  is  sometimes  the  cause  of  this  accumulatioi 
and  of  this  discharge.  An  artificial  and  temporary  glycosuria, 
in  which  the  sugar  in  the  urine  undoubtedly  arises  from  th^^ 
hepatic  glycogen,  can,  indeed,  he  caused  by  puncturing  th^H 
medulla  oblongata  in  a  rabbit  at  or  near  the  region  of  the  vaso- 
motor centre.  If  the  animal  has  been  previously  fed  with  a  diet 
rich  in  carbo-hydrates — that  is,  if  it  has  been  put  under  con- 
ditions in  which  the  liver  contains  much  glycogen — the  quantity 
of  sugar  excreted  l>y  the  kidneys  will  be  large.  If,  on  the  otlier 
hand,  the  animal  has  been  starved  before  the  operation,  so  that 
the  liver  is  free,  or  almost  free,  from  glycogen,  the  puncture  wiU 
cause  little  or  no  sugar  to  appear  in  the  urine.  That  nervo 
influences  are  in  some  way  involved  is  shown  by  the  absen 
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of  glycosuria  if  the  splanchnic  nerves,  or  the  spinal  cord  above 
the  third  or  fourth  dorsal  vertebra,  Ix?  cut  before  the  puncture 
is  made.  But  s«jmetimes  these  operations  arc  themselves 
followed  l>y  temporary  glycosuria.  Section  of  the  vagi  has  no 
effect  either  in  causing  glycosuria  of  itself  or  in  preventing  the 
'  puncture  *  glycosuria,  although  stimulation  of  the  central 
ends  of  these  and  of  other  afferent  nerves  may  cause  sugar  to 
appear  in  the  urine.  Although  several  of  the  operations  which 
lead  to  this  tem|x>rary  glycosuria  undoubtedly  bring  about 
changes  in  the  hepatic  circulation,  it  is  as  yet  impossible  to  say 
whether  the  whole  phenomenon  is  at  bottom  a  vaso-motor 
effect,  or  is  due  to  direct  ner\'ous  stimulation  of  the  Hver-cells, 
or  to  withdrawal  of  such  stimulation  or  control  (see  also  p.  413). 
In  the  natural  diabetes  of  man  it  is  possible  that  in  some 
cases  tlie  sugar  coming  from  the  alimentary  canal  passes  entirely 
or  in  too  large  amount  through  the  liver,  owing  to  a  deficiency 
in  its  power  of  forming  glycogen.  But  although  in  certain  cases 
of  diabetes  sf)ecimens  of  the  hepatic  cells,  obtained  by  plunging 
a  trocar  into  the  liver,  have  been  found  free  from  glycogen,  in 
others  glycogen  has  l>een  present.  And  it  is  remarkable  that 
levulose  may  withm  limits  be  entirely  used  up  in  the  tissues  of  a 
diabetic  patient,  or  of  a  dog  rendered  diabetic  by  extirpation  of 
the  pancreas,  while  dextrose,  which  is  so  closely  allied  to  it,  and 
from  which  an  identical  form  of  glycogen  is  produced,  is  jiromptly 
cast  out  by  the  kidneys,  in  many  cases  even  when  carbo- 
hydrates are  completely,  or  almost  completely,  omitted  from 
the  food,  sugar,  derived  from  the  breaking-down  of  proteids, 
still  continues  to  be  excreted,  although  in  smaller  quantity. 
Other  products  of  the  deranged  metatwlism  of  proteids  or  of 
fats,  such  as  acetone,  aceto-acetic  acid,  and  oxybutyric  acid, 
may  also  appear  in  the  urine,  or,  accumulating  in  the  blood, 
may,  by  uniting  with  its  alkalies,  seriously  diminish  the  quantity 
of  carbon  dioxide  which  that  liquid  is  capable  of  carrying,  and 
thus  lead  to  the  condition  known  as  diabetic  coma.  The  small 
amount  of  carbon  dioxide  in  the  venous  blood  may  also  be 
partly  due  to  the  hy|>crpncea,  marked  by  increased  depth 
of  the  respiratory  movements  produced  by  stimulation  of  the 
respiratory  centre  by  other  substances  than  carbon  dioxide. 
This  increased  ventilation  causes  a  fall  m  the  carbon  dioxide 
pressure  in  the  alveolar  air,  and  therefore  an  increased  elimina- 
tion of  that  gas  from  the  blood.  This  form  of  coma  appears 
to  be  really  an  acid-|)oisnning  comparable  to  the  condition  pro- 
duced in  animals  by  doses  of  mineral  acids  too  large  to  be 
neutralized  by  the  ammonia  split  off  from  the  proteids.  The 
administration  of  very  large  doses  of  alkalies  (sodium  bicarbonate. 
tor  instance,  to  the  amount  even  of  hundreds  of  grammes)  has 
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been  recommended  for  the  treatment  of  this  serious  complica 
tion.  The  most  rational  way  of  e.xplainiiij^  many  of  the  facts 
of  diabetes  is  to  supjMJse  that,  from  somt'  change  in  the  tissue 
elements,  su|^ar  lias  ceased  to  be  a  food  for  them,  or  is  used  up 
ill  smaller  amount  than  in  the  healthy  body,  while  the  actual 
jinxhiction  of  sugar  is  no  greater  than  in  a  normal  i)erson  with 
the  same  diet  and  the  same  intensity  of  metabolism  of  sub- 
stances other  than  carbo-hydrates.  The  change  may  be  the 
loss  or  diminution  of  a  glycolytic  ferment  or  a  substance  neces- 
sary for  the  activ'ation  of  such  a  iermentj  and  normally  pro- 
duced by  the  pancreas.  And  although  the  sugar-destroying 
jmwer  of  blood  from  diabetic  patients,  or  from  animals  in  which 
glycosuria  has  been  caused  by  phloridzin,  i^  not  at  all  inferior 
to  that  of  h(;althv  bloi>d,  it  may  be  that  the  intracellular  glycQ^H 
lytic  fernient?^,  it  such  really  exist,  are  much  less  active.  ^| 

In   dogs   dejjiived  of  the   pancreas,   and   in  dogs   under    the 
influence  of  phlorid«in,  glycerine,  given  by  the  mouth,  causes^ 
an  increase  in  the  excretion  of  sugar  up  to  two  or  three  time^| 
tlie  original  amount.     The  giving  of  fat  does  not  increase   the 
amount  of  sugar  excreted,  which,  however,  is  increased  by  such 
substances  as  egg-yolk,  which  eontain  lecithin.     These  should 
accordingly  be  avoided  in  cases  in  which  a  strictly  antidiabetic 
diet  is  desired.     It  is  much  more  important  to  exclude  carbo^| 
hydrates  largely  or  entirely  from  the  food,  although  potatoes^* 
are  said  to  occupy  an  exceptional  position,  and  have  even  been 
recommended  as  beneficial.     Calcium  chloride  has  been  slated 
to  diminisli  the  sugar  excretion  in  diabetes  (Boigey).  an<i  it  has 
a  similar  effect  in  certain  ol  the  artificial  glycosurias  (Bro^ 
Fischer). 

Glycosuria  can  be  caused  in  many  other  ways  than  iho* 
already  mentioned — e.g.,  by  interference  with  the  respiration^ 
deficiency  of  oxygen,  concussion  of  the  brain,  occlusion  and 
subsequent  release  of  the  arteries  suppl>ing  the  brain  and 
cer%-ical  cord,  acute  ha-morrhage,  injection  of  water  or  physio- 
logical salt  solution  into  the  bile-ducts,  into  the  mesenteric 
veins,  or,  in  considerable  amount,  into  the  general  circulation. 
Many  drugs  also  cause  glycosuria,  including  curara,  morj^hia, 
carbon  monoxide,  phloridxin  (p.  530),  adrenalin,  and  other  sul 
stances.     Of  these  the  last  two  are  the  most  interesting. 

Phloridzin    glycosuria  agrees  with    pancreatic,    but  differ: 
fvfim  '  puncture  '  diabetes  in  this,   that  it  can  be  prmlueed  i] 
an  animal  free  from  glycogen,  and  is  accompanied  by  extensiv< 
destniction  of  proteids.     It  differs  from  other  forms  of  diabetes' 
in  being  associated,  not  with  an  increase,  but  with  a  diminution 
in  the  sugar  of  the  blood.     This  is  best  explained  by  suj>posing 
that  the  phloridzin  acts  on  the  kidney  in  such  a  way  as  to  in- 
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crease  the  ]>erme;ibility  of  the  glomerular  epitheHum  for  sugar, 
or  (in  terms  of  the  vital  theory  of  urinary  secretion),  to  increase 
its  sensitiveness  to  the  stimulus  of  sugar  circulating  in  the  hlood. 
The  sugar  is,  therefore,  rapidly  swept  out  of  the  circulation, 
and  this  leads  secondarily  to  an  increased  production  of  sugar  to 
make  good  the  loss.  In  addition,  within  certain  Hmits  there 
is  a  total  inahility  on  the  [Kirt  of  the  Ixxly  to  consume  dextrose. 

After  the  prehjuinary  swee]»ing  out  of  the  sugar  already  in 
the  IkkIv  a  definite  ratio  is  cstahiished  between  the  dextrose 
and  the  nitrogen  eliminated  in  the  unne  (dextrose  :  nitrogen 
:  :  3*6  or  3*7  :  i).  The  sugar  at  this  stage  is  produced  entirely 
from  proteids,  and  not  at  all  from  fat.  The  degree  of  intoler- 
ance for  carbo-hydrates  in  pathological  diabetes  may  be  arrived 
at  by  putting  the  jiatient  im  a  diet  of  proteid  and  fat  (rich 
cream,  meat,  butter,  and  eggs),  and  determiuing  the  ratio  of 
dextrose  to  nitrogen  excreted.  If  it  is  3-6  to  37  :  i,  intolerance 
is  complete,  none  of  the  dextrose  produced  from  proteid  being 
bumetl,  and  there  will  probably  be  a  quickly  fatal  issue  (Lusk 
and  Mandel).  There  is  some  evidence  that,  in  addition  to  the 
increased  permeability  of  the  kidney  to  sugar  and  the  diminished 
power  of  the  tissues  in  general  to  destroy  it,  the  renal  epithelium 
is  actually  an  important  seat  of  the  sugar  production  (Brodie). 

In  adrenalin  glycosuria  the  sugar-content  of  the  blood  is 
increased,  and  sugar  ap|)ears  in  the  urine  in  a  few  minutes. 
The  seat  of  action  is  the  pancreas.  SulKutaneous  injection  of 
adrenalin  chloride  causes  a  mild,  intravenous  injection  a  greater 
glycosuria,  and  intraperitoneal  injection  the  greatest  glycosuria 
of  all.  Direct  application  of  the  solution  to  the  pancreas  has 
a  greater  effect  than  direct  application  to  the  liver,  spleen,  or 
kidney  (Herter). 

3.  Metabolism  of  Fat. — The  fat,  passing  along  the  thoracic 
duct  into  the  blood-stream,  is  very  soon  removed  from  the 
circulation,  for  normal  blood  contains  only  traces,  except  during 
digestion.     Where  does  it  go  ?     What  is  its  fate  ? 

The  presence  of  adij-Kise  tissue  in  the  lx)dy  might  suggest  a 
ready  answer  to  these  questions.  The  fat-cells  of  adii>ose  tissue 
are  ordinary  fixed  connective-tissue  cells  which  have  become 
filled  with  fat,  the  protoplasm  being  re<luce<l  to  a  narrow  ring, 
in  which  the  nucleus  is  set  like  a  stone.  It  would,  at  tirst 
thought,  seem  natural  to  sup|x:»se  that  the  fat  of  the  food  is 
rapidly  separated  by  these  cells  from  the  blood,  and  slowly  given 
up  again  as  the  needs  of  the  organism  require,  just  as  carbo- 
hydrate is  stored  in  the  liver  for  gradual  use.  And  it  has  been 
found  that  a  lean  dog,  fed  with  a  diet  containing  much  fat  and 
little  proteid.  puts  on  more  fat,  as  estimate<:l  by  direct  anal\^is, 
or  keeps  back  more  carbon,  as  estimated  by  measureig^jt^if 
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the  re-spiratory  excliange,  than  can  be  accounted  for  on  th0^H 
supposition  tliat  evon  the  whoU*  of  the  carbon  of  the  broken- 
down  proteid  corresponding  to  the  excreted  nitrogen  lias  been^^ 
laid  up  in  the  form  ol  fat.  Even  with  a  diet  of  pure  fat — and^H 
with  such  a  diet  digestion  and  absoqition  are  carried  on  under  ^^ 
unfavourable  conditions — more  carbon  is  retained  than  can 
have  come  from  the  metabolism  of  the  [)roteids  of  the  body,  as 
measured  by  the  nitrogen  given  off  in  the  urine  and  faeces  : 
the  fat  passes  rajMdly  from  the  blood  into  the  organs,  and 
especially  into  the  liver  (Hofmann,  Pettenkofer,  and  Voit).  It 
is  thus  certain  that  some  of  the  alworbed  fat  may  be  stored  up 
as  fat  in  tlic  hiRly. 

This  is  borne  out  by  the  careful  experiments  of  Munk  and 
Lebedeff,  who  found  that  when  dogs  are  fed  with  excess  of  foreign 
fat  (linseed  oil,  rape  oil,  mutton  fat),  a  fat  is  laid  down  which  is 
quite  different  from  dog's  fat.  and  has  the  greatest  resemblanc 
to  the  fat  of  the  food.  Thus,  when  rape  oil,  which  contains  a  fatty 
acid,  erucic  acid,  not  found  in  aninial  fat,  was  given,  erucic  acid 
could  be  detected  in  the  fat  laid  on.  When  the  dogs  were  fed 
with  mutton  fat,  whose  melting-point  is  much  higher  than  that  of 
dog's  fat,  the  fat  laid  on  did  not  me!t  till  it  was  heated  to  40**  C. 
or  more.  When  they  were  fed  with  linseed  oil.  the  body-fat 
was  found  liquid  even  at  0°  C.  We  have  already  referred  (p.  365) 
to  the  fact  that  neutral  fat  can  be  built  up  in  the  wall  of  the 
intestine  from  fatty  acids  given  in  the  food.  Munk  has  shown 
that  fat  formed  m  this  way  can  also  be  laid  down  as  body-fat. 
But  besides  the  fat  and  fatty  acids  of  the  food,  the  fat  of  the 
body  has  other  sources,  and  some  of  it  is  produced  by  more 
comi>lex  processes. 

rhe  lat  of  a  dog  consists  of  a  mixture  of  palmitin,  olein,  and 
stearin.  When  a  starved  dog  was  fed  on  lean  meat  and  a  fat 
containing  palmitin  and  olcin,  but  no  stearin,  the  fat  put  on 
contained  all  three,  and  did  not  sensibly  differ  in  its  composi- 
tion from  the  normal  fat  of  the  dog  (Subbotin).  Stearin  must» 
therefore,  have  been  formed  in  some  way  or  other  in  the  body. 
If  it  was  produced  from  the  olein  and  palmitin  of  the  food,  the 
portion  of  these  deposited  in  the  cells  of  the  adijwse  tissue  must 
have  undergone  changes  before  reaching  this  comparatively 
fixed  position.  But  there  is  conclusive  evidence  that  fat  may 
be  derived  from  proteids  ;  and  it  is  more  likely  that  the  stearin 
was  formed  from  the  proteids  of  the  food  or  tissues  than  directly 
from  fat.  And  if  the  stearin  was  produced  from  proteids,  it 
is  evident  that  the  olein  and  palmitin  mi^kt  have  been  formed 
from  proteids  too,  the  portion  ol  the  latter  devoted  to  this  pur- 
pose being  sheltered  from  oxidation  V>y  the  combustion  of  the 
fats  of  the  food.     It  is  well  known  that  not  only  neutral  fats. 
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hut  also  fatty  acids,  exert  such  a  *  protciri-sparing '  action, 
and  a  |x>rtion.  thoiitih  not  ihc  whole,  of  the  fat  laid  on  when  an 
animal  is  Jed  with  latly  acids  does  arise  from  Hie  cai  Ixniaceous 
residue  of  the  proteids  thai  are  saved  (mm  complete  combustion. 
It  is  jxjssible  also  that  the  fat  which  is  nomiaUy  excreted  into 
the  intestine  (p,  3^*7),  and  which  is  porha]>s  derived  from  hroken- 
down  (>roteids,  may  be  reabsorbed,  and  take  its  place  among 
the  fat  '  i>ut  on.' 

Formation  of  Fat  from  other  Sources  than  the  Fat  of  the 
Food— (I)  From  Proteids. — Dry  proteid  contains  on  the  average 
16  per  cent,  of  nitrogen  and  50  per  cent,  of  carbon,  and  urea 
contains  46  ]>er  cent,  of  nitrogen  and  20  per  cent,  of  carljon. 
Urea  is  therefore  three  times  as  rich  in  nitrogen  as  the 
proteid  from  which  it  is  derived,  but  two  and  a  half  times 
poorer  in  carV>on  ;  and  less  than  one-seventh  of  the  carbon  of 
proteid  will  be  eliminated  in  the  uresi,  which  carries  off  all  the 
nitrogen.  A  carbonaceous  residue  is  left,  which,  under  certain 
circumstances,  may  be  converted  into  fat.  This  statement  is 
founded  on  such  observations  as  the  following  : 

In  Ibe  experiments  of  Bauer,  the  amount  of  oxygen  consumed 
and  of  c<irbon  dioxide  and  nitrogen  excreted  was  drtermincd  in 
starving  dogs.  I*has]ihorus,  which,  as  is  well  known,  causes 
extensive  fatty  degeneration,  was  then  administered  in  small  doses 
for  several  days.  The  excretion  of  nitrogen  was  doubled,  the 
excretion  of  carbon  dioxide  and  the  consumption  of  oxygen  dimin- 
ished to  one-half.  Wlicn  the  animals  died,  in  a  few  days,  the  organs 
were  all  found  fattily  degenerated.  In  one  case  42*4  per  cent,  of 
the  solids  of  the  muscles  and  30  per  cent,  of  the  solids  of  the  liver 
consisted  of  fat.  This  is  nearly  three  times  the  normal  amount. 
The  fat  could  not  ha\c  been  simply  transferred  from  the  adipose 
tissue,  since  the  dog  had  been  3tar\*ed  for  twelve  days  before  the 
phosphorus  was  given,  and  died  on  the  twentieth  dav  of  starvation. 
Now,  after  such  a  ]x?riod  of  hunger  the  amount  of  fat  necessary  to 
account  for  the  excess  found  in  the  organs  does  not  exist  in  the 
adipose  tissue.  The  source  of  the  fat  could  only  have  been  the 
broKen-down  proteid.  Since  the  nitrogen  excretion  was  increased, 
while  the  carbon  excretion  wns  diminished,  a  residue  rich  in  carbon 
must  have  been  spHt  ofl  from  the  proteids,  and,  remaining  unbumt 
in  the  body,  must  fvive  been  converted  into  fat.  The  observations 
of  Lusk  and  his  pupils  indicate  that  phosphorus  does  not  directly 
increase  the  amount  of  proteid  broken  down,  but  does  so  indirectly, 
by  favouring  the  conversion  of  the  a\rbo-hydrate-likc  radicle  of  the 
proteid  molecule  into  Icucin.  t>Tosin,  and  fat.  and  therefore  neces- 
sitating an  increased  consumption  of  proteid. 

These  experiments  show  that  in  abnormal  circumstances  fat  may 
arise  from  proteids.  An  absolute  proof  of  its  formation  in  this 
manner,  under  strictly  physiological  conditions,  although  in  a 
humble  form  of  animal  life,  is  afforded  by  the  cxj»erimcnts  of 
Hofmann  on  maggots  allowed  to  develop  from  the  egg  on  blood 
containinf^  a  known  amount  of  fat.  The  quantity  '»f  ^Ai  in  the  eggs 
was  also  known.     After  the  maggots  had  grown,  ten  times  as  much 
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(at  was  found  in  them  as  had  been  contained  in  the  blood  and  eg 
together.  The  trifling  qiuintitv  of  sugar  in  the  blood  was  utterly 
inadequate  to  account  for  the  fat,  which  nitist  have  come  from  the 
proteids  nf  Ihc  blfM)d. 

Tliat  hi  the  higher  animals  also  fat  is  formed  from  proteids  und 
normal  ccmditions  is,  althougli  not  j^erhaps  strictly  proved,  ye 
extremply  iJ^robable.  A  dog  fed  fur  a  time  on  a  liberal  diet  of  1 
meat  may  }^o  on  L*xcreting  a  (iiiantity  of  nitrogen  equal  to  that  in  t 
food,  while  tlierc  is  a  deficiency  in  the  carbon  given  off.  Or  if  the 
doR  is  not  in  nitrogenous  equilibrium  (p.  4^})^  but  putting  on 
nitroRcn  in  the  form  af  '  flesh.'  the  deficiency  in  the  carbon  given  off 
may  be  ton  great  in  proportion  to  the  nitrogen  deficit  to  warrant  the 
assumption  that  all  the  retained  carbon  laas  been  put  on  in  the  form 
of  protcid.  In  either  case,  carbon  in  large  amount  can  only  come 
from  the  proteids  uf  the  food,  and  can  only  be  stored  up  in  the  body 
in  the  form  of  fat ;  for  lean  meat  contains  but  a  trifling  quantity  of 
carbon  in  any  other  proximate  principle  than  proteid,  and  the  non- 
proteid  carbon  of  the  animal  body  is  only  to  a  very  small  extent 
contained  in  carbo-hydrates  or  other  substances  than  fat. 

For  example,  in  an  experiment  of  Pettenkofcr  and  Voit  on 
34-kilo  dog  in  nitrogenous  eqiuHbrium,  with  a  diet  of  2,000  gramm 
of  lean  meat,  the  animal  on  the  first  day 


Took  in  in  the  tond 
( urine 

Gave  out  in  i  faeces 

(respiration 


Graiiinic^ 
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250-4  c 

39'9C 
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+  0*1  N 
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Here  the  nitrogen  of  the  body  remained  unaltered,  but  carbon 
was  put  on  to  the  extent  of  43  grammes,  or  17  percent,  of  the  amount 
in  tJic  food,  representing  about  58  grammes  of  fat.  It  is  very 
unlikely  that  the  whole  of  this  carbon,  or  even  the  greater  part  of 
it,  could  have  been  retained  as  glycogen.  For  43  grammes  of  carbon 
correspond  to  nearly  100  grammes  of  glycogen,  or  nearly  3  grammes 
per  kilo  of  body-weight  ;  and  there  is  nothing  to  indicate  that  such 
an  increase  in  the  glycogen  store  ever  takes  place  in  a  single  day. 
Pfliiger  has  criticised  Voit's  experiments,  and  has  endeavoured  to 
show  that  the  meat  given  to  the  animals  contained  enough  fat  to 
account  for  what  was  laid  on.  He  indeed  takes  up  the  position  that 
the  fat  of  the  body  comes  exclusively  from  the  carbo-hydrates  and 
fats  of  the  food,  and  not  at  all  from  the  proteids.  But  there  is  no 
doubt  that  in  this  he  has  gone  too  far. 

Some  quantitative  proofs  of  the  conversion  of  proteids  into 
fat  have  been  quoted.  Qualitative  indications  of  its  possi- 
bility and  of  its  actual  occurrence  are  numerous.  Such  are  the 
readiness  with  which  fatty  degeneration  occurs  in  the  tissues 
in  pathological  states  —  for  example,  after  poisoning  with 
phosphorus,  arsenic,  or  antimony :  the  accumulation  of  fat 
between  the  hepatic  cells  caused  by  phlorizdin,  which,  as  we 
know,  hastens  the  disintegration  of  proteids ;  the  fonnation  of 
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adipocere  (a  cheesy  substance,  rich  in  fatty  acids  united  with 
calcium  or  ammoniuni)  sometimes  seen  in  tload  bodies  which 
have  remained  a  long  time  under  water  or  m  moist  graveyards  ; 
the  formation  of  fat  in  the  cells  of  the  sebaceous  glands  ;  and 
the  transformation  of  the  cell -substance  of  the  mammary  glands 
into  the  fat  of  milk.  This  last  case  is  of  great  practicaJ  imfxir- 
tance,  for  it  explains  the  rule  which  experience  has  taught,  that 
a  woman  during  lactation  requires  an  excess  of  proteids  in  her 
food  corresponding  not  only  to  the  proteids,  but  also  to  the  fat 
given  off  in  the  milk. 

{2)  From  Carbo-hydrates. — It  lias  been  found  that  the  addi- 
tion of  proteid  to  a  diet  of  fat,  and  especially  to  a  diet  of  carbo- 
hydrale^  in  larger  amount  than  is  just  necessary  for  nitrogenous 
equilibrium,  leads  to  a  more  rapid  increase  in  the  carbon  deficit — 
that  is,  in  the  fat  put  on — than  if  the  minimum  quantity  of 
proteid  required  for  nitrogenous  equilibrium  had  been  given. 
From  this  it  is  inferred  that  the  carbonaceous  residue  of  the 
broken-down  proteid  is  shielded  from  oxidation  by  the  fat,  and 
to  a  still  greater  extent  by  the  carbo-hydrates,  and  so  retained 
in  the  body  as  fat.  And  it  is  certain  that  the  high  repute  of 
carbo-hydrates  as  fattening  aj^ents  is  in  part  due  to  their  taking 
the  place  of  proteids  and  fats  in  ordinary  '  current '  metabolism, 
and  so  allowing  body- fat  to  be  laid  down  from  these.  Voit, 
indeed,  has  gone  so  far  as  to  assert  that  this  is  the  only  sense  in 
which  carbo-hydrates  can  be  said  to  form  fat,  and  that,  in 
carnivorous  aiiimals  at  least,  a  direct  conversion  never  occurs. 
But  the  experiments  of  Rubner  have  shown  that  in  a  dog  fed 
with  a  diet  rich  in  carbo-hydrates,  and  containing  but  little  fat 
and  no  i>roteids  at  all,  the  carbon  deficit  was  greater  than  could 
be  accounted  for  by  the  proteids  being  broken  down  in  the 
body  and  the  fat  of  the  food.  In  the  pig  and  goose,  too,  the 
direct  formation  of  fat  from  carbo-hydrates  has  been  demon- 
strated. It  is  probable  that  the  carbo-hydrates  are  first  split 
up  to  some  extent,  and  that  the  fats  are  then  constructed  from 
their  decom]}osition  products,  oxygen  being  lost  in  tlie  process, 
since  fat  is  poorer  in  oxygen  than  cartx)-hydrate.  The  pro- 
duction of  wax  by  bees,  which  used  to  be  given  as  a  proof  of 
the  formation  of  fat  from  sugar,  is  not  decisive,  for  in  raw  honey 
proteids  are  present  ;  and  even  when  bees  fed  on  pure  honey  or 
sugar  manufacture  wax.  it  may  be  derived  from  the  broken- 
down  proteids  of  their  own  Iwdies. 

As  to  the  ultimate  fate  of  the  fat,  from  whatever  source  it 
may  be  derived,  our  knowli'dge  may  be  comprcsse<l  into  a  single 
sentence  ;  Sooner  or  lait'r  \l  is  split  and  oxidized  to  carbon  dioxide 
and  water,  its  tntrf;y  hdn^  converted  into  heat  or,  directly  or  in- 
dtrecily,  into  mechanical  or  chemical  work  ;  much  of  the  fat  absorbed 
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from  the  intestine  rapidly  undergoes  this  change  witJwiU  entering 
the  fat-celts  of  the  adipose  tissue. 

The  mcchani:>m  nf  this  transformation  is  no  better  understood 
than  that  of  tho  rarbo-hydrates  or  the  proteids.  Many  of  the 
tissues  contain  uUraccilular,  soluble,  (at-splitting  ferments, 
called  lipases,  especially  the  liver,  the  active  mammary  gland, 
and  the  intestinal  mucosa.  We  have  already  seen  tliat  there 
is  evidence  that  these  lipases,  like  some  other  enzymes,  have  a 
reversible  action.  They  are  either  (at-splitting  or  iat-forming 
ferments,  according  to  the  conditions  (Kastle  and  Loevenhart). 
The  perfectly  aseptic  blood  does  not  sjilit  ordinary  neutral  fats, 
although  ii  contains  a  ferment  which  splits  up  monobutyrin 
(glycerine  butyrate)  into  glycerine  and  butyric  acid. 

Summary. — At  this  ]ioint  let  us  smn  U])what  we  have  learnt 
as  to  the  relation  between  the  proximate  principles  of  Uie  tissues 
and  the  proximate  principles  of  the  food.  Inside  the  body  we 
recognise  represetUatives  of  the  three  groups  of  organic  food-sub- 
stances in  (I  typical  diet — proteids,  carbo-hydrates^  and  fats.  But 
we  should  greatly  err  ii  we  were  to  imagine  that  the  three  streams 
of  food-materials  have  fiowed  from  the  intestines  into  the  tissues 
each  in  its  separate  chaimel,  neither  giving  to  nor  taking  from 
the  others.  The  fats  of  the  body  may,  indeed,  in  part  be  composed  of 
molecules  which  were  present  as  fat  in  the  food  ;  hut  they  may  also 
be  formed  from  proteids,  and  from  carbo-hydrates.  The  carbo-hydrates 
of  the  body — the  glycogen  of  the  liver  and  muscles,  the  sugar  of  the 
blood  —  may  undoubtedly  be  derived  from  carbo-hydrates  in  the 
food,  hut  they  may  also  he  derived  from  proteids,  although  probably 
not  from  fats  {except,  perhaps,  from  their  glycerine  constituent). 
The  proteids  of  the  body  arise  solely  from  the  proteids  of  the  food  ; 
neither  fats  nor  carbo-hydrates  can  form  proteids,  although  both  can 
economize  them  and  shield  them  from  an  over-hasty  metabolism. 

4.  The  Income  and  Expenditure  of  the  Body — (1)  Income 
and  Expenditure  of  Nitrogen.— 

i^rctiiuiiiary  Data.—'V\\v  purpose  nf  fnod  is  In  maintain  the  con- 
stituents of  the  bnUy  upon  tlie  wliolt;  in  their  noritial  proportions. 
A  knowledge  of  the  chemical  composition  ol  the  botly  is.  therefore. 
an  important  datum  in  the  consideration  of  the  statistics  of  its 
metabolism.  The  body  of  a  man  analyzed  by  Volkmann  had  the 
following  composition  : 

/Water        ....     gj-^  per  cent. 
\Minera!  matter  -         -       4*4         „ 

Carbon        18*4  per  cent.\ 
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I 


4 
4 


Inorganic  substances 


Organic  substances 


Hydrogen    2*7 

Nitrogen 

Oxygen 


2-6 

6*o 


The  muscles,   the  adipo»c   tissue,   and   the  skeleton  fonn 
four-hiths  of  the  total  body-weight  in  the  adult.     The  foUouiug 
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tdble  shows  the  percentage  amount  of  each  of  these  tissues  in  a  maiu 
a  woman,  and  a  child  (Bischof!) : 


Um.          1       WoBiin. 

Nvw-bom 
OHM. 

Voluntary  muscles    - 
Adipose  tissue  - 
Skcletun    - 
Rest  of  body     - 

41-8                35'8 
182                28-3 
15-9                151 
341                309 

33-5 

"5*7 
473 

The  nitrogen  is  contained  chiefly  in  the  muscles,  glands,  and 
ner\*ous  system,  and  in  the  constituents  of  the  connective  tissues, 
which  yield  gelatin,  chondrin,  and  clastin.  The  proteids  make  up 
about  y  per  cent,  of  the  weight  of  the  body,  or  22  per  cent,  of  its 
solids ;  the  albuminoids  [gelatin-yielding  material,  etc.)  about 
6  per  cent,  of  the  boily-wcight.  Nitrogen  exists  in  proteids  to  the 
extent  of  16  per  cent.,  so  that  the  6-5  kilos  of  protcid  of  a  70-kiLto 
body  contain  about  \  kilo  of  nitrogen. 

The  carbon  is  contained  chiefly  in  the  fat,  which  forms  a  very 
large  proportion  of  the  water-free  substance  of  the  body,  and  in  the 
proteids.  A  small  amount  is  present  as  calcium  carbonate  in  the 
Dones.  In  the  body  of  a  strong  young  nuin  weighing  68*6  kilos, 
Voit  found  the  following  quantities  of  dry  fat  in  the  various  tissues  r 
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grammes. 


equivalent  to  t8  per  cent,  of  the  whole  body-weight,  or  44  per  cent, 
of  the  solids.  In  dry  fat  rather  more  than  75  per  cent,  of  carbon 
is  present,  and  in  proleid  about  50  to  55  per  cent.  ;  so  that  while 
the  fat  of  the  body  analysed  by  Voit  contained  more  than  g  kilos 
of  carbon,  only  about  a  third  <»f  this  amount  would  be  found  in  the 
proteids. 

In  the  fat  there  is,  roughly  speaking.  1 2  \tcx  cent,  of  hydrogen,  in 
proteids  only  7  per  cent.  :  so  that  from  three  to  four  times  as  much 
hydrogen  is  contained  in  the  fat  of  the  body  as  in  its  proteids. 

Oxygen  forms  about  12  pur  cent,  of  fat,  and  20  to  24  per  cent,  of 
proteids  ;  the  protcid  constituents  of  the  body,  therefore,  contain 
about  as  much  of  its  oxygen  as  the  fat. 

Of  the  inorganic  salts  calcium  phosphate,  Oi^ifPO^),  is  much  the 
most  abundant  owing  to  the  large  amount  of  it  in  bone,  in  the  ash 
of  which  it  is  found  to  the  extent  of  83  per  cent.,  along  with  13  per 
cent,  of  calcium  cnrbonate. 


Nitrogenous  Equilibrium.— It  is  a  matter  of  common  ex- 
|)erienct!  that  the  weight  of  the  Inxly  of  an  adult  may  remain 
approximately  constant  for  many  months  or  years,  even  when 
the  diet  varies  greatly  in  nature  and  amount.    And  not  only 
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may  the  weight  remain  constant,  hut  the  relative  proportion! 
of  tho  vari«us  tissues  of  the  body,  so  far  as  can  be  judgecJ,  may 
remain  constant  too.  Here  it  is  evident  that  the  expenditure 
of  the  body  niust  precisely  balance  its  income  :  it  must  lose  as 
much  nitrogen  as  it  takes  in,  otherwise  it  would  put  on  flesh  ; 
it  must  lose  as  much  carbon  as  it  takes  in,  otherwise  it  would 
put  on  fat.  Or,  again,  the  body  may  be  losing  or  gaining  fat, 
giving  off  more  or  less  carbon  than  it  receives,  while  its  *  flesh  * 
(its  proteid  constituents)  remains  constant  in  amount,  the 
expenditure  of  nitrogen  being  exactly  equal  to  the  income.  In 
both  cases  we  say  that  the  body  is  in  nitrogenous  equilibrium. 
A  staiA'ing  animal  or  a  fever  i>atient,  on  the  other  hand,  is 
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163. — Diagram  showing  Loss  op  Weight  of  the  Urcams  in 
Starvation. 


The  numbers  under  I.  are  the  percentage*  oi  the  total  bjs«  nf  body-weight 
borne  by  the  various  organs  and  tissues-  The  numbers  under  II.  give  the 
percentage  loss  of  weight  of  each  organ  calculated  on  its  original  weight  as 
indicdltd  by  comparison  with  the  organs  ot  a  similar  aiiim.^1  killed  in  good 
couditioa- 


living  upon    capital,    the   former  entirely,   the   latter   in   part 
the   expenditure   of   nitrogen    is   greater   than   the   income.     A 
growing  child  is  living  below  its  income,  is  increasing  its  caj>i(aJ 
of  flesh.     In  neither  case  is  nitrogenous  equilibrium  present. 

The  starving  animal,  as  long  as  life  lasts,  excretes  urea  and 
gives  off  carbon  dioxide  ;  but  its  expenditure,  and  esjKJciaily  its 
expenditure  of  nitrogen,  is  pitched  ujkju  the  lowest  scaJe.  It 
lives  penuriously,  it  spins  out  its  resources  ;  its  glycogen  goes, 
its  fat  goes,  a  certain  part  of  its  proteid  goes,  and  when  its  weight 
has  fallen  from  25  to  50  per  cent.,  it  dies.  At  death  the  heart 
and  central  nervous  system  are  found  to  have  scarcely  lost  in 
weight  ;  the  other  organs  have  been  sacrificed  to  feed  them. 
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Fig.  163  shows  the  percentage  loss  of  weight  and  the  proportion 
of  the  total  loss  which  falls  upon  each  of  the  organs  of  a  cat  in 
starvation  (Volt). 

For  the  first  day  '>f  starvation  the  excretion  of  urea  in  a  dog 
or  cat  is  nut  diminished  ;  it  takes  about  twenty-four  hours  for 
all  tlie  nitrogen  corrcsjwnding  to  the  proteids  of  the  last  meal 
to  be  eliminated.  On  the  second  day  the  quantity  of  urea  sinks 
abruptly  ;  then  begins  the  true  starvation  j>eriod,  during  which 
the  daily  output  of  urea  remains  constant  or  diminishes  very 
slowly  until  a  short  time  before  death,  when  it  rapidly  falls, 
and  soon  ceases  altogether.    An  increase  in  the  excretion  may 

precede   the    final     _^ 

abrupt  decline  (pre- 
mortal increase). 
This  seems  to  indi- 
cate the  time  at 
which  all  the  avail- 
able fat  has  been 
used  up,  and  after 
which  proteid  is  no 
longer  '  spared  '  by 
the  fat.*  If  the 
animal  has  little  fat 
in  its  body  to  begin 
with,  the  rise  in  the 
urea  excretion  takes 
place  even  after  the 
first  few  days.  So 
long  as  the  fat  lasts, 
the  rate  at  which 
it  is  destroyed — as 
estimated  from  the 
amount  of  carbon 
given  off  msnus  the 

carbon  corresponding  to  the  broken-down  proteids — remains  very 
nearly  constant  after  the  first  day.  The  fat  to  a  certain  extent 
economizes  the  proteids  of  the  starving  body,  but  however  much 
fat  may  be  present,  a  steady  waste  of  the  tissue- proteids  goes 
on.  And  if  non-nitrogenous  food  in  the  form  of  sugar  is  sup- 
plied to  an  otherwise  starving  animal,  the  premortal  rise  in  the 
nitrogen  excretion  does  not  occur. 

Tlie  results  obtained  on  fasting  men  differ  in  some  respects 


Fig.    if>4.— lixcHF.rioN    of    Ukba    iw   Stakvatiok. 

A  is  a  curve  nprescntiag  the  quantity  of  urea 
excreted  daily  by  a  (at  dni;  in  a  starvation  period 
nf  sixty  da)*).  B  U  the  curve  of  urea  excretion  ia 
a  lean  youug  dog  in  a  starvatiou  period  of  twenty- 
four  days.  Both  are  constructed  from  Falck's 
numbers,  but  in  A  only  every  third  day  is  put  in, 
in  order  to  save  space.  The  numbers  along  the 
\*ertical  axis  represent  grammes  of  urea ;  those 
along  the  horixontal  axis  days  from  the  beginning 
of  starvation. 


*  n  the  animal  has  been  for  some  time  on  a  diet  containing  an  abuxi- 
d*nc«  o(  proteids.  several  days  may  elapse  before  the  constant  excretion  of 

' is  reached  ;  it  the  previous  diet  has  been  poor  in  proteid.  the  constant 

Ltiou  output  may  be  at  once  vstabli^iheil, 
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from  those  obtained  on  starving  animals.  In  ten  days  of  hunger. 
Cetti,  a  professional  '  fasting  man  '  of  meagre  habit,  excreted 
112  gramnu's  nitrogen,  or  an  average  of  ii  grammes  a  day. 
The  excretion  was  least  on  the  eighth,  ninth,  and  tenth  days — 
namely,  abmit  (j  grammes  a  day.  On  the  third  day  it  w 
hi|;her  than  on  the  second,  snd  almost  as  high  on  the  fourth 
on  the  third.  A  similar  rise  in  the  nitrogen  excretion  on  t 
second  day  has  been  observed  in  other  fasting  men,  but 
either  rare  or  absent  in  fasting  dogs.  Tlie  explanation  appar- 
ently is  that  in  the  ordinarj^  food  of  man  there  is  a  greater 
abundance  of  carbo-hydrates  and  fats,  the  proteid-sparing  action 
of  which  is  most  pronounced  at  the  very  beginning  of  the  starva- 
tion jjeriod.  The  quantity  of  chlorine  and  alkalies  in  the  urine 
was  also  diminished,  while  the  ])henol  was  increased.  The 
respirator)'  quotient  sank  to  0'6r>  to  069 — even  less  than  t 
quotient  corres]>onding  to  oxidation  of  fats  alone.  Tlie  mca 
ing  of  this,  in  all  probahihty,  is  that  some  of  the  carbon  of  t 
broken-down  proteids  was  laid  up  iji  the  body  as  glycogi 
(Zuntz).  In  another  professional  fasting  man  (Succi)  with 
considerable  amount  of  body-fat,  the  excretion  of  nitrogen  w 
found  to  diminish  continuously  during  a  fast  of  thirty  da 
being  less  tlian  7  grammes  on  the  tenth  day,  and,  what  see 
almost  incredible,  not  much  over  3  grammes  on  the  last  day. 
The  surprisingly  small  nitrogenous  waste  in  this  case  is  perhaps 
to  be  accounted  for  by  the  proteid-s^*anng  action  of  the  abiin- 
dant  Ixidy-fat.  The  nitrogenous  metabolism  has  also  been 
investigated  during  long-continued  hypnotic  sleeji  {Hoover  ani 
SoUmann).  The  results  were  very  much  the  same  as  in 
ordinary  starx'ation  experiment. 

It  might  be  siipposed  that  if  an  animal  was  given  as  mu- 
nitrogen  in  the  food  in  the  form  of  proteids  as  correspond 
to  its  daily  loss  of  nitrogen  during  starvation,  this  loss  would 
be  entirely  prevented,  and  nitrogenous  equilibrium  restored. 
The  supposition  would  be  very  far  from  the  reality.  If  a  dog 
of  30  kilos  weight,  which  on  the  tenth  day  of  starvation  excreted 
11-4  grammes  urea,  had  then  received  a  daily  quantity  of  pro- 
tcid  equivalent  to  this  amount — that  is  to  say,  alnjut  34  grammes 
of  dry  protcid,  or  175  grammes  of  lean  meat — the  excretion  of 
nitrogen  would  at  once  have  leaped  up  to  nearly  double  its 
starvation  value.  If  the  quantity  of  proteid  in  the  diet  was 
progressively  increased,  the  output  of  urea  would  increase  along 
with  it,  but  at  an  ever-slackening  rate  ;  and  at  length  a  con- 
dition would  be  reached  in  which  the  income  of  nitrogen  exactly 
balanced  the  expenditure,  and  the  animal  neither  lost  nor  gained 
flesh.  In  an  experiment  of  Voit's,  for  instance,  the  calculat 
loss  of  flesh  in  a  dog  with  no  food  at  all  was  190  grammes  a  da; 
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The  animal  was  now  fed  on  a  gradually  increasing  diet  of  lean 
meat,  with  the  following  result ; 
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The  loss  of  nitrogen  in  the  urine  and  fa»ces  is  what  was  measured. 
Knowing  the  average  composition  of  '  body-flesh  '  (muscles,  glands, 
etc.),  it  is  easy  to  traaslate  resiilts  stated  in  terms  of  niiroj*cn  into 
results  staled  in  terms  of  '  flesh.'  Mnsrle  contains  approximately 
y^  l>er  cent,  of  nitrogen.  Here,  with  a  diet  of  4S0  grammc*i  of  meat, 
the  dog  w.vs  still  losing  a  little  flesh ;  it  would  jwobably  have  required 
from  500  to  600  grammes  for  equilibrium.  The  rcisults  are  graphi- 
cally represented  in  Fig.  165, 

The  quantity  of  proteid  food  necessary  for  nitrogenous 
equilibrium  varies  with  the  condition  of  the  organism  ;  an 
emaciated  Inxly  requires  less  than  a  muscular  and  well-nourished 
body.  The  least  quantity  which  wotdd  suffice  to  maintain 
in  nitrogenous  equilibrium  the  famous  35  kilo  dog  of  Voit, 
even  in  very  meagre  condition,  was  480  grammes  of  lean  meat, 
corresponding  to  16  grammes  of  nitrogen,  or  35  grammes  of 
urea — that  is,  about  three  times  the  daily  loss  diuing  starva- 
tion. From  this  lower  limit  up  to  2.500  grammes  of  meat  a 
day  nitrogenous  equilibrium  could  always  l>e  attained,  the 
animal  putting  on  some  flesh  at  each  increase  of  diet,  until  at 
length  the  whole  2,500  grammes  was  regularly  used  up  in  the 
twenty-four  hours.  A  further  increase  was  only  checked  by 
digestive  troubles.  A  man,  or  at  least  a  civilized  man,  can  con- 
sume a  much  smaller  amount  both  absolutely  and  in  proportion 
to  the  body-weight.  Rubncr,  with  a  body-weight  of  72  kilos, 
was  able  to  digest  and  absorb  over  1,400  grammes  of  lean  meat  ; 
Kanke,  with  alx)ut  the  same  body-weight,  could  only  use  up 
ii3o<>  grammes  on  the  ftrst  day  of  his  exj^erinient,  and  less  thin 
1,000  grammes  on  the  third. 

So  much  for  a  purely  proteid  diet.  When  fat  is  given  in 
addition  to  proteid,  nitrogenous  equilibrium  is  attained  with 
a  smaller  quantity  of  the  latter  (7  to  15  ix^r  cent.  less).  A  dog 
which,  with  proteid  food  alone,  is  putting  on  flesh,  will  put  on 
more  of  it  hetorc  nitrogenous  equilibrium  is  reached  i(  a  con- 
siderable quantity  of  fiit  W.  added  ♦r  '^reforc, 
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economizes  proteid  to  a  certain  extent,  as  we  have  already 
recognised  in  the  case  of  the  starving  animal.  On  the  other 
hand,  when  proteid  is  given  in  large  quantities  to  a  fat  anima^^ 

the  consumption  of  fat  is  increase<ji^| 
and  if  the  lond  ront^iins  little  or  none, 
thf  body- fat  will  diminish,  while  at 
tht'  -^(.me  time  '  flesh  '  may  be  put  on. 
The  Banting  cure  for  corpulence  con- 
sists in  putting  the  patient  u|>on  a  diet 
containing  much  proteid,  but  little  fat 
01  carbo-hydrate  ;  and  the  fact  just 
mentioned  throws  light  upon  its  action. 

AU   that  wc   have  here  s^iid   of   fat   is 
Inie  of  carbo  hydrates.    To  a  great  extent 
these  two   kinds  uf   food  substances  at^^ 
complementary.      Carbo-hydrates  ecotw^H 
niizc  proteids  as  fat  docs,  but  to  a  great^^H 
extent,  and  they  also  economize   fat,  so 
that  when  a  sufficient  quantity  of  starch 
or  sugar  is  given  to  an  otherwise  starving 
animal,  all  loss  of  carbon  from  the  body, 
except  th:it  which  goes  off  in  the  urea 
still  excreted,  can  be  prevented.   Of  course 
the  animal  ultimately  dies,  because  the 
continuous,    though   diminished,   loss    of 
proteid  cannot  bo  made  good. 
Fig.-    165.  —  Curves     com-         It  is  only  accessary'  to  add  tliat  iwptoi 
STRUCTKD   TO    ILLUSTRATE     Kin,  whilc' gclatiu  cannot.  Completely 
Nitrogenous        Equiliii.     p^,-^.   j^c   natural    proteids  in    the    fo. 
RivM    (FROM    AN    ExPERi-     p„],y  fivc-sixths,  howcvcr.  of  thc  nco 
MtNT  OP  voits).  ^^y   nitrogen    may    be    obtained    froL 

The  loss  of  Bcsh  in  grammes     gelatin,  at  least  for  a  few  days  (Munk) 
islaid^alQiiBthehoriEont.-il     ^o  that  gelatin  economizes  proteid   in 
axis-    The   mcomc   and   ex-     ^^^^  greater  degree  than  fat  and  carl 
^tn^'^L'^^ZtoV^^     hydratlsdo. 

r^TZ^nJ  :.^'i\JZ'        The   Laws   of   Nitrogenous  Meta- 

tinuoiis  curve  is  thc  curve  uf  bolism. — Withm    the    UmitS    Ol    nitro- 

incomc ;  thc  datted  curve,  of  genotis  equiUbrium.  which  is  the  normal 

:;;rf;'rihc  «pc„mrurc'"i;  ft^tc  of   the   hcalthy  adult^  the  bodx 

190  grammes:  with  an  in-  hves  up  to  its  mtome  of  nitiogen 

come  of  .(«o  grammes   thc  lays  by  nothing  for  the  future.     Ii^^l 

rxpendiinre  i.j^z  and  th.  actual'piuch  of  starx'ation  the  organis 

loss      12      grammes.      NUro-  ^  ,  ,      1  ■      t     °7,« 

gcnous  equilibrium  is  repre-  becomes  suddenly  economical,  when 
sented  as  being  rearhrd  with  a  plentiful  supply  of  proteid  is  pre- 
^',„^.«rh«e1h.t:'„/v'«  ^nted  to  the  starving  tissues,  toey 
cut  one  another.  pass  at  oncc  from   extreme  frugality 

to  luxury ;  some  flesh  may  be  put 
on  for  a  short  time,  srmie  nitrogen  may  be  stored  up  ;  hut 
the  tissues  soon  pitch  their  wants  to  the  new  scale  of  supply 
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and  spend  their  proteid  income  as  freely  as  they  receive  it. 
This  is  the  first  great  law  o(  nitrogenoiu  metabolism,  and  we  may 
formulate  it  thus  :  Consumptioiv  of  proteid  is  largely  determined 
by  supply  (Practical  Kxercises,  p.  534). 

Various  hypotheses  liavc  been  offered  to  explain  tliis  remarkable 
fact.  It  has  been  suggested  that  a  large  proportion  of  a  heavy 
proteid  meal,  broken  up  into  the  amino-acids  (leucin.  tyrosin,  etc.), 
and  other  products  in  the  alimentary  canal,  may  pass  by  this  short- 
cut lo  the  stage  of  urea  without  ever  joining  the  proteid  of  the  blood, 
much  less  that  of  the  organs.  This  would  tx;  a  form  of  tniL'  htius- 
consumptton,  of  really,  and  not  apparently,  wasteful  exjienditure. 
The  surplus  proteids  would  be  shunted  out  of  the  main  metabolic 
current  at  its  very  source  ;  and  it  is  conceivable  that  m  such  a 
short-cut  from  proteid  to  urea  we  might  have  a  kind  of  physiological 
safety-valve  to  protect  the  tissues  from  the  burden  of  an  excessive 
metabolism.  But  we  liavc  already  seen  that  whetlicr  such  a  process 
occurs  to  any  great  extent  in  normal  digestion  or  not.  it  bears  a 
different  interpretation,  these  decomposition  products  being  again 
built  up  into  the  serum  and  organ  proteids.  in  the  metabolism  of 
which  urea  is  aftenvards  formed  (pp.  301.  36*)). 

Then,  again,  it  lias  been  said  that  the  luxus-consuroption  takes 
the  form  of  oxidation  of  the  surplus  proteids  in  the  blood  and  lymph. 
Here  the  shunting  would  take  place  farther  down  the  stream,  but 
still  high  enough  up  to  shield  the  tissue  elements  from  excessive 
metabolic  work.  This  theory  of  luxus-consumption  breaks  down, 
however,  under  the  accumulating  evidence  that  the  oxidative 
changes  go  on  chiefly  in  the  hving  cells  and  not  in  the  extnicellular 
fluids. 

Wo  seem  driven  to  locate  the  metabolism  of  actually  absort>ed 

Eroteids.  as  well  as  of  other  Uyo<\  substances,  within  the  cells  of  the 
ody  ;  and  there  are  three  chief   views  as  to  the  manner  of  this 
metabolism  : 

(a)  That  the  actual  protoplasmic  sutwtance,  the  hving  framework 
of  the  cell,  is  comparatively  stable  ;  that  it  does  not  break  down 
rapidly  ;  and  that  only  a  relatively  small  and  fairly  constant  amount 
of  food-  or  circulating-protcid  is  required  to  supply  the  waste  of  the 
organ-proteid.  It  is  assumed  that  the  greater  part  of  the  former, 
without  being  incorporated  with  the  protoplasm,  is  nevertheless  acted 
upon,  rendered  unstable,  shaken  to  pieces,  as  it  were,  by  the  whirl 
of  Ufc  in  the  organized  framework,  the  interstices  of  wliich  it  fills. 

(6)  That  we  have  no  right  to  draw  a  distinction  between  the 
consumption  of  or^an-  and  circulating-proteid  ;  that  the  whole  of  the 
latter  ultimately  nse5  to  the  height  of  organ-proteid,  and  passes  on 
to  the  downward  stage  of  metAbolism  only  through  tlic  topmost  step 
of  organization.  .\n  incre^Lse  in  the  supply  of  nitrogenous  material 
in  the  blood  must,  on  this  view,  be  accompanied  with  an  increased 
tendency  to  the  break-up.  the  dissociation,  as  Pfluger  puts  it.  of  the 
Jiving  substance.  The  actual  ctrganized  elements,  however,  the 
existing  colts,  are  not  supposed  to  be  destroyed  ;  the  building 
remains,  for  although  stones  are  constantly  crumbling  in  its  v^'alls, 
others  are  bemg  constantly  built  in. 

(c)  That  the  tissue  elements  themselves  are  shorl-Uvcd  ;  that  the 
old  cells  disappear  bodilv  and  are  replaced  by  new  cells  ;  and  that 
the  whole  of  the  proteids  of  the  food  take  part  in  this  process  of 
total  ruin  and  reconstruction. 
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Histological  evidence  is  strongly  against  (c).  Although  the  cells 
of  certain  glands,  such  as  the  mammary,  sebaceous,  and  perhaps  tbe 
mucous  glands,  are  known  to  break  down  bodily  as  an  incident  of 
functional  activity,  in  most  organs  there  is  no  proof  of  the  production 
of  new  cells  on  the  immense  scale  which  this  theory  would  require. 
There  is  but  little  evidence  which  would  enable  us  to  decide  with 
confidence  between  {a)  and  (6),  although  the  observation  of  Munk, 
that  a  dog  fed  with  proteids  and  carbo-hydrates  after  a  thirty  days' 
fast  used  up  less  proteid  than  the  minimum  in  starvation,  certainly 
suggests  that,  under  those  conditions  at  least,  the  proteids  of  thic 
food  were  all  built  up  into  the  protoplasm  of  the  tissues.  The  fact 
that  very  soon  after  the  introduction  of  proteids  (as  well  as  of  other 
food  substances)  into  the  bUxxl  the  increased  metabolism  of  them 
begins,  is  not  of  itself  sufficient  to  sliow  that  they  arc  destroyed 
without  being  built  up  intt>  the  protoplasm.  For  the  protoplasm 
may  have  tlie  |>ower  of  rapidly  assimilating  the  proteid  in  the 
presence  of  an  abundant  su]>|)ly,  and  of  rapidly  breaking  down  at  the 
same  time. 

.1  second  lute  of  tntrof^emuis  mefttholism  is  that  within  normal 
limits  it  is  neariy  independent  of  tmtseular  work — that  is  to  say, 
the  (puiiitity  of  iiitiogon  excreted  by  a  man  on  a  given  diet  is 
practically  the  same  whether  he  rests  or  works.  Before  this 
was  known  it  was  maintained  by  Liebig  that  proteids  alone  could 
supply  the  energy  "f  muscular  contraction — that,  in  fact,  pro- 
teids were  solely  usetl  up  in  the  nutrition  and  functional  activity 
of  the  nitrogenous  tissues,  while  the  non-proteid  food  yielded 
heat  by  its  oxidation.  As  exact  experiments  multiplied,  it 
was  foimd  that  muscular  work,  the  [>roduction  of  which  is  the 
function  ol  hy  lar  tlie  greatest  mass  of  |>roteid-containing  tissue, 
hatl  little  (H  no  clTcct  upon  ilic  cxcrt'ticm  of  urea  in  the  urine. 
More  than  this,  it  was  sh4)wn  that  a  certain  amount  of  work 
ac(C)nipli-ihr{l  (by  l*"ick  and  Wisliceniis  in  climbing  a  mountain) 
on  :i  noii-nitro^'cnous  diet  had  double  the  heat  equivalent  of 
the  wholi'  oi  the  proteid  consumed  in  the  body,  as  estimated  by 
the  nnsi  excreted  during,  and  lor  a  i^iven  time  after,  the  work- 
On  the  as>timption  tliat  all  the  urea  corresponding  to  the  pro- 
teid broken  down  was  rliminati-d  durin^^  the  time  of  this  experi- 
ment, a  part  at  least  i>t  the  woru  must  have  been  derived  from 
the  cneri^y  ol  non-nitroi^^Mious  niatirial.  And  the  increase  in 
the  carbon  <lioxide  givrn  off.  which  is  as  cfmspicuous  an  accom- 
paniment of  n)uscular  work  as  the  constancy  of  the  urea  excre- 
tion, showed  that  duiin^  muscular  exertion  carbonaceous 
substances  other  than  proteids-  that  is  to  say,  fats  and  carbo- 
liydratcs-   arc  oxidi/rd  in  f^natci  amount  tlian  duiing  rest. 

So  tin*  ]»cndidum  ol  phvsioloj^iral  oilliodoxv  came  full-swing 
to  the  t)thcr  side.  Liebig  an<l  his  school  had  taught  that  pro- 
teids alone  wen-  consumed  in  Junctional  activity  ;  the  majority 
(►f  later  ]>liysiologist^  have  denied  to  the  proteids  any  share 
whatever  in  the  energy  which  apjKrars  as  nmscular  contraction. 
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The  proteids,  they  say,  '  repair  the  slow  waste  of  the  frame- 
work of  the  muscular  machine,  replace  a  loose  rivet,  a  worn-out 
belt,  a-s  occasion  may  require  ;  the  carbo-hydrates  and  fats  are 
the  fuel  which  feeds  the  furnaces  of  hfe^  the  material  wliicli,  dead 
itself,  is  oxidized  in  the  interstices  of  the  living  substance,  and 
yields  the  energy  for  its  work.' 

Now,  it  is  a  singular  circumsttince,  and  full  of  instruction  for 
the  ingenuous  student  of  science,  that  the  facts  which  have  been 
supposed  absolutely  to  disprove  the  older  theory,  and  absolutely 
to  establish  its  modern  rival,  do  neither  the  one  thing  nor  the 
other.  The  fact — and  it  is  a  fact — that  the  excretion  of  nitrogen 
is  but  little  affected  by  muscular  contraction,  does  not  prove 
that  none  of  the  energy  of  muscular  work  comes  from  proteids ; 
the  fact  that,  under  certain  conditions,  some  of  the  musciilai 
energy  must  apparently  come  from  non-nitrogenous  materials, 
does  not  prove  that  these  are  the  normal  source  of  it  all.  The 
distinction  has  again  been  made  too  absolute.  The  pendulum 
must  again  swing  back  a  little ;  and  the  recent  experiments 
of  Pfliiger  and  others  have  actually  set  it  moving. 

In  the  tirst  place,  it  is  not  perfectly  correct  to  say  that  work 
causes  no  increase  in  the  excretion  of  nitrogen  ;  excessive  work 
u\  man,  and  work,  severe  but  not  excessive,  in  a  tiesh-fod  dog 
(Pfliigcr),  do  cause  somewhat  more  nitrogen  to  be  given  off. 
On  the  first  day  of  work  the  increase  is  always  much  less  than 
on  the  second  and  third  ;  and  on  the  first  and  second  rest  days, 
following  work,  the  elimination  of  nitrogen  is  still  increased. 
After  excessive  exercise  in  man  not  only  is  the  urea  increased, 
but  also  the  ammonia,  kreatinin.  and  if  the  subject  is  in  poor 
training,  the  uric  acid  and  purin  bases  (Paton,  Stockman,  etc.). 
Moderate  exercise  caitses  no  increase  on  the  first  day,  but  a 
slight  increase  on  the  second. 

In  the  second  place,  even  if  the  excretion  of  nitrogen  were 
entirely  unaffected  by  work,  this  would  not  prove  that  none  of 
the  energy  of  the  work  comes  from  proteids.  For  the  animal 
body  is  a  l>eautifullybalauced  mechanism  which  constantly 
adapts  itself  to  its  conditions.  If  it  saves  protcitls  by  the  use 
of  lat  and  carbo-hydrates  when  its  nitrogenous  food  is  restricted 
or  its  organ-proteid  ruivs  low,  it  may  also,  when  called  upon  to 
labour,  save  proteids  from  lower  uses  to  devote  them  to  muscular 
contraction.  In  tliis  case  the  excretion  of  nitrogen  would  not 
necessarily  be  altered  ;  the  proteids  which,  in  the  absence  of 
work,  would  have  been  oxidised  withiji  the  muscular  substance 
or  elsewhere,  their  energy  apjxraring  entirely  as  heat,  may,  when 
the  call  for  proteid  to  take  the  plav:u  of  tliat  broken  down  in 
muscular  contraction  ari**'^  ■'•ted  to  this  purpose. 

Thirc  d  on  lean  meat  may 
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go  on  for  a  long  time  performing  far  more  work  than  can  be 
jaelded  hy  the  energy  of  fat  and  carbo-hydrates  occmring  in 
traces  in  the  food,  or  taken  from  the  stock  in  tlie  animal's  body 
at  the  beginning  of  the  period  of  work.  A  large  portion,  an' 
perhaps  the  whole,  of  the  work,  mxist  in  this  case  be  derived 
from  the  energy  of  the  proteids  (Pfluger).  On  the  other  hand, 
it  is  wcli  established  that  when  fats  and  carbo-hydrates  are 
present  in  sulhcient  quantity  in  the  tissues  or  the  food,  they 
constitute  the  main  source  of  the  energy  of  muscular  contrac* 
tion  {p.  587). 

Experience  has  shown  that  the  minimum  quantity  of  nitrogen 
required  in  the  food  of  a  man  whose  daily  work  involves  hard 
physical  toil  is  higher  than  the  minimimi  required  by  a  person 
leading  an  easy.  sedentai*y  life.  This  is  evidently  in  accordance 
with  the  view  that  proteid  is  actually  used  up  in  muscular  con- 
traction ;  but  it  is  not  inconsistent  witli  the  opposite  view.  For 
the  body  of  a  man  ftt  for  continuous  hard  labour  has  a  greater 
mass  of  muscle  to  feed  than  the  body  of  a  man  who  is  only  fit 
to  handle  a  composing-stick,  or  drive  a  quill,  or  ply  a  needle  ; 
and  the  greater  the  muscular  mass,  the  greater  the  muscular 
waste.  But  if  an  animal  just  in  nitrogenous  equilibrium  on  a 
diet  of  lean  meat  when  doing  no  work  is  made  to  labour  day 
after  day,  it  will  lose  f^csh  vuiless  the  diet  be  increased.  This 
must  mean  that  some  of  the  proteid  is  being  diverted  to  mus- 
cular work,  and  that  the  balance  is  not  sufficient  to  keep  up  the 
original  mass  of  '  flesh  '  (see  p.  480). 

(2)  Income  and  Expenditure  of  Carbon. — This  division  of 
the  subject  has  been  necessarily  referred  to  in  treating  of  the 
nitrogen  balance-sheet,  and  may  now  be  formally  completed. 

Carbon  Equilibrium. — A  body  in  nitrogenous  equiUbriiun 
may  or  may  not  be  in  carbon  equilibrium.  It  has  been  re- 
peatedly pointed  out  that  the  continued  loss  or  gain  of  carbon 
by  an  organism  in  nitrogenous  equilibrium  means  the  loss  or 
gain  of  fat ;  and,  since  the  quantity  of  lat  in  the  body  may  vary 
within  wide  limits  without  harm,  carbon  equilibrium  is  less 
important  than  nitrogen  equilibrium.  It  is  also  less  easily 
attained  when  the  carbon  of  the  food  is  increased,  for,  although 
the  consmnption  of  fat  is  to  a  certain  extent  increased  with  the 
supply  of  fat  or  fat-jnoducing  food,  there  is  by  no  means  the 
same  prompt  adjustment  of  e.xjienditure  to  income  in  the  case 
of  carbon  as  in  the  case  of  nitrogen. 

Carbon  equilibrium  ran  be  obtained  in  a  flesh-eating  animal, 
like  a  dog,  with  an  exclusively  proteid  diet  ;  but  a  far  higher 
minimum  is  required  than  for  nitrogenous  equilibrium  alone. 
Voit's  dog  required  at  least  1,500  grammes  of  meat  in  the  twenty- 
four  hours  to  prevent  his  body  Irom  losing  carbon.     For  a  man 


N 
4 


I 


AfETABOUSAf,  NUTRITION  AND  DIETETICS 


473 


weighing  70  kilos,  the  daily  excretion  of  carbon  on  an  ordinary 
diet  is  250  to  300  grammes.  AlK>ut  2,000  grammes  of  lean 
meat  would  be  required  to  yield  this  quantity  of  carbon  ;  and, 
even  if  such  a  mass  could  be  digested  and  al)sorbed,  more  than 
three  times  the  necessary  nitrogen  would  be  thrown  upon  the 
tissues. 

Not  only  may  carbon  equilibrium  be  maintained  for  a  short 
time  in  a  dog  on  a  diet  containing  fat  only,  or  fat  and  carbo- 
hydrates, but  the  exi>enditure  of  carbon  may  be  less  than  the 
income,  and  fat  may  be  stored  up.  But,  of  couise,  if  this 
diet  is  continued,  the  animal  uttimatcly  dies  of  nitrogen 
starvation. 

So  far  we  have  spoken  only  of  the  income  and  expenditiu^ 
of  carlx)n  and  nitrogen  ;  and  from  these  data  alone  it  is  possible 
to  deduce  many  imjxirtant  facts  in  metabolism,  since,  knowing 
the  elementary  composition  of  proteids,  fats,  and  carbo-hydrates, 
we  can,  on  certain  assumptions,  translate  into  terms  of  proteids 
or  fat  the  gain  or  loss  of  an  organism  in  nitrogen  and  carbon, 
or  in  car!>oii  alone.  But  the  hydrogen  and  oxygen  contained  in 
the  solids  and  water  of  the  food,  and  the  oxygen  taken  in  by 
the  lungs,  are  just  as  important  as  the  carbon  and  nitrogen  ;  it 
is  just  as  necessary  to  take  account  of  them  in  drawing  up 
a  complete  and  accurate  balance-sheet  of  nutrition.  Fortu- 
nately, however,  it  is  permissible  to  devote  much  less  time  to 
them  here,  for  when  we  have  determined  the  quantitative 
relations  of  the  absorption  and  excretion  of  the  carbon  and 
nitrogen,  we  have  also  to  a  large  extent  determined  those  of  the 
oxygen  and  hydrogen. 

(3)  Income  and  Expenditure  of  Oxygen  and  Hydrogen. — 
The  oxygen  absorbed  as  gas  and  in  the  solids  of  the  ftxxi  is  given 
off  chiefly  as  carbon  dioxide  by  the  lungs  ;  to  a  small  extent  as 
water  by  the  lungs,  kidneys,  and  skin  ;  and  as  urea  and  other 
substances  in  the  urine  and  faeces.  The  hydrogen  of  the  solids 
of  the  food  is  excreted  in  part  as  urea,  but  in  far  larger  amount 
as  water.  The  hydrogen  and  oxygen  of  the  ingested  water 
I>ass  off  as  water,  witliout,  so  far  as  we  know,  undergoing  any 
chemical  change,  or  existing  in  any  other  form  within  the  IxKly. 
But  it  is  important  to  recognise  that  although  none  of  the  water 
taken  in  as  such  is  broken  u)>.  some  water  is  manufactured  in  the 
tissues  by  the  oxidation  of  hydrogen.  We  have  already  con- 
sidered (p.  213)  the  gasfous  exchange  in  the  lungs,  and  we  have 
seen  that  all  the  oxygen  takt-n  in  does  not  reappear  as  carbon 
dioxide.  It  was  stated  there  that  the  missing  oxygen  goes  to 
oxidise  other  elements  tl»an  carbon,  and  especially  to  oxidixc 
hydrogen.  We  have  now  to  exphiin  more  fully  the  cause  of 
this  oxygen  debcit. 
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The  Oxygen  Deficit. — The  carbo-hydrates  contain  in  themaelvq 

enough  oxygen  to  form  water  with  all  their  hydrogen  ;  they  account 
for  a  piirt  of  the  water-iormation  in  the  body,  but  for  none  of  the 
ojcygen  deficit. 

The  fats  are  very  different  ;  their  hydrogen  can  be  nothing  Uke 
completely  oxidized  by  their  oxygen.  A  gramme  of  hydrogen  is 
contained  in  8*5  grammes  of  dry  fat,  and  needs  8  grammes  of  oxyge 
for  its  complete  combustion.  Only  i  gramme  of  oxygen  is  yielded 
by  the  fat  itst^ll  ;  so  that  if  a  man  uses  u>j  grammes  of  lat  in  twenty- 
four  hours,  rather  more  than  80  grammes  of  the  oxygen  taken  in 
must  go  to  oxidi«c  the  hydrogen  of  the  fat. 

The  proteids  also  contribute  to  the  deficit.  In  lOO  grammes  of 
dry  proteids  there  are  15  grammes  of  nitrogen,  7  grammes  oi' 
hydrogen,  and  21  grammes  of  oxygen.  The  carbon  docs  not  concern 
us  at  present.  The  33  grammes  of  urea,  corresponding  to  100 
grammes  of  proteid,  contain  1  5  grammes  of  nitrogen,  a  httle  more 
than  2  grammes  of  hydrogen,  and  a  little  less  tliin  g  grammes  of 
oxygen.  There  remain  5  grammes  of  hydrogen  and  1 2  grammes  of 
oxygen.  But  5  grammes  of  hydrogen  neetl  for  complete  combustion 
40  grammes  of  oxygen  ;  therefore  28  grammes  of  the  oxygen  takea 
in  must  go  to  oxidize  the  hydrogen  of  kx>  grammes  of  proteid. 
Taking  140  grammes  of  proteid  as  the  amount  m  a  hberal  diet  for 
a  man,  we  get  30  grammes  as  the  required  quantity  of  oxygen.  Tliis, 
added  to  the  80  grammes  needed  for  the  hydrogen  of  the  fat,  makes  a 
total  of,  say,  120  grammes,  equivalent  to  about  85  litres  of  oxygen. 
A  small  amount  oroxygcn  also  goes  to  oxidize  the  sulphur  of  proteids. 

With  a  diet  containing  less  (at  and  proteid  and  more  carbo- 
hydrate, the  oxygen  deficit  would  of  course  be  less. 

The  Production  of  Water  in  the  Body. — One  gramme  of  hydrogca 
conesponds  to  g  grammes  of  water.  In  140  gran\mcs  of  proteids 
and  100  grammes  of  fat  there  arc,  in  round  numbers,  22  grammes 
of  hydrogen  ;  in  350  grammes  of  starch,  21*5  grammes.  With  this 
diet,  43' 5  gnimmcs  of  hydrogen  arc  oxidized  to  water  within  the  body 
in  twenty- four  hours,  corresjionding  to  a  water- product  ion  of  391 
grammes,  or  i  5  to  20  per  cent,  of  the  whole  excretion  of  water.  It 
has  been  observed  that  during  starv.ition  the  tissues  sometimes 
become  richer  in  water,  even  when  none  is  drunk.  The  only  explana- 
tion is,  that  the  elimination  of  water  does  not  keep  pace  with  the 
rate  at  which  it  is  produced  from  the  hydrogen  of  tlie  broken-duwn 
tissue-substances,  or  set  free  from  the  solids  with  wluch  it  is 
(physically  ?|  united. 

Inorganic  Salts. ^The  inorganic  salts  of  the  excreta,  like 
the  water,  are  for  the  most  part  derived  from  the  salts  of  the, 
food,  which  do  not  in  general  undergo  decomposition  in  the  I 
body.  A  portion  of  the  chlorides,  however,  is  broken  up  to 
yield  the  hydrochloric  acid  of  the  gastric  juice.  Within  the 
body  some  of  the  salts  are  intimately  uniteii  to  the  proteids  of 
the  tissues  and  juices,  some  simply  dissolved  in  the  latter. 
The  chlorides,  phosphates  and  carbonates  are  the  most  im- 
portant ;  the  potassmm  salts  belong  especially  to  the  orgarozed 
tissue  elements,  the  sodium  salts  to  the  liquids  of  the  iKxly  ; 
calcium  phosphate  anrl  carbonate  predominate  in  the  hones.  The 
amount  and  composition  of  the  ash  of  ea'h  organ  ordy  change. 
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within  narrow  limits.  In  hunger  the  organism  dings  to  its 
inorganic  materials,  as  it  clings  to  its  proteids  ;  the  former  are 
just  as  essential  to  life  as  the  latter.  In  a  starving  animal 
chlorine  almost  disappears  from  the  urine  at  a  time  when  there 
is  still  much  clilorine  in  the  lx»dy  ;  only  the  inorganic  salts  which 
have  been  united  to  the  used-uj)  proteids  are  excreted,  so  that 
a  starving  anima!  never  dies  for  want  of  salts. 

When  sodium  chloride  is  omitted  as  an  addition  to  the  food 
of  man,  the  decoiniK>sition  of  proteid  seems  to  be  slightly  acceler- 
ated, but  for  a  time,  at  least,  there  are  no  serious  symptoms 
(Belli).  The  Hereros  in  Damaraland,  who  are  physically  one 
of  the  finest  races  in  Africa,  are  said  not  to  use  salt  (R6clus). 
On  the  other  hand,  when  an  animal  is  fed  with  a  diet  as  far  as 
(Mjssible  artificially  freed  from  salts,  hut  otherwise  sufficient, 
it  dies  of  sait-hungcr.  The  bUxKl  first  loses  inorganic  material, 
then  the  organs.  The  total  loss  is  very  small  in  proportion  to 
the  quantity  still  retained  in  the  body ;  but  it  is  sufficient  to 
cause  the  death  of  a  pigeon  in  three  weeks,  and  of  a  dog  in  six, 
with  marked  symptoms  of  muscular  and  nervoas  weakness. 
A  deficiency  of  lime  salts  causes  changes  particularly  in  the 
skeleton,  although  the  nutrition  of  the  rest  of  the  body  is  also 
interfered  with.  These  changes  are  of  course  most  marked  in 
young  animals,  in  which  the  bones  arc  growing  rajiidly.  In 
pigeons  on  a  diet  containing  very  little  calcium  the  Ix>nes  of  the 
skull  and  the  sternum  become  extremely  thin  and  riddled  with 
holes,  while  the  bones  concerned  in  movement  scarcely  suffer 
at  all  (E.  Volt). 

It  is  not  indificrent  in  what  form  the  calcium  is  taken,  nor  can  it 
l>c  replaced  to  any  great  extent  by  other  earthy  bases,  as  inajracsitim 
or  strontium.  Wciskc  fed  five  young  rabbits  of  the  siimr  litter  <m 
oats,  a  food  relatively  p<x)r  in  calcium.  One  of  llic  rabbils  rcccivt'd 
in  addition  calcium  carbonate,  another  calcium  sniphate,  a  third 
magnesium  carbonate,  and  a  fourth  strontium  carbonate.  At  the 
end  of  a  certain  time  it  was  found  that  the  skeleton  of  the  rabbit  fed 
with  calcium  carbonate  was  the  heaWcst  and  strongest  of  all,  and 
contained  the  greatest  proptjrtion  of  mineral  matter.  Then  came 
the  rabbit  fed  with  calcium  sulphate.  The  animal  which  received 
only  oats  luid  the  worst-dcvclopcd  skeleton  ;  the  condition  of  the 
animals  fed  with  magnesium  and  strontium  carbonates  was  but  little 
better. 


Milk  is  a  food  rich  in  calcium  and  also  in  j>h<isphoni5,  a  cir- 
cumstance evidently  related  to  the  rapid  development  of  the 
skeleton  in  the  young  child.  As  in  the  other  natural  foods,  the 
calcium  and  i^hosphorus  are  partly  in  the  form  of  organic  com- 
pounds, imitod  with  the  proteids,  the  calcium  especially  with 
caseinogen,  and  partly  in  the  form  of  inorganic  salts.  Butb  of 
these  elements  are  more  easily  assimilated  by  the  body  in  th<s 


476 


A   MANUAL  OF  PHYSIOLOGY 


organic  than  in  the  inorganic  form.  And  the  same  is  true  of 
iron,  which  exists  in  organic  combination  in  the  bran  of  wheat, 
in  the  ha-moglohin  of  the  blood  and  of  muscular  fibres,  in  the 
nuclei  of  most  cells,  vegetable  and  animal,  and  conspicuously  in 
the  nuclein  of  the  yolk  of  the  eg^.  Attempts  have  been  made 
to  increase  the  amount  of  iron  in  hen's  eggs  by  giving  them  food 
mixed  with  preiiarations  of  iron — e.g.,  iron  citrate.  An  increase 
takes  j)!ace,  but  only  after  a  long  time.  Thus  in  one  experiment 
100  grammes  of  egg-substance  contained  44  milligrajnmes  of 
Fe  Oj,  before  the  administration  of  the  iron  was  begun  ;  after 
feeding  with  iron  for  three  and  a  half  weeks  the  amount  was 
4'5  milligrammes,  after  more  than  two  months  7-4  milligrammes  ; 
and  after  a  year  only  7'3  mil!igrar7\n\es.  Although,  as  we  have 
seen,  inorganic  iron  can  he  absorbed,  it  is  certainly  the  case 
that  under  ordinary  conditions  all  the  iron  that  the  body  receives 
or  needs  is  taken  in  the  form  of  organic  compounds,  since  there 
is  no  inorganic  iron  in  the  natural  food  substances.  Stockman, 
from  careful  estimations  of  the  quantity  of  iron  in  a  number  of 
actual  dietaries,  finds  that  il  only  amounts  to  about  8  to  10  milli- 
grammes a  day.  He  coiicluLk'^  that  the  greater  part  of  it  must 
be  retained  in  the  body  uiul  useti  over  and  over  again. 

Milk  is  poor  in  iron,  but  this  does  not  hinder  the  develop- 
ment of  the  young  child,  except  when  it  is  weaned  too  late, 
when  it  is  apt  to  become  anfemic  unless  the  milk  is  supplemented 
with  a  food  rich  in  iron,  such  as  yolk  of  e^g.  The  explanation 
is  that  the  ftctus,  esi>ecially  in  the  last  tliree  numths  of  intra- 
uterine life,  accumulates  a  store  of  iron  in  the  liver  and  other 
organs  ;  so  that,  in  ]>roportion  to  its  body-weight,  it  is  at  birth 
several  times  richer  in  iron  than  the  adult.  This  iron,  of  course, 
all  comes  from  the  mother,  and  the  loss  is  not  exactly  balanced 
by  the  excess  of  iron  in  her  food  ;  certain  of  her  organs,  the 
spleen,  for  instance,  though  not  apparently  the  liver,  are  ixn 
poverished  as  regards  their  content  of  iron. 


DIETETICS. 


There  are  two  ways  in  which  we  can  arrive  at  a  knowledge 
of  the  amount  of  the  various  food  substances  necessary  for  an 
average  man  :  {a)  By  considering  the  diet  of  large  numl^rs  of 
people  doing  fairly  definite  work,  and  sufficiently,  but  not  ex- 
travagantly, ied—e.g.,  soldiers,  gangs  of  navvies,  or  plantation 
labourers  ;  (6)  by  making  special  experiments  on  one  or  more 
individuals. 

Voit,  bringing  together  a  large  number  of  observations,  con- 
cluded that  an  '  average  workman,'  weighing  70  to  75  kilos, 
and  working  ten  hours  a  day,  required  in  the  twenty-four  hours 
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n8  grammes  proteid,  56  grammes  fat,  and  500  grammes  carbo- 
hydrate, corresix>nding  to  about  i8-8  grammes*  nitrogen^  aad 
at  least  yz^  grammes  carhon, 

Kaiike  found  the  following  a  sufficiont  diet  for  himseH,  with 
a  bcxly-weight  of  74  kilos  : 

Protcidi.     ...         -     too  grammes. 
Fat  -  -         -  -      100  M 

Carbo  hydrates  -        -     240        „ 

This  corresponds  to  only  16  grammes  nitrogen  and.  say,  230 
grammes  carbon. 

A  (icrman  soldier  in  the  field  receives  on  the  average 

IVoteida     -         -         -         ■     *  5 »  grammes. 
Fat  -         -         -         -       4^         .t 

Carbo-hydrates  -     ^22         „ 

representing  abtmt  24  grammes  nitrogen  and  340  grammes 
carbon.  But  the  tliet  of  certain  miners  (Steinheil)  and  lumberers 
{Liebig)  contained  res|>ectively  133  and  112  gramme?  proteid, 
113  and  309  (!)  grammes  fat,  and  (534  and  fxji  grammes  carbo- 
hydrates. The  diet  of  prize-fighters  and  of  athletes  in  training 
is  richer  in  proteid  than  any  of  these.  Caspa'^i.  from  a  study 
of  the  phenomena  of  training,  concluded  that  continuous  bodily 
work  at  a  rate  above  the  ordinary  requires  a  large  amount  of 
proteid  (2  to  3  grammes  a  day  per  kilo  of  body-weight).  But 
there  seems  to  be  a  considerable  difference  l>etween  different 
individuals.  So  tJiat  a  defmite  and  tyi>ical  diet  for  severe  labour 
does  not  exist.  And  although  ]>erhaps  the  hardest  physical  work 
ever  done  in  the  world  is  to  Isreak  athletic  records,  to  cut  and 
handle  timber,  to  mine  coal,  and  to  make  war,  the  diet  on  which 
tliese  things  are  accotnjilishcd  is  very  variable. 

Recent  obser\ations  tend  to  reduce  the  amount  of  food,  and 
especially  of  proteid,  considered  necessary  for  a  person  under 
ordinary  conditions.  Siv(^n  remained  in  nitrogen  equilibrium,  for 
a  time  at  least,  with  an  intake  of  only  coy  to  o*o8  gramme  of 
nitrogen  (0-4  to  0*5  gramme  of  proteid)  per  kilo  of  body-weight, 
or  not  much  more  than  one-third  of  the  amount  in  Kanke'sdiet. 
From  experiments  on  men  of  various  callings  extending  over 
many  months,  Chittenden  has  concluded  that  the  average  man 
eats  at  least  twice  as  much  proteid  as  well  as  more  fats  and 
carbo-hydrates  than  he  really  requires. 

If  we  decide  the  matter  merely  on  physiological  grounds,  we 
may  say  that  for  a  man  of  70  kilos,  doing  fairly  hard,  but  not 
excessive,  work,  15  griinnnes  nitrogen  and  250  grammes  carbon 
are  a  sufficient  allowance.  The  15  granuiies  nitrogen  will  be 
contained  in  95  grammes  dry  proteid,  which  will  also  yield 

*  Taking  tUe  p«rceutage  of  aitrogea  in  proteid  at  16. 
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50  grammes  of  the  required  carbon.  The  balance  of  200  granunes 
carbon  could  theoretically  be  supplied  either  in  450  grammes 
starch  or  in  260  grammes  fat.  Hut  it  has  been  found  by  experi- 
ment and  by  experience  (which  is  indeed  a  very  complex  and 
proverbially  expensive  fonii  of  exi>eriment)  that  for  civilized 
man  a  mixture  of  these  is  necessary  for  health,  althotigh  the 
nomads  of  the  Asian  steppes,  and  the  herdsmen  of  the  Pampas, 
are  said  to  subsist  for  long  periods  on  flesh  alone,  and  a  dog  can 
live  very  well  on  proteids  and  fat.  The  proportion  of  fat  and 
carbo-hydrates  in  a  diet  may,  however,  be  varied  within  wide 
limits.  Probably  no  *  work  *  diet  should  contain  much  less 
than  40  grammes  of  fat,  but  twice  this  amount  would  be  better  ; 
80  grammes  fat  gix-^e  about  60  grammes  carbon,  so  that  from 
proteids  and  fat  we  have  now  got  no  grammes  of  the  necessary 
250,  leaving  140  grammes  carbon  to  be  taken  in  about  310 
grammes  starch,  or  an  equivalent  amount  of  cane-sugar  or  glucose. 
Adding  30  grammes  inorganic  salts,  we  can  put  down  as  the 
solid  portion  of  a  normal  diet  sufficient  from  the  physiological 
j)oint  of  view  for  a  man  of  70  kilos  : 

95  grammes  proteids  =  -1,-j  of  body-weight. 

80  „  fat  =  ^i}^ff  „ 

310         „  carbo-hydralcs  ~  ij.Jy  „ 

30         „  salts. 

5-15 
Now,  knowing  the  composition  of  the  various  food-stuffs,  we 
can  easily  construct  a  diet  containing  the  proper  quantities  of 
nitrogen  and  carbon,  by  using  a  table  such  as  the  following  : 


c^>uantilv 
rcquirvil 

niiamiiy 
rwiuiicti 

N  in 

Ciii 

Prntcid 

Fat  in 

'  Carl«- 
.  h)  drate 
1    in  100 

Water 

10  yield 

to  yield 

I'll' 

H.«l 

in  Kw 

100 

in  loD 

13  (Jrms. 

.!ti"  (Jrins. 

firms. 

I  Inns. 

r.niiN. 

(Inns. 

Grms. 

Grms. 

C'het!sc* 

1 

(CJruyere) 

300 

640 

3 

.i" 

31 

31 

1       —       1 

!     34 

Peas  (dried) 

'ii<^> 

70.) 

.i*5 

357 

2           1 

1      55 

15 

Lean  meat  - 

4-10 

iStK-. 

J '4 

1 3  "5 

21 

r5 

74 

Wheat-flour 

(>5o 

(^^5 

-••J 

.i9'^ 

12 

2      ' 

70 

15 

Oatmeal      - 

5«o 

(.20 

2-0 

■J  "'3 

M 

5\5 

65 

15 

KgRS    - 

V90 

I  7»  iO 

!■<> 

147 

11*5 

12 

— 

75 

Maize 

Hro 

filO 

1-.S5 

^^v 

in-5 

7 

65 

15 

Wheat 

1 

bread    - 

1200 

1120 

1-23 

22-4 

.S 

'•5 

49      . 

40 

Kice    - 

1530 

C>i^5 

0\) 

3''-^' 

5 

I 

83      ■ 

10 

Milk    - 

23«o 

3540 

0-6 

T 

4 

4 

5      ' 

85 

i  Potatoes 

3750 

2jS0 

0-4 

10-5 

2 

0-15 

2X 

75 

Good  butter 

10000 

3to 

0-15 

(K, 

I 

90 

^^ 

8 

*   A  chi'osc  inannfju  turoil  from  \vli{>h"  milk,  curdled  before  the  cream 
has  had  time  ti>  rise,  and  therefore  rich  in  fat. 


METABOUSM.  NUTRITWN  AND  DIETETICS 


479 


Economic  and  social  influences — prices  and  habits— and  not 
purely  physir)k)gic;il  rules,  fix  the  diet  of  populations.  The 
Chinese  labourer,  for  example,  lives  on  a  diet  which  no  physi- 
ologist would  commend.  In  order  to  obtain  15  grammes 
nitrogen  or  95  grammes  jMoteiil,  he  must  consume  more  than 
1,500  grammes  rice,  which  will  yield  700  grammes  carbon,  or 
twice  as  much  as  is  required  .  but  if  the  Chinese  labourer  could 
not  live  on  rice,  he  could  not  live  at  all.  The  Irish  peasant  is 
even  in  worse  case  ;  he  must  consume  nearly  4  kilos  of  jxitatoes 
to  obtain  his  15  grammes  nitrogen,  while  little  more  than  half 
this  amount  would  fiu^nish  the  necessary  250  grammes  carbon. 
Of  course  a  diet  consisting,  week  in  week  out,  entirely  of 
potatoes  or  rice,  would  represent  an  extreme  case.  A  certain 
amount  of  the  necessary  nitrogen  is  obtained  even  by  the 
poorest  ]K>pul;Ltions.  in  the  form  of  fish,  milk,  eggs  or  bacon. 
A  man  attempting  to  live  on  flesh  alone  would  l>e  well  fed  as 
regards  nitrogen  \\'ith  500  grammes  of  meat,  but  nearly  four 
times  as  much  would  he.  required  to  yield  250  grammes  of  carbon. 
Oatmeal  and  wheat-flour  contain  nitrogen  and  carbon  in  nearly 
the  right  proportions  (i  N  ;  15  C),  oatmeal  being  rather  the 
better  of  the  two  in  this  respect ;  and  the  best-fed  lalx>uring 
fkopulations  of  Europe  still  live  largely  on  wheaten  bread,  while, 
one  hundred  years  ago,  the  Scotch  i^easant  still  cultivated  the 
soil,  as  the  Scotch  Reviewer  the  Muses,  '  on  a  little  oatmeal/ 
But  although  bread  may,  and  does,  as  a  rule,  form  the  great 
staple  of  diet,  it  is  not  of  itself  sufficient. 

It  is  necessary  to  recognise  that  habit  has  much  to  do  with 
the  quantity  as  well  as  with  the  quality  of  the  food  used  by  an 
individual  or  a  community.  Some  concession  may  be  made 
to  custom  in  what  is,  after  all,  not  a  purely  ph^'siological  ques- 
tion, and  in  this  country  it  is  probable  that  20  grammes  of 
nitrogen  and  joo  grammes  of  carbon,  while  a  liberal  is  not 
an  excessive  allowance,  although  it  is  certain  that  a  man  can 
maintain  a  normal  body-weight  and  ijerform  a  normal  amount 
of  work  on  considerably  less,  in  some  cases  even  with  advantage 
to  his  health. 

We  may  take  500  grammes  of  bread  and  250  grammes  of  lean 
meat  as  a  fair  quantity  for  a  man  fit  for  hard  work.  Adding 
500  grammes  milk,  75  grammes  oatmeal  (as  porridge),  30  grammes 
butter,  30  grammes  fat  (with  the  meat,  or  in  other  wa>*s),  and 
450  grammes  potatoes,  we  get  approximately  20  granmies 
nitrogen  and  300  grammes  carbon  contained  in  135  grammes 
proteid,  rather  less  than  100  grammes  fat,  and  somewhat  over 
400  grammes  carbo-hydrates.    Thus  (see  table,  p.  480)  : 
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(9  oz.)  250  grms.  lean  meat 
ji8  oz.)  300  grms.  bread 
(j{  pint)  500  grms.  milk 
(1  oz.)  30  grms.  butter- 
(]  oz.)  30  grms.  fat 
(16  oz.)  450  grms.  potatoes 
(3  oz.)  75  grms.  oatmeal 


N. 

c. 

Proteids.  ' 

1 

Fftt. 

Ourbo- 
hjdmtes. 

Sa3»a. 

8 

33 

55 

8-5 

— 

4 

6 

112 

40 

7*5 

245 

6-5 

3 

35 

20 

20 

25 

3"5 

— 

20 

— 

27 

— 

o"5 

— 

22 

— 

30 

— 

I '5 

47 

10 

^1 

4"5 

17 

30 

10      i 

135 

4 

48 

3 

202 

299 

97 

413 

21 

This  would  be  a  fair  '  hard  work  *  diet  for  a  well  -  nourished 
labourer.  But  the  great  elasticity  of  dietetic  formuke  is  shown 
by  com])aring  the  ration  of  the  English  and  German  soldier 

as  given  in  the  following  tables  : 

Ration  of  the  English  Soldier,* 

Bread -  680  grammes. 

Meat 340  „ 

Vegetables  -         -         -         -         -  226  „ 

I'otatoes 453  „ 

Milk    ------  92  „ 

.  .  Sugar 377  „ 

Coffee 9'4  „ 

Tea 4'6  „ 

Salt 7  „ 


Ration 

of 

the 

German  Soldier, 

PeaLC. 

War. 

Bread-         -         -     750  gr 

rimmcs 

Bread 

-    750  grammes. 

Meat   -         -         -     I  so 

Biscuit 

-     Soo 

Rice    -         -         -       50 

Mcat- 

-     375 

or  barlev  groats  -      1 20 

Smokod  meat 

-     250 

1-egiimes      -         -     250 

or  fat 

-     170 

Potiitocs      -         -   1 500 

Rice   - 

-     125 

or  barley  groats      125        „ 

Legumes     - 

-     250 

In  prisons  the  object  is  to  give  the  minimum  amount  of  the  plainest 
food  which  will  sufiico  to  maintain  the  J)^isone^s  in  health.  A 
*  hard  work  *  j)ris(tn  diet  in  Munich  was  found  to  contain  104 
grammes  |)rotcids.  ^^  grammes  fat.  and  521  grammes  carbo- 
hydrates ;  a  '  no  work  '  diet,  only  87  grammes  proteids,  22  grammes 
fat,  and  305  grammes  carbo-hydrates.  Here  we  recognise  the 
influence  of  price  ;  carbon  can  l)e  much  more  cheaply  obtained  in 
vegetiible  carbo-hydrates  tlian  in  animal  fats ;  the  cheapest  possible 
diet  contains  a  minimum  of  animal  fat  and  i)rotcids. 

Many  poor  jxsrsons  live  on  a  diet  which  would  not  maintain  a 
strong  man,  for  an  emaciated  body  has  a  smaller  mass  of  flesh  to 
keep  up.  and  therefore  needs  less  proteid ;  it  can  do  httle  work,  and 

•  This  is  given  in  Parkes's  '  Practical  Hygiene*  as  the  usual  dietary  of 
thp  luiKlish  soldier  on  home  service.  The  free  ration  includes  only,  one 
pound  of  bread,  but  the  sol<Uer  buys,  on  the  average,  an  extra  half-pound. 
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therefore  needs  less  food  of  all  kinds.  A  London  needlewoman, 
according  to  nayfair,  subsists,  or  did  subsist,  thirty'  years  ago,  on 
54  grammes  protcid,  jq  grammes  fat,  and  J92  grammes  carbo- 
hydrates. But  this  is  the  irreducible  minimum  of  the  deepest 
poverty  ;  and  a  wonuin,  wth  a  smaller  mass  of  flesh  and  leading 
a  less  active  life  than  a  man.  requires  less  fo+>d  of  all  s<jrts.  Even 
the  Trappist  monk,  who  has  reduced  asceticism  to  a  science,  and, 
instead  01  eating  in  order  to  hvc,  Uves  in  order  not  to  eat,  consumes, 
according  to  Voit,  68  grammes  protcid.  11  grammes  fat,  and 
46Q  grammes  carbo-hydrates  ;  but  manual  labour  is  a  part  of  the 
discipUnc  of  the  brotherhood,  and  this  must  be  still  above  the  lowest 
subsistence  diet. 

The  question  whether  it  is  best  to  derive  the  protcids  (and  fats) 
of  the  focxl  mainly  from  plants  or  mainly  from  animals  is  one  which 
is  never  left  to  iihysioU>g%'  alone  to  decide.  But  it  has  been  definitely 
proved  tluit  vegetable  proleids  and  vegetable  fats  are  (when  nropcrly 
prejjarcd)  digested  and  absorbed  as  completely  as  those  of  animal 
origin,  and  play  the  same  part  in  the  metabolism  of  the  botly. 

A  growing  child  needs  far  njore  food  than  its  weight  alone 
would  indicate  ;  for,  in  the  first  place,  its  income  must  exceed 
its  expenditure  so  that  it  may  grow  ;  and,  in  the  second  place, 
tlie  expendittire  of  an  organism  Ls  pretty  nearly  proportional, 
not  to  its  mass,  but  to  its  surface.  Now,  speaking  roughly,  the 
cube  of  the  surface  of  an  animal  varies  as  the  square  of  the 
mass  ;  when  the  weight  is  doubled,  the  surface  only  becomes 
'V4.  or  one  and  a  half  times  as  great.  The  surface  of  a  boy 
of  six  to  nine  years,  with  a  body-weight  of  18  to  24  kilos,  is 
two-fifths  to  one-half  that  of  a  man  of  70  kilos  ;  and  he  should 
have  about  half  as  much  food  as  the  man.  A  child  of  foiu- 
months,  weighing  5-5  kilos,  consumed  t>er  diem  food  containing 
0'(}  gramme  nitrogen  per  kilo  of  body-weight,  or  318  grammes 
nitrogen  altogether,  as  against  a  daily  consimiption  of  only 
0*^75  gramme  nitrogen  per  kilo  in  a  man  of  71  kilos  (Voit). 

An  infant  for  the  first  seven  months  should  have  nothing 
except  milk.  Up  to  this  age  vegetable  fooil  is  imsuited  to  it  ; 
it  is  a  purely  carnivorous  animal.  By  careful  observations  on 
the  amotmt  of  carbon  dioxide  and  nitrogen  excreted  by  a  child 
nine  weeks  old,  fed  exclusively  on  its  mother's  milk,  it  has  been 
shown  that  the  absorption  and  assimilation  of  milk  in  the  infant 
is  very  complete,  over  91  i.>er  cent,  of  the  total  energy  being 
utilized  ;  while  an  adult,  taking  as  much  milk  as  is  necessary  for 
the  maintenance  of  nitrogenous  equilibrium,  does  not  utilize 
at  most  more  than  84  per  cent.  Human  milk  contains  about 
2  per  cent,  of  proteid  (mainly  caseinogen),  3  |ier  cent,  of  fat, 
5  or  0  per  cent,  of  carbo-hydrate  (lactose  or  milk-sugar),  and 
from  0-2  to  03  per  cent,  of  salts.    Cow's  -^^viut 

4  per  cent,  of  proteid,  4  to  6  per  cent 
and  0*7  per  cent,  of  salts.     V 
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be  diluted  with  water,  and  some  sugar  should  be  added  to  it. 
Ass's  milk  has  about  the  same  amount  of  proteid,  lactose  and 
salts  as  himian  milk,  but  less  than  half  as  much  fat.  It  is  veiy 
well  borne  and  very  completely  absorbed. 

As  to  the  place  of  water  and  inorganic  salts  in  diet,  it  is 
neither  necessary  nor  practicable  to  lay  down  precise  rules. 
In  most  well-settled  coimtries  they  cost  little  or  nothing ;  very 
different  quantities  can  be  taken  and  excreted  without  hann  ; 
and  both  economics  and  physiology  may  well  leave  every  man 
to  his  taste  in  the  matter.  Salt  is  indeed  for  the  most  part  used, 
not  as  a  special  article  of  diet,  but  as  a  condiment  to  give  a 
relish  to  the  food,  just  as  a  great  deal  more  water  than  is  actually 
needed  is  often  drunk  in  the  form  of  beverages.  It  is  certain 
that  the  quantity  of  salt  required,  in  addition  to  the  salts  of  the 
food,  to  keep  the  inorganic  constituents  of  the  body  at  their 
normal  amount,  is  very  small.  A  30-kilo  dog  obtauns  in  his 
diet  of  500  grammes  of  lean  meat  only  o-6  gramme  sodium 
chloride,  and  needs  no  more.  An  infant  in  a  litre  of  its  mother's 
milk,  which  is  a  sufficient  diet  for  it,  gets  only  o-8  gramme 
sodium  chloride.  Bunge,  however,  has  shown  that  the  pro- 
portion of  ])otassium  and  sodium  salts  in  the  food  is  a  factor  in 
determining  the  quantity  of  sodium  chloride  required.  A  double 
decomposition  takes  place  in  the  body  between  potassium 
phosphate  and  sodium  chloride,  potassium  chloride  and  sodium 
phosphate  being  formed  and  excreted  ;  and  the  loss  of  sodium 
and  chlorine  in  this  way  depends  on  the  relative  proportions 
of  potassium  and  sodium  in  the  food.  In  most  vegetables  the 
proi)()rti(>n  of  potassium  to  sodium  is  much  greater  than  in 
animal  food,  so  that  vegftable-fecding  animals  and  men  as  a 
rule  desire  and  need  relati\'e]y  great  quantities  of  sodium  chloride. 
Hut  it  is  stated  that  the  inhabitants  of  a  jwrtion  of  the  Soudan 
use  potassium  chloride  instead  of  sodium  chloride,  obtaining 
the  polassiuni  salt  by  burning  certain  plants  which  leave  an  ash 
jxjor  in  carbonates,  and  then  extracting  the  residue  with  water 
and  eva]>oratiiig  (Dyhowski).  A  beef-oating  English  soldier 
consumes  about  7  grammes  (|  oz.),  a  vegetarian  Sepoy  about 
18  grammes  (§  oz.),  of  common  salt  per  day. 

Wine,  beer,  tea,  coffee,  cocoa,  etc.,  belong  to  the  important 
class  of  stimulants.  Some  of  them  contain  small  quantities 
of  food  substances,  but  these  are  of  secondary  interest.  In  beer, 
for  example,  there  are  traces  of  proteids,  dextrin,  and  sugar. 
But  14  litres  of  beer  would  be  required  to  yield  15  grammes 
nitrogen,  and  10  litres  to  give  250  grammes  carbon  ;  and  nobody, 
except  a  German  corps  student,  c(nild  consume  such  quantities. 

In  some  cocoas  there  is  as  much  as  50  per  cent,  of  fat,  4  per 
cent,  of  starch,  and  13  per  cent,  of  proteids  ;  and  in  the  cheaper 
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cocoas  much  starch  is  added.  Still,  a  large  quantity  of  the 
ordinary  infusion  would  be  needed  for  a  satisfying  meal. 
Frederick  the  Great,  indeed,  in  some  of  his  famous  marches 
dined  off  a  cup  of  chocolate,  and  beat  combined  Europe  on  it ; 
but  his  ordinary  menu  was  much  more  varied  and  substantial. 

Alcohol. — The  great  social  and  hygienic  evils  connected  with 
the  abuse  of  alcohol,  as  well  as  its  applications  in  therai)eutics, 
render  it  necessary',  or  at  least  permissible,  to  state  a  little  more 
fully,  thougli  only  in  the  form  of  summary,  some  of  the  chief 
conclusions  that  may  be  drawn  as  to  its  action  and  uses. 

(i)  In  small  quantities  alcohol  is  oxidized  in  the  body,  a  little 
of  it,  however,  being  excreted  unchanged  in  the  breath  and 
urine.  A  certain  amount  of  proteid  is  saved  from  decomposi- 
tion when  alcohol  is  taken,  just  as  when  fat  or  sugar  are  taken. 
For  example,  the  addition  of  130  grammes  of  sugar  to  the  daily 
food  of  an  individual  caused  a  '  sparing  '  of  0*3  gramme  nitrogen. 
The  substitution  of  yz  grammes  alcohol  for  the  sugar  caused 
0-2  granmie  nitrogen  to  be  spared  (Atwater  and  Benedict). 
Alcohol  is  therefore  to  some  extent  a  food  substance,  although 
it  is  never  taken  for  the  sake  of  the  energy  its  oxidation  can 
supply,  but  always  as  a  stimulant. 

(2)  There  is  no  reason  to  suppose  that  this  energy  cannot  be 
utilized  as  a  source  of  work  in  the  body.  Heat  can  certainly 
be  produced  from  it,  but  this  is  far  more  than  countedmlanced 
by  the  increase  in  the  beat  loss  which  tlie  dilatation  of  the 
cutaneous  vessels  caused  by  alcohol  brings  about. 

(3)  It  is  a  very  valuable  drug,  when  judiciously  employed, 
in  certain  diseases — e.g.,  pneumonia  and  puerperal  insanity 
(Clouston). 

(4)  Alcohol  is  occasionally  of  use  in  disorders  not  amounting 
to  serious  disease — e.g.^  in  some  cases  of  slow  and  difficult 
digestion.  In  these  cases  it  may  act  by  increasing  the  flow  of 
certain  of  the  digestive  secretions,  as  saliva  and  gastric  juice. 
This  effect  seems  to  more  than  counterbalance  the  retarding 
influence  which,  except  when  well  diluted,  it  exerts  on  the 
chemical  processes  of  digestion. 

(5)  Alcohol  is  of  no  use  for  healthy  men. 

(6)  Alcohol  in  strictly  moderate  doses,  properly  diluted  and 
especially  when  taken  with  the  fixxl,  is  not  harmful  to  healthy 
men,  living  and  working  under  ordinary  conditions. 

(7)  Recent  experience  goes  to  show  that  in  severe  and  con- 
tinuous exertion,  coupled  with  exposure  to  all  weathers,  as  in 
war  and  in  exploring  expeditions,  alcohol  is  injurious,  and  it  is 
well  known  that  it  must  be  avoided  in  mountain 

Tea,  coffee,  and  cocoa  are  more  suitable  <* 
persons,  because  they  are  less  dangem* 
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leave  no  unpleasant  effects  behind  them.  But  it  should 
remembered  that  there  is  no  stimulant  which  is  not  liable  to 
abused.  It  has  been  shown  by  ergographic  experiments  (p.  5; 
that,  like  alcohol,  tea»  coffee,  niat^,  and  cola-nut,  which 
contain  the  alkaloid  theine  or  caffeine,  restore  the  p)ower  of  pet^ 
forming  muscular  work  after  exhaustion,  but  only  if  food  has 
been  recently  or  is  simultaneously  taken. 

Certain  organic  acids  contained  in  fresh  vegetables,  although 
neither  in  the  ordinary  sense  foods  nor  condiments,  seern  to  be 
necessary  for  the  maintenance  of  health,  for  in  circumstances  in 
which  these  cannot  be  obtained  for  long  periods,  scurvy  is  liable 
to  break  out.  It  is  prevented  by  the  use  of  lime  or  lemon- 
juice,  in  which  citric  and  a  trace  of  malic  acid  are  contained. 


INTERNAL  SECRETION. 

It  is  long  since  Caspar  Friedrich  Wolif  expressed  the  idea  thai 
'  each  single  part  of  the  body,  in  respect  of  its  nutrition,  stan 
to  the  whole  body  in  the  relation  of  an  excreting  organ,'  an 
thus  emphasized  the  imjxjrtance  of  substances  produced  by  the 
activity  of  one  kind  of  cell  for  the  normal  metabolism  of  another. 
But  it  is  only  in  recent  years  that  it  has  become  fjossiblc  to 
illustrate  this  mutual  relation  by  any  large  nmnber  of  experi-^ 
mental  facts.  I 

Certain  of  the  substances  taken  in   from  the  blood   by   the 
liver  find  their  way,  after  undergoing  various  changes,  into  the 
biliary  ca)>illaries,  and  are  excreted  as  bile  ;  certain  other  su 
stances,  sucli  as  sugar  and  the  precursors  of  urea,  are  taken  u 
by  the  hepatic  cells,   transformed  and  sometimes  stored  for 
time  within  them,  and  then  given  out  again  to  the  blood.     Bile 
we  may  call   the  external  secretion  of  the  liver,  glycogen  and 
urea  constituents  of  its  internal  secretion.     In  one  sense   it 
evident  that  all  tissues,  whether  glands  in  the  morphologi 
sense  or  not.  may  be  considered  as  manufacturing  an  internal 
secretion.     For   everything    that   an   organ    absorbs    from    the 
blood  and  lymph  it  gives  out  to  them  again  in  some  form  o 
other  except  in  so  far  as  it  forms  or  separates  a  secretion  that 
passes  away  by  special  ducts.     But  it  is  usual  to  employ  the  term 
only  in  relation  to  organs  of  glandular  build,  whether  provided 
with  ducts  or  not.     For  convenience  the  action  of  extracts  ot 
some  other  tissues,  such  as  nervous  tissue,  will  also  lie  con- 
sidered here,  although  there  is  no  reason  to  suppose  that  the 
form  any  specific  internal  secretion. 

The   capacity   of   manufacturing   internal   secretions   of   high 
importance  can  neither  be  attributed  to  all  glands  with  ducts 
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nor  denied  to  all  otlier  organs.  For  the  salivary,  mammary, 
and  gastric  glands  may  be  completely  removed  without  causing 
any  serit>us  effects,  while  death  follows  excision  of  the,  so  far  as 
mere  hnik  is  concemed,  apparently  insignificant  masses  of 
tissue  in  the  ductless  thyroid  or  parathyroid  (?),  suprarenal  and 
pituitary  bodies. 

It  is  known  thiit  in  the  case  of  the  liver  the  internal  secretion 
is  more  imjxirtant  than  the  external,  for  an  animal  cannot 
live  without  its  liver,  while  it  may  be  but  Httle  affected  by  the 
continuous  escape  of  the  bile  through  a  fistulous  opening.  The 
internal  secretions  of  the  pancreas  and  the  kidney  are  also 
indispensable.  For  when  the  pancreas  is  excised  death  follows 
in  many  species  of  animals,  and  especially  in  carnivorous  animals  ; 
and  in  man  severe  and  ultimately  fatal  tliabetes  is  often  associated 
with  pancreatic  disease,  while  the  mere  loss  of  the  pancreatic 
juice  through  a  fistula  does  not  necessarily  shorten  life,  although 
the  absorption  of  fat  is  seriously  interfered  with.  And  when 
the  half  or  two-thirds  of  one  kidney  and  the  whole  of  the  other 
have  bf^n  removed  from  a  <log  by  successive  o|)erations  (Brad- 
ford), death  also  ensues,  although  the  quantity  Iwth  of  water  and 
urea  excreted  by  the  fragment  of  renal  substance  that  remains 
is  far  above  the  normal  (polyuria).  The  cause  of  death  in  both 
these  cases  seems  to  be  a  profound  disturbance  of  metabolism, 
of  which  the  most  significant  token  after  extirpation  of  the 
pancreas  is  the  increased  production  of  sugar  and  its  appearance 
in  the  urine,  and  after  interference  with  the  kidneys  the  increased 
production  of  urea.  Both  in  pancreatic  diabetes  and  in  experi- 
mental jxilyuria  the  destruction  of  proteids  is  increased.  When 
only  one  kidney  is  excised  the  other  hypertrophies,  and  no 
ill  effects  ensue  ;  nor  does  diabetes  appear  after  partial  removal 
of  the  jiancreas,  so  long  as  a  comparatively  small  fraction  (one- 
quarter  or  one-fifth)  of  it  is  left,  even  when  this  remnant  is 
transplanted  from  its  original  jxjsition  and  grafted  in  the  peri- 
toneal cavity  or  indeed  under  the  skin.  Although  as  yet  we  are 
ignorant  of  the  manner  in  which  the  kidney*  and  the  pancreas 
influence  the  metabolism  of  the  body,  it  is  impossible  to  doubt, 
in  view  of  the  facts  we  have  mentioned,  tiiat  both  of  these  organs, 
like  the  liver,  in  addition  to  carrying  on  the  exchanges  necessary 
for  the  preparation  of  the  ordinary  or  external  secretions,  have 
other  important  relations  with  the  circulating  fluids,  giving  to 


■  The  announcement  of  Tigcrsteilt  and  Bergmann  that  extracts  of  the 
kiiJaey  when  injected  into  the  veins  of  an  animal  cause  a  rise  of  artpriol 
bIoo<i-pre9surc.  essentially  through  <lirect  action  on  the  peripheral  vaso- 
motor mechanism.  althouRh  it  may  possllify.  as  they  suggest,  liave  some 
bearing  on  the  rise  of  pressure  and  consequent  hypertrophy  of  the  heart 
associated  with  certain  renal  diseases,  does  not  throw  any  light  on  the 
relation  of  the  kidney  to  proteid  metabolism. 
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them  or  taking  from  them  substances  on  the  manufacture  or 
(lesti"Uction  of  wliich  the  normal  metabolic  processes  depend. 
It  has  been  suggested  that  the  pancreas  neutralizes  or  renders 
harmless  some  toxic  substance  formed  elsewhere  in  the  body, 
the  action  of  which  produces  glycosuria.  But  no  evidence  of 
the  existence  of  any  such  substance  has  been  obtained.  It  i 
more  i)robahle  that  the  glycosuria  is  due  to  the  absence  of  some 
body  normally  produced  by  the  pancreas  which  facilitates  the 
combustion  t»f  the  sugar  (p.  454).  The  scat  of  the  internal 
secretion  of  the  pancreas  seems  to  be  the  very  vascular  epithe- 
lioid tissue  which  is  peculiar  to  tliis  gland,  and  occurs  in  islands 
between  the  alveoli  (islands  of  Langerhans)  (Schafer).  For 
animals  survive  the  complete  atrophy  of  the  ordinary  secreting 
epithelimn  caused  by  the  injection  of  [laratfin  into  the  ducts  ; 
no  su^^ar  a^jpears  in  the  urine,  and  the  f^ralting  of  such  an 
atrophied  organ  prevents  ]>ancreatic  diabetes.  The  islands 
remain  intact.  Pathological  changes  have  been  observed  in  the 
islands  in  cases  of  diabetes  mellitus  (Opie).  And  in  diabetes 
accompanying  cirdiosis  of  the  liver,  which  has  usually  been 
considered  to  depend  upon  the  hepatic  changes,  it  has  been 
shown  that  in  many,  if  not  all,  of  the  cases  the  pancreas  is 
also  affected  by  a  growth  of  connective  tissue  outside  the  acini 
(Steinhaus),  Some  authors,  indeed,  have  gone  so  far  as  to  say 
that  in  all  cases  of  diabetes  mellitus  there  is  disease  of  the 
pancreas. 

Ligation,  or  the  establishment  of  a  fistula,  of  the  thoracic 
duct,  causes  glycosuria  in  dogs.  It  is  possible  that  this  is  really 
a  mild  form  of  pancreatic  diabetes,  due  to  interference  with 
the  supply  of  the  internal  secretion  of  the  pancreas,  or  of  that 
part  of  it  which  reaches  the  blood  by  the  lymph-stream  (Tucketf). 

Sexual  Organs. — The  influence  of  castration  in  preventing 
the  physical  and  |isychical  changes  that  normally  occur  at 
puberty  is  no  doubt  also,  in  part  at  least,  due  to  the  loss  of  the 
internal  secretion  of  the  testes.  In  partially  castrated  cocks 
it  was  seen  that  so  long  as  a  pwrtion  of  one  testicle  remained,  the 
male  characters  were  preser\'ed,  but  after  removal  of  this 
residue  the  comb  and  wattles  withered  in  a  few  weeks  (Hanau). 
The  exact  experiments  of  Loew^'  and  Kichter  on  the  metabolism 
of  bitches  before  and  after  castration  throw  light  upon  the 
changes  which  follow  that  operation,  and  afford  decisive  proof 
that  they  are  connected  with  the  absence  of  substances  specific 
to  the  ovary.  They  conclude  that  in  the  castrated  animal  the 
oxidative  energy  of  the  cells  is  lessened.  The  oxygen  consump- 
tion sinks,  even  althijugh  proteid  is  laid  on  and  the  total  amount 
of  active  tissue  thus  increased.  Under  certain  circumstances 
this  speci^c  diminution  of  metabolism  may  be   balanced  by 
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conditions  which  cause  an  increase  in  the  mctalxilism.  The 
lessening  of  the  oxidative  power  is  due  to  the  loss  of  ovarian 
substance,  for  the  administration  of  an  extract  of  the  ovary 
(oophorin)  not  only  neutralizes  it,  but  actually  causes  an  increase 
ill  the  gaseous  metah*)lism  to  far  above  the  original  amount, 
while  it  has  no  effect  on  the  mutat>olism  of  the  uncastrated 
animal.  It  is  not  the  decomjxisition  of  proteids,  but  of  non- 
nitrogenous  substances,  which  is  accelerated.  Oophorin  also 
brings  about  a  notable  increase  in  metabolism  in  the  castrated 
male  dog,  while,  curiously  enough,  extract  of  testicle  causes 
only  a  small  increase,  due  to  a  basic  sul>stance,  spermin  (C^N^H,,), 
which  can  be  isolated  from  the  testicle.  But  the  orchitic 
extract  is  not  without  influence  in  other  ways.  It  certainly 
increases  the  capacity  for  muscular  work,  as  tested  by  the 
ergograph  (p.  570),  and  this  distinct  physiological  action  is 
sulTitient  to  encourage  the  ho|>e  that  it  may  t>ossess  some  thera- 
peutic value,  although  far  from  what  has  been  claimed  for  it 
by  its  more  enthusiastic  advocates.  The  only  constituent  of 
extracts  of  the  testicle  made  with  salt  solution  which  causes 
any  pronounced  effect  on  the  blood-pressure  when  injected  into 
the  circulation  is  a  nucleo-proteid,  the  most  plentiful  of  the  pro- 
teid  substances.  The  pressure  falls,  mainly  owing  to  inhibition 
of  the  heart,  but  partly  through  vaso-dilatation  in  the  splanchnic 
area  (Dixon). 

Tlie  testicles  also  influence  the  growth  of  the  bones.  In 
eunuchs  and  in  young  men  with  atrophy  of  the  testicles  a  ten- 
dency has  been  observed  for  the  long  bones  to  go  on  growing 
far  beyond  the  usual  peri<Mi.  This  has  been  shown  by  the 
Rontgen  rays  to  be  due  to  delay  in  the  ossification  of  the  epi- 
physes. The  same  has  been  observed  in  animals,  and  is  supposed 
to  be  caused  by  the  loss  of  some  substance  normally  formed  in 
the  testicle  which  influences  the  metabolism  of  the  lx>nes  and 
the  deposition  of  the  bone  salts. 

A  tem|H)rary  dimmution  in  the  haemoglobin  and  in  the  munber 
of  the  erythrocytes  has  been  observed  in  castrated  bitches,  an 
observation  which,  so  far  as  it  goes,  is  in  favour  of  the  view  that 
an  insufficient  internal  secretion  of  the  ovaries  is  the  cause  of 
tlie  forni  of  an;cmia  known  as  chlorosis. 

Evidence  has  recently  been  brought  forward  that  the  corpus 
luteum  is  a  gland  with  an  internal  secretion,  whose  function 
is  connected  with  menstnuition  and  with  the  implantation  of 
the  oviun  and  the  subsequent  growth  of  both  ovum  and  uterus 
in  pre^ancy  (Bom,  Fraenkel)  (Chap.  XIV.). 

Thymus. ^It  is  well  known  thai  in  castrated  animals  the 
ihvtnus  IS  larger  and  persists  longer  than  in  entire  animals.  In 
bulls  and  unspayed  heifers  the  normal  atrophy  of  the  thymus, 
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which  begins  after  the  period  of  puberty,  is  greatly  accelerated 
wlieii  the  bulls  have  been  used  foi  breeding,  and  when  the  heifers 
liave  been  pregnant  for  several  months.     There  is  a  reciprocal 
influence  of  the  thymus  on   the   testicles,  and  removal   of   the 
thymus  before  the  time  at  which  it  naturally  atrophies  is  fol- 
lowed by  a  more  rapid  growth  of  the  testes  (in  guinea-pigs) 
(Paton).     In  young  mammals  the  loss  of  the   thymus   causes 
transient   disturbances   of   nutrition,   a   temi>orar^'   decrease   in 
the  number  of  all  varieties  of  leucocytes,  and  a  diminished  re- 
sistance   to    the    ]jus-furming   micrococci,    probably   connected 
with  the  relatively  feeble  leucocytosis  (or  increase  in  the  nuinlier 
of  leucocytes)  by  which  tlie  animals  react  to  the  infection.     In 
the  frog  the  thymus  persists  throughout  life.*    Yet  the  removal 
of  it  is  not  fatal  if  precautions  against  infection  be  taken. 

The  chief  effect  of  intravenous  injection  of  extract  of  human 
or  ox  thymus  is  a  lowering  of  blood- pressure.  In  this  respect 
it  resembles  thyroid  extract.  The  heart  may  bo  at  the  same 
time  accelerated. 

Thyroids  and  Parathyroids. — The  thyroid  consists  of  two 
lobes  connected  l)y  an  isthmus  across  the  middle  line  in  man 
and  some  animals,  but  often  separate.  In  the  neighbourhood 
of  the  thyroid,  or  embedded  in  its  tissue,  are  certain  bodies  called 
parathyroids,  consisting  of  solid  columns  of  eiiithelial  cells,  but 
which  may,  there  is  some  reason  to  believe,  develop  into  typical 
thyroid  tissue  with  colloid-filled  alve<ili  in  the  absence  of  the 
thyroid  proper  (Figs.  166,  167).  The  numl^er  and  situation  of  the 
parathyroids  differ  in  different  animals.  In  the  cat,  dog,  fox,  and 
monkey  there  are  four,  but  only  two  in  the  rat.  In  the  cat  two  of 
the  parathyroids  are  lateral  or  external,  one  lying  more  or  less  free 
upon  the  external  surface  of  each  thyroid  lobe,  while  two  aj^ 
mesial  or  internal,  one  being  embedded  in  the  substance  of  each 
lobe,  nearer  to  the  mesial  than  the  lateral  edge,  and  always 
smaller  than  the  external.  When  the  thyroid  (with  the  para- 
thyroids) is  completely  removed,  s^miptoms  and  pathological 
changes  ensue  which  differ  in  different  species  of  animals.  In 
man,  after  excision  ol  the  wliolv  tfiyroid  for  goitre,  an  operation 
not  infrequently  performctl  before  the  consequences  of  thjToid- 
ectomy  were  known,  the  condition  called  cachexia  stmmipriva 
supervenes.  The  symptoms  resemble  those  of  the  disease  known 
as  myxcedema,  in  which  the  characteristic  anatomical  change 
is  an  increase  (a  hyperplasia)  of  the  coimective  tissue  in  and 
under  the  true  skin.  Newly-formed  connective  tissue  always 
contains  an  excess  of  mucin,  and  for  this  reason  in  the  early 

*  In  mammals  fincluding  man)  the  thymus  does  not  completely  dis- 
ap]>oar  in  the  adult.  Islands  of  thymus  tissue  are  found  at  all  age« 
among  the  lat  by  which  the  bulk  of  the  organ  is  replaced. 
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Stages  of  myxoedema  there  is  somewhat  more  than  the  usual 
«Tmount  of  that  substance  in  the  subcutaiieou?;  tissue.  The 
skin  is  dry,  and  the  hair  lalls  off.  The  features  arc  swollen 
and  heavy  ;  the  movements  clumsy,  trtrmbling,  and  often  spas- 
modic. As  the  disease  progresses  the  mental  jjowcrs  deteriorate 
too  ;  the  patient  becomes  stupid  and  slow,  ami  perhaps,  at  last, 
imbecile.  When  the  gland  is  extensively  affected  in  early  life 
a  peculiar  condition  of  idiocy  (cretinism)  results. 

In  animals  there  is  a  great  difference  in  the  results  of  total 
excision  of  the  thyroids  (and  parathyroids),  both  between 
different  groups  and  between  different  inflividuals  of  the  same 
group.  It  has  been  stated  that  monkeys  develop  symptoms 
resembling  those  of  myxoedema,  but  this  seems  to  be  erroneous. 
In  these  animals  neither  the  thyroids  nor  the  parathyroids  are 
essential  to  life,  and  only  transient  ner\'ous  symptoms  follow 
their  removal.  Rats^  guinea-pigs  and  birds  are  unaffected  by 
the  operation.  In  carnivorous  animals  the  results  are  more 
serious.  Dogs  and  cats  often  suffer  severely  and  die,  but  by 
no  means  invariably.  In  foxes  the  symptoms  apj>ear  very  soon 
(in  a  few  hours),  and  death  is  correspondingly  early.  In  the 
animals  which  surviv^e  no  condition  at  all  resembling  myxcedema 
has  been  observed,  and  nothing  resembling  cretinism  in  animals 
operated  on  while  still  young.  The  typical  nervous  symptoms 
following  the  operation  have  been  described  as  those  of  '  tetany.' 
A  cat  on  the  tirst  day  is  perfectly  well.  On  the  second  day  a 
curious  shaking  of  the  paws  is  seen,  tremors  of  central  origin 
soon  appear,  and  increase  in  severity  until  at  length  they  cul- 
minate in  general  spasmodic  attacks.  Even  when  the  animal 
is  at  rest  tlie  fore-legs  tend  to  be  flexed,  while  the  hind-legs  are 
extended*  and  this  attitude  is  exaggerated  in  the  convulsions 
(Vincent  and  Jolly).  Muscular  weakness  soon  becomes  marked  ; 
the  tissues  waste,  the  temperature  becomes  subnormal,  and  this 
is  associated  with  changes  in  the  heat  regulation  (p.  516).  In 
the  later  stages  unconsciousness  is  associated  with  the  onset 
of  the  convulsions.  Hallucinations  are  often  present.  In  young 
animals  the  symptoms  are  said  to  come  on  more  rapidly,  and 
to  be  more  severe  than  in  old.  If  a  portion  of  the  thyroid  be 
left,  or  a  graft  be  made  of  some  thyroid  tissue  from  an  animal 
of  tlie  s;ime  species,  these  effects  are  entirely  obviated.  A 
hetero-thyroid  graft— i.e.,  a  graft  of  thyroid  tissue  from  an 
animal  of  a  different  kind — does  not  succeed,  or  at  most  only 
lielween  such  nearly  related  groups  as  the  rabbit  and  the  guinea- 
pig.  The  alien  thyroid  cells  are  destroyed  by  cytolysins  (p.  22) 
in  the  serum  and  tissue  liquids  of  the  animal.  When  a  small 
part  of  a  thyroid  is  left,  it  may  undergo  great  hypertrophy,  s"'^ 
the  same  is  true  of  the  sporadic  masses  of  thyroid  tiss' 
sory  thyroids)  which  are  not  infrequently  met  w»* 
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in  the  neighbourhood  of  the  root  of  the  aorta.    The  admintsd 
tion  of  extracts  uf  the  thyroid  glands  by  subcutaneous  injectioi 
or  tlie  Inlands  themselves  by  the  mouth,  brings  about  a  cun 
permanent  &o  long  as  tlie  thyroid   treatment  is  continued. 
cases  of  myxa'dema  in  min,  and  sometimes,  but  with  far   I* 
certainty,  prevents  the  development  of  the  symptoms  in  animi 
or  removes  them  when  they  have  appeared.     The  same  is  true," 
although  in  a  minor  degree,  of  certain  compounds  rich  in  iodine, 
for  instance  the  so-called  iodoth\Tin  or  thyroiodin,  which  have 
been  extracted  from  the  organ. 

It  is  probable  tftat  the  parathyroid  tissue  can  in  the  abseni 
of  the  thyroid  proper  take  on  its  function,  and  animals  in  whicl 
one  or  more  parathyroids  are  left  after  removal  of  the  thyroid 
have  a  better  chance  of  survival  than  if  the  parathyroids  are^ 
also  excised.     While  the  precise  role  ])layed  by  the  thyroid  in 
the  economy  remains  obscure,  it  is  evident  that  in  some  animals 
and  in  man  its  secretion  is  of  great  im^xjrtance,  whether  it 
solely  the  quasi-external  secretion  of  '  colloid,'  containing  tl 
iodotJiyrin,  that  collects  in  its  alveoli  and  slowly  passes  out  o| 
them   by  the  lymphatics,  or  perhaps,  in  addition,  some  oth< 
substance,  which,  like  the  glycogen  of  tlie  liver,  never  finds  il 
way  into  tlie  lumen  of  the  gland-tubes  at  all.     It  is  not  certaini 
however,  that  the  only  cause  of  myxuxiema  and  cretinism  is 
absence  of  the  normal  internal  secretion  of  the  thyroid. 

As  m  the  case  of  other  glands  forming  an  internal  secretion, 
it  has  been  debated  whether  the  function  of  the  thyroid  is  t^^H 
destroy   toxic  bodies  or  to  form  substances  indisp>ensable  oi^| 
advantageous  to  the  organism.     It  is  prol)able  that  it  docs  both.^^ 


The   intravascular  injection  of    iodothyrin   (or  extracts  of    the 
gland)  increases  the  excitability  of  the  inhibitor^'  mechanism  of  the 
heart  and  of  the  depressor,  and  diminishes  that  of  the  aujjment 
and   vaso-cons  trie  tor   apixiratus.     A    fall   of   blood-pressure    tak 
place,   partly   due  to  the  slo\ving  of  the   heart  and   partly   to 
dilatation  of  the  vessels.      Neutral  inorganic  salts  of  iodine,  such 
sodium  iodide,  have  the  opposite  effect,  paralyzing  the  vagus  and 
depressor  fibres,  increasing  the  excitability  of  the  augmcntors  and 
vaso -constrictors,  and  causing  in  both  ways  an  increase  of  bU»od- 
pressure.     Iodothyrin,   in    fact,   acts  much   as  muscarin   docs,   and 
iodine  salts  act  like  atropia.     Cyon  bases  ujxjn   these  results   t 
theory  that  it  is  the  office  of  the  thyroid,  although  not  neccssari 
the  only  one.  to  transfomi  into  an  organic  combinarion  the  iodi 
salts  taken  into  the  body,  wliich  otherwise  would  act  as  poisons  t 
the  nerves  of  the  heart  and  blocKivessels.     Not  only  are  the  iodiii< 
salts  thus  rendered  liarmlcss.  but  the  iodothyrin  formed  by  th 
union  with  proteids  or  proteid-like  IxKlics  is  beneficial  to  the  act 
of  the  vascular  mechanism.     He  attributes  the  circulatory-  syni 
toms  that  follow  removal  of  the  th>Toid  (constriction  of  the  s 
arteries,  miirked  acceleration  and  cons<?quent  weakening  of  the  he 
and  diminution  of  the  output)  to  the  Joss  of  tliis  regulative  influcnc 
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Although  no  clear  proof  has  yet  been  given  that  the  secretion 
ni  the  thyroid  ifi  influenced  hy  nerves,  it  is  ]>robable  that  this  is 
the  case.  SL-ctitm  of  the  su|)erior  and  inferior  thyroid  nerves 
goiiif;  to  tiie  gland  is  followed  by  degenerative  changes  in  it  ; 
and,  indeed,  extirpation  of  the  gland  causes  degeneration  in  the 
nerves  from  which  the  thyroid  libres  come,  viz.,  the  vagus  and 
its  sui>erior  and  inferior  laryngeal  branches  (Katzenstein). 

Suprarenal  Capsules.— It  had  been  observed  by  Addison  that 
the  malady  whicli  now  l»ears  his  name,  and  in  which  certain 
vascular  changes,  with  muscular  weakness  and  pigmentation  or 
'  bronzing  *  of  the  skin^  are  prominent  symptoms,  was  associated 
with  disease  of  the  supra- 
renals.  This  clinical  re- 
sult was  soon  supple- 
mented by  the  discovery 
that  extirpation  of  the 
capsules  in  animals  is  in- 
compatible with  life 
(Brown  -  S^uard).  Our 
knowledge  of  the  func- 
tions of  these  hitherto 
enigmatic  organs  was 
greatly  extended  by  the 
experiments  of  Oliver 
and  Schafer,  who  investi- 
gated  the  action  of  extracts 
of  the  suprarenals  (of  calf, 
sheep,  dog,  guinea-pig  and 
man)  when  injected  into 
the  veins  of  animals.  The 
arteries  are  greatly  con- 
tracted, and  this  mainly 
through  direct  action  on 
the  vaso-motor  norve-end- 
ings  or  some  structure  in- 
termediate between  them 
and  the  smooth  muscle  of 
the    vessels,    but    partly 

through  (he  vaso-motor  centre.  The  blood-pressure  rises  rapidly, 
although  the  heart  is  strongly  inhibited  through  tlie  vagus 
centre.  The  heart  is  at  the  same  time  directly  stimulated,  so 
that  although  it  beats  slowly,  the  beats  are  stronger  than  before. 
Wien  the  vagi  are  cut  the  action  nf  tlie  heart  is  markedly 
augmented,  and  the  arterial  pressure  rises  enormously  (to  four 
or  five  times  its  original  amount).  Stimulation  of  the  depressor 
is  of  no  avail  in  combating  this  increase  of  blood-pressure.    The 


Fig.     166. 


(Vincent    Mto 


PARATnVROlD 
JOLLV). 

A  small  portion  of  parathyroid  of  cat 
pml>edtlcd  in  th>To  d  tissue.  It  consists  lor 
the  most  part  of  solid  culuinns  f>(  I'pithdial 
cHls  (3.  s  8)  with  strands  of  vaacuiar  con- 
nective tissite  (6).  A  th\Toid  vesicle  (11)  and 
|Mirtioiis  of  two  Cithers  11.  10)  are  seen  in  tb*1 
iowcr  part  of  the  figure,  separated  from  the 
parathyroid  by  a  lihroiis  (_j(>siilr  (j).  i,  7. 
MoodveiseU  .  0.  lower  boundary  •<(  the  para* 
th jToid  li^ue.    (xsooO 
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vessels  of  the  conjunctiva  are  constricted  by  local  action  vr 

an  extract  of  the  capsules  is  dropped  into  the  eye,  a  fact  whi' 
has  proved  of  value  in  ophthalinologiad  jiractice.     Inhibit! 
of  the  contraction  of  the  stomach,  intestine,  urinary   bladd 
and  gall-bladder  ;  contraction  of  the  uterus,  vas  deferens,  and 
seminal  vesicles  ;   dilatation  of  the  pupil  and  retraction  of  the 
nictitating  membrane  ;  stimulation  of  the  salivary  and  lachrym 
secretions,  are   among   its   actions  (Langley).     The   generaliza- 
tion   may    l>c   made    that    suprarenal    extract    or    adrenal 

its  active  principle,   acts 
upon  all  plain  muscle  and 
fCland-cells    that   are  sup- 
plied    with     s^Tnpatlietic 
ner\'e-fibres,  and  the  result 
of  the  action,  whether  aug 
mentation  or  inhibition, 
the    same    as    would 
produced   by  stimuJatio 
of  the  sympathetic  fibres 
going   to    the   muscle    or 
gland  in  question.     Yet  it 
is  not  through  excitation 
of   these   fibres   that   the 
adrenalin  acts,  for  its  effect 
is  even  more  pronounced 
when  the  nerve-fibres  hav 
been  caused  to  degenerate 
in  the  case  of  the  pupill 
dilator  fibres,  f.g..  by  ex 
cision  of  the  superior  cer- 
vical ganglion.    Nor  is  the 
effect  a  direct  one  on  the 
muscular   fibres.     For 
smooth   muscle    which    is 
not,  and  never  has  been, 
in  functional   union    with 
sympathetic     nerve-fibres 
is  indifferent  to  adrenalin 
(Elliott).    It  seems,  then,  to  act  on  some  structure  intermediate 
between  the  ner\'e  and  the  muscle,  but  so  related  to  the  latter 
that  it  continues  to  live  so  long  as  it  is  in  connection  with  the 
muscle  fibre.     The  curve  of  contraction  of  the  skeletal  muscles 
is  lengthened  as  in  vcratria  poisoning  (p.  574),  though  to  a  less 
extent.     Adrenalin  (C,,H.^jNO,,)  is  solely  contained  in  the  medulla 
of  the  gland,  and  such  is  its  extraordinary  power,  that  a  dose 
of  one-millionth  of    a   gramme   per    kilo    of    body  -  weight  is 
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FlO.    167. — PARATUVROtO  (ViNCEST  AMD 

Jolly). 

A  portion  of  paralfayroid  of  a  cat  which 
had  been  left  behind  after  removal  of  both 
thyroid  lobes,  cxamiaed  several  weeks  later. 
Numerous  irregular  spaces  (3,  1,  xo,  12)  are 
seen  with  boundaries  of  epithelial  cells,  some* 
times  of  columnar  form.  They  represent  the 
fixst  itage  in  lhe  development  of  thyroid 
vejtcles.  These  spaces  may  be  empty,  or 
may  contain  cellular  d^-bris  (7.  g)  or  colloid 
(13).  This  is  the  hrst  stage  of  traiisitioa  from 
parathyroid  to  thyroid.  1.  columnar  epithe- 
lial cells :  3.  f^,  solid  columas  of  epithelial 
cells;  3.  richly  vaKuIar  interstitial  tissur*; 
6,  II,  bluoJvesicls.     (y6oo.) 
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sufficient  to  cause  a  distinct  effect  upon  the  heart  and  blood- 
vessels (a  rise  of  pressure  of  14  millimetres  Hg).  It  is  employed 
in  medicine  in  the  form  of  a  dilute  solution  of  adrenalin  chloride, 
as  a  styptic,  and  for  reducing  congestion  in  accessible  parts. 
It  was  entirely  absent  from  tlie  suprarenais  of  a  person  who  had 
died  of  Addison's  disease.  The  function  of  the  capsules  is  to 
secrete  this  substance,  which  is  probably  "^f  great  physiological 
importance  for  maintaining  the  tonicity  of  the  muscular  tissues 
in  general,  and  fspeciallv  of  the  heart  and  arterites.  It  is  possible 
that  jn  addition  toxic  bodies  are  neutralized  or  destroyed  in  the 
glands.  The  existence  of  secretory  fibres  for  the  suprarenal 
capsules  in  the  splanchnic  nerves  has  been  rendered  probable 
by  the  exjwrimcnts  of  Dreyer,  who  finds  that  the  am<iunt  of 
active  substance  in  the  bluod  of  the  suprarenal  vein,  as  tested 


' i«ii>iitifitf 

Pig.  166. — Action  or  Extract  or  HvrorHvsKAL  Lobk  or  PiTUtTARV  oh  thb 
BLooD-rneasuRK  (W.  W.  tlAMnnKOER). 

The  signal  Line  at  tbe  top  shows  the  time  and  length  of  injectioa  of  the  saline 
extract  into  the  blood.  Time  trace  (at  bottom)  shows  second  intervals.  The 
figure  is  to  be  read  from  left  to  right- 


by   its   physiological   e£fGCt  when   injected   into   an   animal,    is 
increased  by  stimulation  of  those  nerves. 

Pituitary  Body. — When  the  pituitar\'  body  is  removed  (in 
cats  or  dogs),  death  generally  occurs  within  a  fortnight,  with 
symptoms  some  of  which — for  instance^  muscular  tremors  and 
spasms — resemble  those  that  follow  excision  of  the  thyroid.  It 
has  been  stated,  too,  that  the  pituitary  undergoes  (compen- 
satory ?)  hypertrophy  after  thyroidectomy,  and  some  observers 
have  accordingly  assumed  a  similarity  of  function  for  these 
organs.  But.  according  to  Schafer,  there  is  no  basis  for  this 
assimnption.  For  in  man  pathological  changes  in  the  pituitary 
body  are  associated,  not  with  myxoedema,  as  disease  of  the 
th3rroid  is,  but  with  another  condition,  called  acromegaly,  in 
which  the  bones  of  the  limbs  and  face  beconie  h\^^ertrophied. 
In  accordance  with  this,  administration  of  the  dried  gland  to 
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dogs  caused  an  increased  excretion  of  calcium  on   a  diet  ricm 
in  calcium,  accompanied   in  the  rase  of   the  ]>osterior  lobe  by] 
an  increased  output   of   magnesium.     This   indicates    that   the' 
posterior  lot)e  at  any  rate  may  have  an  influence  on  the  meta- 
bolism of  bone  (Malcolm). 


iMINIHIiMi^^ 
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Fig. 


[6y. — ErPECT  OF  Bone-harrow  os  Blood-pressure,    Iktravkkous 
Injection  ok  Saline  Extract.     Vagi  Intact. 


The  uppcnnost  line  is  a  signal  trace  showing  the  time  and  length  of  injection. 
lielnw  this  is  the  record  of  the  respiratory  movements,  and  lowest  the  blood- 
pressure  tracing. 

The  effects  on  tlie  vascular  system  of  intravenous  injection  of 
extracts  of  the  gland  are  also  very  different  from  those  caused 
by  thyroid  extract.  The  posterior  lobe,  or  infundibular  Vxxly, 
contains  two  active  substajices,  one  pressor  and  the  other  de- 
f>rcssor.  The  former  is  soluble  in  salt  solution,  but  insoluble  in 
^ absolute  alcohol   and  ether; 


iMitn^^ 


while  the  latter  is  soluble  in 
salt  solution  as  well   as    in 
alcohol  and  ether.  The  pressor 
^^^Ik  substance  causes  a  great  rise 

^WHF  \  ^.-i^li   ^^  blood-pressure,  due  jjartly 

W  J0f^^   ^^  constriction  of  the  arte- 

^^  Jr^  rioles   and   partly  to  an 

'l^^^^^^  increase   in  the  force  of   the 

^ttfl^  heart-beat,    both    of    which 

are  brought  about  by  direct 
action.  This  rise  of  pressure 
lasts  for  a  considerable  time, 
and  is  sometimes  accom- 
panied by  a  slowing  of  the  heart.  A  second  dose  injected 
before  the  effect  of  the  first  has  passed  of!  is  inactive  ;  and 
this  distinguishes   the    pituitary   from    the   suprarenal   extract. 


Fig.     170. — Is-jEtrroN     oi'     Exthact    of 
Bone-uarrow  with  the  Vagi  Cut. 

To  b«  read  from  left  to  right. 
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The  depressor  substance  produces  a  marked  fall  of  blood- 
pressure,  even  when  it  is  injected  during  the  rise  of  pressure 
caused  by  an  injection  of  the  pressor  substance.  The  anterior 
lobe,  or  hypophysis,  also  contains  a  depressor  substance.  Intra- 
venous injection  of  a  sahne  extract  causes  a  distinct  fall  of 
blood-pressure,  accompanied  usually  by  acceleration  and  weaken- 
ing of  the  heart.  A  second  injection  immediately  following 
the  first  produces  no  change  in  the  pressure  (W.  W.  Hamburger). 

Extracts  of  nervous  tissue  (sciatic  ner\'c,  white  matter  of  brain,  and 
spinal  cord,  but  especially  gray  matter  of  brain)  cause,  on  injection 
into  the  veins,  a  decided  fall  of  arterial  blood- pressure,  which  soon 
passes  off,  and  can  be  renewed  by  a  fresh  injection.  The  fall  of 
pressure  is  due  to  direct  action  upon  the  bloodvessels  of  a  depressor 
substance  in  the  extracts,  and  not  to  the  action  of  vaso-motor  nerves. 
It  can  be  obtained  after  section  of  the  vagi. 

Extracts  of  muscular  tissue  also  cause  a  distinct  though  transient 
fall  of  pressure,  but  not  so  great  a  fall  as  in  the  case  of  extracts  of 
nervous  tissue.  Saline  decoctions  of  other  tissues  (testis,  kidney, 
spleen,  pancreas,  liver,  mucous  membrane  of  stomach  and  intestine. 
lung,  and  mammar\'  gland)  all  produce  a  fall  of  blood- pressure 
(Osborne  and  Vincent).  The  same  is  true  of  bone-marrow  (Brown 
and  Guthrie;  Figs.  169,  170).  It  must  be  repeated  that  there  is 
no  evidence  that  these  depressor  substances  are  specific  internal 
secretions  in  the  same  sense  as  adrenalin. 

The  spleen  does  not  produce  an  internal  secretion  necessary  to 
life,  for  it  can  be  removed  bcjth  in  animals  and  in  man,  not  only 
witiiout  causing  death,  but  often  without  the  development  of  any 
serious  symptoms.  Its  blood-forming  and  blood-destroying 
functions  (p.  17)  arc  taken  on  by  other  structures  (particularly  the 
red  bone-marrow),  but  the  formation  of  the  bile-pigment  is  mter- 
fered  with,  and  its  amount  reduced  by  more  than  50  per  cent. 
(Puglicse).  The  production  of  trypsinogcn  by  the  pancreas  is  also 
said  to  be  diminished,  whereas  if  an  extract  of  spleen  be  injected  into 
the  circulation  of  an  animal  deprived  of  its  spleen,  the  amount  of 
trypsinogen  is  increased.  It  has,  therefore,  been  supposed  that  the 
spleen  forms  a  substance  (protrypsinogcn)  which,  passing  into  the 
blood,  is  taken  u]i  by  the  i>ancre;is  and  elaborated  into  trypsin- 
ogcn (p.  .^^8). 

The  salivary  glands  may  be  extirpated  without  the  slightest 
change  being  pnxluced  in  the  normal  metabolism. 

Esctracts  ot  the  pineal  gland  injected  into  the  ^rculation  have 
no  effect  other  than  that  due  to  the  inorganic  constituents  of  the 
'  brain  saud.' 
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From  the  earliest  ages  it  must  have  been  noticed  that  the  Ixxlif 
of  many  animals,  and  particularly  of  men,  are  warmer 
the   air   and   than   most   objects   around   them.     The    '  viilg 
opinion  '  of  Bacon's  time,  '  that  fishes  are  the  least  warm  inter 
ally,  and  birds  the  most,*  if  it  does  not  imply  a  very  extensi 
knowledge    of    animal    temperature,    at    least    shows    that 
fundamental    distinction    of   warm    and   cold-blooded    anim 
which   is  to-day  more  accurately  expressed  as  the  distinction' 
between  animals  of  constant  temperature  (homoiothemial)  and 
animals    of    variable    temperature    (poikilothermal),    had 
gras}>ed.  and  was  even  popularly  known.     Since  that  time 
accumulation  of  accurate  numerical   results,   and  the.  advance 
of  physical  and  physiological  doctrine,   have  given  us  definite^— 
ideas  as  to  the  relation  of  animal  heat  to  the  metabolic  p^o^H 
cesses  of  the  body.     It  is  impossible  to  imderstand  the  present^^ 
position  of  the  subject  without  an  elementary  knowledge  of  the 
science  of  heat.     For  tliis  the  student  is  referred  to  a  text-book 
of  |)hysics.     All  that  can  be  done  here  is  to  jireface  the  physio- 
lofiical  portion  of  the  subject  by  a  few  remarks  on  the  |)hysi( 
methods  and  mstrimients  employed  : 

Temperature. — Two  bodies  arc  at  the  same  temperature  if,  whei 
placed  in  contact,  no  exchanf;e  of  heat  Uikcs  place  l>etwecn  thci 
They  are  at  different  temperatures  if,  on  the  whole,  heat  passes  froi 
one  to  the  other,  and  that  body  from  which  the  heat  passes  is  at  tl 
higher  temperature.     It  is  known  by  experiment  tliat  if  t\vo  bodii 
of  different  temperature  are  placed  in  contact,  heat  will  pass  froi 
one  to  the  other  till  they  c^>me  to  have  the  same  temperature,     li 
then,  we  have  the  means  of  finding:  out  the  temperature  of  any  one' 
body,  we  c^n  arrive  at  the  temperature  of  any  other  by  placing  the 
two  in  contact  for  a  sufficiently  lonp  time,  under  the  pro\nso  that  thoj 
quantity  of  heat  necessary  to  brint;  the  temperature  of  the  first  bod] 
which  may  be  called  the  '  measuring  '  body,  to  equality  with  that 
the  second,  is  so  small  as  not  to  make  a  sensible  difference  in  tl 
latter.     This  is  the  principle  on  which  thermometric  raeasuremcnl 
depend.     A  mercurial  thermometer  consists  of  a  quantity  of  men 
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ordinarily  contained  in  a  thin  glass  bulb,  the  cavity  of  which  is  con- 
tinued into  a  tube  of  very  fine  bore  in  the  stem.  Like  most  other 
substances,  mercury-  exi>ands  when  the  temperature  rises,  and  con- 
tracts when  it  sinks,  and  the  amount  of  expansion  or  contraction  is 
shown  by  the  rise  or  fall  of  the  mercurial  column  in  the  stem  of  the 
thermometer.  The  point  at  which  the  meniscus  stands  when  the 
bulb  is  immersed  in  melting  ice  or  ice-cold  water  is,  on  the  centi- 
grade scale,  taken  as  zero  :  the  point  at  which  it  stands  when  the 
thermometer  is  surrounded  by  the  steam  rising  from  a  vessel  of 
boiling  water  is  taken  as  kk)  degrees.  The  intermediate  portion  of 
the  stem  is  ilivided  into  degrees  and  Iractioas  of  degrees.  Wlien, 
now.  we  measure  the  temperature  of  any  part  of  an  animal  with  such 
a  thermometer,  we  place  the  bulb  in  contact  with  the  part  until  the 
mercury  has  ceased  to  rise  or  fall.  We  know  then  that  the  mercury'" 
has  ceased  to  expand  or  contract,  and  therefore  that  its  temperature 
is  stationary',  and  presumably  the  same  as  that  of  the  part,  ft  is  to 
be  noted  that  we  have  gained  no  information  whatever  as  to  the 
amount  of  heat  in  the  body  of  the  animal.  We  have  only  observed 
that  the  mercury  of  the  thermometer  when  its  temperature  is  the 
same  iis  that  of  the  given  part  expands  to  an  extent  marked  bv  Ihe 
division  of  the  scale  at  which  the  column  is  stationary.  And  we  know 
tluit  if  the  mercury  rises  to  the  same  point  when  tlie  thermometer  is 
apphed  to  another  part,  the  temperature  of  the  Utter  is  the  same 
as  tluit  ol  the  first  part ;  if  the  mercury  rises  higher,  the  temperature 
is  greater  ;  if  not  so  high,  it  is  less.  The  thermometer,  then,  onlv 
informs  us  whether  heat  would  How  from  or  into  the  part  with  which 
it  is  in  contact  if  the  part  were  placed  in  thermal  connection  with  any 
other  body  "f  which  the  temi>erature  is  known.  In  other  words,  the 
temperature  is  a  measure  of  tlie  heat  '  tension.'  so  to  speak  :  and 
difference  of  temperature  between  two  txidies  is  analogous  to  differ- 
ence of  potential  between  the  i>oles  of  a  voltaic  cell  (p.  535),  or  to 
difference  of  level  between  the  surface  of  a  mill-pond  and  the  race 
below  the  wheel. 

The  temperature  of  an  animal  is  measured  in  one  of  the  natural 
cavities,  as  the  rectum,  vagina,  mouth,  or  external  ear,  or  in  the 
axilla,  or  at  any  part  of  the  skin.  For  the  cavities  a  mercury 
thermometer  is  ne;irly  alwa>'s  used  ;  the  ordinary  little  truixwtHm 
thermometer  is  most  convenient  for  clinicil  purposes.  The  tcm- 
l>erature  of  the  skin  may  be  mcAsured  by  an  ordinary'  mercury  ther- 
mometer, the  outer  portion  of  the  bulb  of  which  is  covered  by  some 
badly  conducting  material.  An  uncovered  thermometer,  heated 
nearly  to  the  temj^jerature  expected,  will  also  give  results  sufficiently 
accurate  for  most  purj>oses,  especially  if  the  bulb  is  flat  or  in  the  fonn 
of  a  tlat  spinil.  which  can  be  easily  applied  to  tlic  surface.  \ 
theoretically  better  method,  but  more  latvorious  in  practice.  13  the 
use  of  a  thermo-electric  jimction.  or  a  resistance  thermometer  formed 
of  a  grating  cut  out  of  thin  lead-paper  or  tinfoil  (Fig.  171).  This 
is  especiallv  useful  for  comparing  the  temperature  of  two  portions 
of  skin.  The  temperature  of  the  solid  tissues  and  liquids  of  tne  body 
may  also  be  measured  or  compared  by  the  insertion  of  mercurial  or 
r€»sistancc  thermometers  or  thermo-electric  junctions  (p.  583). 

Calorimetry. — The  quantity  of  heat  given  off  by  an  animal  is 
generally  measured  by  the  rise  of  temperature  which  it  protluccs  in 
a  known  mass  of  some  standard  substance.  Sometimes,  however. 
as  in  the  ice-calorimeter  of  Uavoisier  and  Laplace  r.nd  the  ctlicr 
calorimeter  of  Rosenllial,  a  physir«"  '  m  the  ono 
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case  liquefaction  of  ice,  in  the  other  evaporation  of  ether — U  ta 
as  token  and  measure  of  heat  received  by  the  measuring  substani 
the  number  of  units  of  heat  correspond inp;  to  liquefaction  of  uni 
mass  of  ice  or  evaporation  of  unit  mass  of  ether  t>eing  known.      Tl 
unit  generally  adopted  in  the  measurement  of  heat  is  the  quaniit 
required  to  raise  the  temperature  of  a  kilogramme  of  water  i 
which    is   called    a   caloric,    or    kilocalorie,   or   large   caloric.       T 
thousandth  part  of  this,  the  ouantity  needed  to  raise  the  ietn|)€tratu 
of  a  gramme  of  water  by  i ',  is  termed  a  small  calorie  or  miUicalorie 

In  lUe  calorimeters  which  have  been  chiefly  used  in  physiology: 
cither  water  or  air  has  been  taken  as  the  measuring  substance.      T 
simplest  form  of  water  calorimeter  is  a  t>ox  with  double  walls,  t 

space   between   which   is   filled    wit 
a    weighed    quantity   of    water.     ThO 
animal  is  placed  inside  the  vessel,  and 
the  tcmi>eraturc  of  the  water  noted  at 
the  beginning  and  end  of  the  expert 
ment.     Suppose  that  the  quantity  o: 
water  is   lo  kilos,  and  that  the  tem- 
jwraturc   rises   i°  in   thirty   minutes, 
then  the  amount  of  heat  lost  by  the 
animal  is  lo.ooo  small  calone^  in  th 
half-hour,   or  480,000  in  the  twenty 
four  hours ;  and  if  the  rectal  tempera- 
turc    is   unchanged   this    will    also  be 
the  amount  of  heat  produced. 

Here  we  assume  ( i )  that  all  the  heat 
lost  by  the  animal  has  gone  to  heat  th« 
water  and  none  to  heat  the  metal  of 
the  calorimeter ;  (2)  that  none  has  been 
radiated  away  from  the  outer  surface 
of  the  latter.  The  first  assumption 
will  seldom  introduce  any  sensible  error 
in  a  prolonged  physiological  experi- 
ment ;  but  it  is  very  easy  to  determine 
by  a  separate  observation  the  water- 
equivalent  of  the  calorimeter — that  is, 
the  quantity  of  water  whose  tempera- 
ture will  be  raised  1^  by  a  quantity  of 
heat  which  just  suffices  to  raise  the 
temperature  of  the  metal  by  i* 
(P*  533**  I  hen  the  water-equivalent 
is  added  to  the  q uant ily  of  water 
actually  present,  and  the  sum  is  multiplied  by  the  rise  of  tempera 
ture.  li  the  temperature  of  the  room  is  constant,  as  u-ill  be 
approximately  the  case  in  a  cellar,  any  error  due  to  interchange  of 
heat  between  the  calorimeter  and  its  surroundings  may  be  eliminated 
by  making  the  initial  temperature  of  the  water  as  much  less  than  that 
ol  the  air  as  the  final  temperature  exceeds  it.  Then  if  the  loss  o 
heat  by  the  animal  is  uniform,  as  much  heat  is  gained  during  the  first 
half  of  the  experiment  by  the  calorimeter  from  the  air  as  is  lost  by 
it  to  the  air  during  the  last  half.  Or,  without  lowering  the  tem- 
perature of  tlic  water,  the  amount  of  heat  lost  by  the  calorimeter 
during  an  expenment  may  he  previously  determined  by  a  special 
obscrA'ation,  and  added  to  the  quantity  calculated  from  the  observed.' 
rise  of  tcmi>erature.     Or,  finally,  two  similar  calorimeters  may 


Fig.    171.  —  Rksistam-'.     riu-.K- 

UOHETER    POR    Ml;  \>-l.KISG 
TSMPKRATUKE  OP  SkiN. 

G,  grating  of  lead-paper,  at- 
tached (o  a  cover-slip,  aad 
mounted  on  a  holder  ;  W,  W, 
wtrrs  to  the  Whcatstonc's  bridge. 
An  incre  ase  vi  liu  11  per  a  t  ure 
causes  an  inrreasu  lit  the  re- 
sistance of  the  lead.  The  balance 
of  the  bridge  is  thus  disturbed. 
By  experimental  graduation  the 
temperature  value  of  the  de6ec« 
tion,  or  of  the  change  of  resist- 
ance that  balances  it,  1%  kium-n 
(p.  583). 
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usedt  one  containing  the  animal  and  the  other  a  hydrogen  flame,  or  a 
coil  of  wire  traversed  by  a  x-oltaic  current,  which  is  regulated  so  as 
to  keep  the  temperature  the  same  in  the  two  calorimeters.  From 
the  quantity  of  hydrogen  burnt,  or  electricity  passed,  the  heat- 
production  of  the  animal  can  be  calculated. 

In  Atwater's  great  respiration  calorimeter  (Fig.  172)  both  the  heat 
production  and  the  respiratory  exchanyc  are  measured.      The  heat 


Ftc.  172. — Respiration  Calommktsr  {Atwatkr). 

loteriar  of  chamber.  A  rorticr  uf  tho  iiwter  copper  wall  is  lappcited  to  be  taken 
away.  The  ventilating  air>current  enters  the  chamber  mt  the  Inwer  end  of  W, 
and  leaves  tbc  chamber  through  the  long  lube  fastened  above  W.  The  copper 
tubes  H,  H  are  surrounded  by  copper  disc«  I,  t.  fastened  on  them  like  a  string 
of  beads  tn  iurrease  the  surface.  These  lubes  constitute  the  arrangement 
through  which  the  stream  of  water  flows  which  removes  tho  heat  formed  in 
the  chamber.  J,  J  .ire  copper  triiughs  which  receive  the  water  dropping 
from  H,  H.  M,  M,  M  are  electrical  thermometers  which  show  the  lemperature 
ol  the  chamber  :  N.  K,  similar  thermocneters  which  show  the  temperature  ot  tbc 
copper  wall. 

produced  by  tho  person  in  the  calorimeter  is  carried  away  from  it 
Dv  a  stream  of  water  (lowing  through  the  chamber  in  a  series  of 
tubes,  the  temperature  within  the  calorimeter  being  kept  constant  by 
regiilaring  the  temperature  and  velocity  of  the  entering:  stream  of 
water.     The  quantity  of  the  escaping  water  and  the  increase  in  it5 
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temperature  are  measured,  and  the  heat  production  c-an  then  be 
calculated.  The  apparatus  consists  of  a  chamber  in  which  a  human 
being  can  live  for  several  days  and  nights.  A  stream  of  air  is  supplied 
and  the  chemical  clianges  produced  in  this  are  investigated  in  the 
manner  already  described  (p.  212). 

Air  calorimeters  have  sometimes  been  used  for  physiological 
purposes.  A  diagram  of  one  is  shown  in  Fig.  173.  Such  calori- 
meters are  really  thermometers  with  an  immense  radiating  surface, 
for  only  a  small  proportion  of  the  heat  given  ofl  by  the  animal  goes 
to  heat  the  measuring  substance.     The  heat  required  to  raise  the 
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{/.),  crofis-section  ;  (//.)•  loagitudinal  secticHi ;  A,  cavity 
catorimeter  f<»r  animal  ;  B,  copper  cylinder  corrugated  so  as  to 
increase  the  radiating  surface  :  C.  air  space  enclosed  bftwcrn  B 
and  a  couccntric  copper  cyliiidor  F  ;  C  is  air-tight,  and  is  connected  by  the  tube  2 
with  the  manometer  M.  The  other  end  of  the  manometer  is  connected  with  an 
exactly  similiir  calorimeter,  in  which  a  hydrogen  flame  is  burnt  in  the  space  cor- 
responding In  A.  or  in  which  the  air  in  A  is  healed  by  a  rniJ  of  wire  traversed  by 
an  electrical  current.  The  flame  or  current  is  regulated  so  as  to  keep  the  coloured 
petroleum  or  mercury  in  the  manometer  M  at  the  same  Irvcl  in  both  limbs  ;  the 
amount  of  heal  given  off  In  (he  nne  calorimeter  by  the  flame  or  current  is  thrn 
equal  lo  that  given  otT  by  the  animal  to  the  other.  D  is  an  external  cylinder 
of  copper  or  tin  perforated  by  boles  (6.  7)  at  intervals.  The  purpose  of  it  is  to 
prevent  draughts  from  alTecting  the  loss  of  heat  from  F  ;  4.  5,  are  tubes  through 
which  thermometers  can  be  introduced  into  C  ;  i  is  the  terminal  of  a  spiral  tube, 
which  is  coiled  in  the  end  portion  of  the  air  space  C.  The  sections  of  the  coils 
are  indicated  by  smalt  circles.  The  other  end  of  the  spiral  tube  is  3  ;  tlirough 
this  tube  air  is  sucked  out.  and  so  the  proper  ventilation  of  the  animal  Is  kept  up. 
I'he  object  of  the  spiral  arrangement  is  that  the  air  aspirated  out  of  A  may  )i;i\e 
ap  its  heat  to  the  air  in  C  before  passing  out.  £  is  a  door  with  double  glass 
walls. 


temperature  of  a  litre  of  air  by  1°  is  very  small  in  comparison 
with  that  rejquired  to  raise  the  temperature  of  a  litre  of  water 
by  the  same  amount.  Hence  a  given  quantity  of  heat  raises 
the  temperature  of  an  air  calorimeter  much  more  than  that  of  a 
water  calorimeter  of  the  same  dimensions  ;  and  the  loss  of  heat  to 
the  surroundings  bein^j  proportional  to  the  elevation  of  temperature, 
in  the  water  calorimeter  the  chief  part  of  the  heat  is  actually  retained 
in  the  water,  while  in  an  air  calorimeter  the  greater  j)orlion  passes 
through  the  air  space,  and  is  radiated  away.  When  the  amount  of 
heat  lost  by  the  calorimeter  becomes  equal  lo  that  gained  from  the 
animal,  the  '  steady  '  reading  of  the  instrument  is  taken,  and  from 
this   the   heat    production    can   be   deduced    by   an   experimental 
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graduation  o(  the  apparatus.  One  advantage  o(  an  air  calorimeter 
is  that  it  follows  more  closely  rapid  variations  in  the  heat- production 
of  the  animal,  or,  to  speak  more  correctly,  in  the  heat  loss.  It 
should  be  carefully  noted  that  in  calorimctry  what  is  directly 
measured  is  the  quantity  of  heat  given  out  by  the  animal,  not  the 
quantity  produced.  The  two  quantities  are  identical  only  when  the 
temperature  of  the  animal  has  remained  unchanged  throughout  the 
experiment.  If  the  temperature  has  fallen,  the  quantity  of  heat 
produced  is  equal  to  the  quantity  measured  by  the  calorimeter  minus 
the  difference  between  the  quantity  in  the  aaimal  at  the  beginning 
and  at  the  end  of  the  observation.  lliis  difference  is  equal  to  the 
average  specific  heal  of  the  animal  multipUcd  by  its  weight  and  by 
the  fall  of  temperature.  It  can  be  approximately  found  by  multiply- 
ing the  weight  (in  kilogrammes  or  grammes)  by  the  fall  of  rectal 
lem|)eraturc  (in  degrees),  since  the  average  spectre  he^t  of  the  body 
(of  a  m:immal  at  least)  is  not  very  different  from  that  of  water,  and 
the  specific  heat  of  witcr  is  taken  as  unit^'. 

AH  the  higher  animals  (mammals  and  birds)  have  a  prac- 
tically constant  internal  tem]>erature  (fowl  41^^  to  44°  C,  mouse 
37"^  to  38%  dog  38"  to  3{/,  man  ;^f'  in  the  rectum),  but  a  few 
hibernating  mammals,  such  as  the  marmot,  are  homoio  thermal 
in  summer,  poikilothermal  during  their  winter  sleep.  In  the 
lower  forms  the  hodv-tem|>eratiire  follows  closely  the  tcm|x^ra- 
ture  of  the  environment,  and  is  never  very  much  al>ove  it  (frog 
0'5°  to  z''  above  external  temperature).  Both  in  a  frog  and  in 
a  pigeon  heat  is  evolved  as  long  as  life  lasts  ;  but  per  unit  of 
weight  the  amphibian  produces  far  less  than  the  bird,  and  loses 
far  more  readily  what  it  does  produce.  The  temperature  of 
the  frog  may  be  30°  in  June  and  5'  in  January'.  The  structure 
of  its  tissues  is  unaltered  and  their  vitality  unimpaired  by  such 
violent  fluctuations.  But  it  is  necessary,  not  only  for  health, 
but  even  for  life,  that  the  internal  temjxirature  (the  tempera- 
ture of  the  blotKl)  ol  a  man  should  vary  only  within  relatively 
narrow  limits  aroimd  the  mean  of  j^y'^  to  38°  C. 

Why  it  is  that  a  comparatively  high  temperature  should  be 
needed  for  the  full  physiological  activity  of  the  tissues  of  a 
mammal,  while  the  m  many  resj>ects  similar  tissues  of  a  fish 
work  i^erfectly,  although  ]>erhaps  more  sluggishly,  at  a  much 
lower  temperature,  is  not  quite  clear ;  nor  do  we  know  the 
precise  significance  of  that  relative  constancy  of  temperature  in 
the  warm-blooded  animal,  which  is  as  im[K>rtant  and  f>eculiar  as 
its  absolute  height.  The  higher  animals  must  possess  a  superior 
delicacy  of  organization,  hardly  revealed  by  structure,  which 
makes  it  necessary  that  they  should  be  shielded  from  the  shocks 
and  jars  of  varying  temperature  that  less  highly-endowed 
organisms  endure  with  impunity.  Leaving  the  discussion  of  the 
local  differences  and  perio^i^  ■  j^nc  nf  the  temperature  of 

warm-blooded  ani"  us  consider  now 
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the  mechanism  by  which  the  loss  of  heat  is  adjusted  to  its 
duction,  so  that  upon  ihf.  whole  the  onf  balances  the  other. 

Heat-loss.— Heat  is  lost  (i)  irom  the  surfaces  of  the  body- 
by  radiation,  conduction,  and  convection  ;  (2)  as  latent  heat  in 
the  watery  vapour  given  off  by  the  skin  and  lungs  ;  and  (3)  in 
the  excreta.  Even  in  the  bulky  exxrement  of  herbivora  a  com- 
paratively triflinf^  part  of  the  total  heat  is  lost.  The  second 
channel  o(  elimination  is  nuich  more  important ;  the  first  is  in 
general  the  most  im|TOrtant  of  all. 

The  loss  of  heat  by  direct  radiation  from  a  portion  of  tlie  skin 
or  clothes,  or  from  hair^  fur,  or  ft-athtrs  covering  the  skin,  may 
be  measured  by  means  of  a  thermopile  or  a  resistance  radiometer 
{bolometer).  The  latter  instrument  is  similar  in  principle  and  allied 
in  construction  to  the  resistance  thermometer  used  in  measuring 
superficial  temperatures,  and  already  described  (Fig.  171,  p.  498). 
It  may  consist  of  a  grating  of  lead-paper  or  tinfoil  fixed  vertically 
in  a  small  box  which  protects  it  from  draughts.  The  box  has  a 
sliding  lid,  which  is  kept  closed  till  the  moment  of  the  observation, 
when  it  is  withdrawn  and  the  portion  of  skin  applied  to  the  opening 
at  a  fixed  distance  (3  to  to  cm.)  from  the  grating.  The  intensity 
of  radiation  depends  on  the  excess  of  temperature  of  the  radiating 
surface  over  that  of  the  surroundings,  as  well  as  on  the  nature  of  the 
surface.  The  uncovered  parts  of  the  skin  (face  and  hands  in  man) 
radiate  more  per  unit  of  are^  than  the  clothes  or  hair ;  and  the  warm 
forehead  more  than  the  comparatively  cnol  lobe  of  the  car  or  tip  of 
the  nose.  When  a  man  Ls  sitting  at  rest  in  a  still  atmosphere,  pure 
radiation  plays  a  gieater,  and  conduction  and  convection  play  a 
smaller,  part  in  the  total  loss  of  heat  from  the  skin  than  when  he  is 
walking  about  or  sitting  in  a  dniught.  The  more  rapidly  the  air  in 
contact  with  the  skin  and  clothes  is  renewed,  the  lower,  other  things 
being  ecjual.  the  temperature  of  the  radiatmg  surfaces  is  kept,  the 
greater  is  the  loss  of  heat  by  conduction  to  the  adjacent  portions  of 
air.  and  the  smaller  the  loss  by  radiation  to  the  walls  of  the  room, 
the  furniture,  and  other  surrounding  objects.  It  is  probable  that. 
under  the  most  favourable  conditions,  the  amount  of  heat  lost  from 
the  surface  by  true  radiation  does  not  exceed  the  amount  lost  by 
conduction  and  convection. 

The  loss  of  heat  by  evaporation  of  water  from  the  skin  can  be 
calculated  if  we  know  the  quantity  of  water  so  given  off.  For  a 
gramme  of  water  at  the  ordinaiy  temperature  (say  15"  C.)  needs 
555  mtUicalories  to  convert  it  into  aqueous  vapour  at  the  average 
temperature  of  the  skin.  If  we  take  the  average  quantity  of  wrater 
excreted  as  sweat  in  twenty-four  hours  as  750  c.c,  tins  will  be 
equivalent  to  a  heat-loss  of  416,250 — say,  in  round  numbers,  400,000 
milllcalories. 

The  quantity  of  heat  given  off  by  the  lungs  may  be  also  deduced 
from  calculation,  the  data  being  (i)  the  weight,  temperature,  and 
specific  heat  of  the  expired  air.  and  (2)  the  excess  of  water  it  contains 
in  the  form  of  aqueous  vapour  over  that  contained  in  the  inspired 
air.  Helraholtz  calculated  the  quantity  of  heat  needed  to  warm  the 
air  expired  by  a  man  in  twenty-four  hours  from  an  initial  temperature 
of  20*  to  body-temperature,  at  70,000  small  calories,  and  that  required 
to  evaporate  the  water  given  off  by  the  lungs  at  397,000,  makmg  the 
total  hcat-Ioss  by  the  lungs  from  400,000  to  506.000  small  calories. 


I 

i 
4 


ANIMAL  HEAT 


508 


The  reason  why  a  great  deal  more  water  and  therefore  more  heat  is 
not  given  off  by  the  lungs  with  their  enormous  surface,  and  the  liigh 
degree  of  imbibition  (p.  352)  of  the  cpitheUumof  the  alveoU  is  that 
the  air  is  already  saturated  with  aqueous  vapour,  or  nearly  so, 
before  it  reaches  the  alveoli.  By  direct  calorimctric  observations 
it  was  found  that  a  man  of  70  kilos  weight  gave  off  in  normal 
breathing,  with  an  air-temperature  of  12**  to  15°  C.  from  350.000  to 
4SO,(x)o  small  calories.     Forced  respiration,  as  might  be  expected. 


B,  ropprr  tube  with  mouth- 
picrc.  conneeled  with  the  Ihin 
Itross  r  Jtt«ulc  4  :  4  is  connrctcd 
with  a  ftimilar  rapsulc  {3^  by  a 
shoTl  tuhr.  which  posies  uut 
from  it  at  the  sidr  oppmitc  to 
that  .It  which  B  entrn  :  2  and  1 
.ire  similar  capsules.  From  1  in 
nutlet  tube 'C I  passes  off.  The 
wh»>lc  is  set  in  a  copper  cylinder 
'Ai  ftlled  with  water.  A  piece 
is  sup(H>sed  to  be  cut  out  of  A 
in  order  to  «how  the  capsules. 
A  is  placed  in  another  wider 
copper  ryllnder. 


l-'iG.   17^.— KEsriMATiON  Calorihktkr. 


increased  the  amount  often  to  double  or  even  treble.  A  diagram 
of  a  respiration  calorimeter  (for  measuring  the  heat  given  off  in 
respiration)  is  shown  in  Fig.  174.     (See  Practical  Exercises,  p.  532. 1 

The  following  tabic  gives  an  analysis  of  the  heat-loss  of  an 
average  man.  It  must  Ijc  understood  tliat  the  figures  are  only 
approximate.  In  round  numbers  we  may  say  that  two-thirds 
of  the  heat-loss  is  due  to  radiation,  conduction,  and  convection, 
and  one-third  to  the  evaporation  of  water. 


j*  Evaporation  of  water 
Skin    i  Radiation 

IConduction  (and  convection) 
J  I  Evaporation  of  water  - 

^  (^  Heating  the  expired  air 
Heating  the  excreta     - 


In  the  rabbit,  according  to  Nebelthau,  the  heat  lost  by  evapora- 
tion of  water  is  about  16  per  cent,  of  the  whole,  or  about  half  the 
proportion  in  man.  according  to  the  above  calculation.  This  is  not 
surprising  when  we  reflect  that  the  rabbit  does  not  sweat,  and 
drinks  comparatively  little  water. 

Sources  of  the  Heat  of  the  Body—  Heat-production. — Some 
heat  enters  the  body  as  such  from  witliout — in  the  food,  and 
by  radiation  from  the  sun  and  from  fires.     The  ultimate  source 
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of  all  the  heat  produced  in  the  body  is  tlie  chemical  energy 
the  food  substances.     Whatever  intermediate  forms  this  eneri 
may  assume — wlicthor  the  mechanical  energy  of  muscular  cott' 
traction  ;    the    energy    of   electrical    separation    by    which     t 
currents  of  the  tissues  are  produced ;  the  energy  of   the   ner\' 
impulse  ;  or  the  energy,  be  it  what  it  may.  which  enable-s  the 
living  cells  to  i.>erform  their  chemical  labours— it  all  ultimately 
except  so  far  as  external  mechanical  work  may  be  done,  ap|>ea 
in  the  frirrii  of  heat.     We  do  not  know  at  what  precise  stage  o! 
metabohsni  the  chief  outburst  of  heat  takes  place,  but  we  ma' 
be  sure  that  the  food,  whether  it  is  burned  in  a  caJorimeter  ti 
simpie  end-products   like   carbon   dioxide  and  water,    or   mo 
slowly  oxidi;;ed  in  the  lx)dy,  yields  the  same  amount    of    hea 
providetl  always  that  in  both  cases  it  is  entirely  consumed,  an 
that  no  work  is  transferred  to  the  outside.     In  the  body   th 
combustion  of   carbo-hydrates  and   fats   is  complete  ;    but    the 
nitrogenous   residues   of   t!ie   ])roteids — urea,    uric   acid,    etc. 
can  be  further  oxidized,  and  the  remnant  of  energy  which  the 
yield  niust  be  taken  into  account  in  any  calculation  of  the  tota 
heat-production  founded  i«n  the  heat  of  combustion  of  the  food 
substances.     From  careful  experiments,  it  has  been  found  that 
a   gramme   of   di^y   proteid   (egg-all)uniin),    when   burned    in    a 
calorimeter,    yields   5,735    millicalories    of   heat,    a   gramme  o 
dextrose  3,742,  and  a  gramme  of  animal  fat  9,500  millicalori 
(Stohmann). 

Calorics. 

Meat-equivalent  (jf  1  nraniiue  of  albumin       -         -  5.735 

Albumin  (minus  urea  produced  from  it)    -  4.Q49 

Canc-suji;ar       -.....-  ^^^5  5 

Kreatin   (watpr-frcc)          .         .         _         -         .  4.275 

Starch -         -  4,182 

In  applying  such  results  to  thr  calculation  of  the  heat-production 
of  the  body,  it  is  not  sufficient  to  deduct  from  the  hc:at  of  combustion 
of  the  proteids  the  heat  which  the  residua!  urea  would  yield  if  fully 
oxidized.  For  other  incompletely  oxidized  products  arise  frorn 
proteids  when  consumed  in  the  body,  and  Rubncr  has  shown,  by 
actually  determining  the  heat  of  combustiun  of  the  urine  and  fceces, 
that  the  real  equivalent  of  a  gramme  of  albumin  is  at  most  only 
4,420  millicalories.  The  heat-equivalent  of  our  less  Uberal  specimen^ 
diet  (p.  478)  will  be  approximately  : 

MiUiaUoricA. 

Proteid.  95  grammes  x      4.420        =  419,900 

Fat.  80  grammes  x      9,500        =  760,000 

Carbo-hydrate   (reckoned   as 

dextrose),  320  grammes         x      3.742        =        [,197*400 


nc 
:a^| 
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Tlie  heat -equivalent  of  the  more  generous  specimen  diet  (p.  480)1 
would  be  2,878,500  railliciLlories. 
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But  this  is  the  diet  of  a  man  doing  a  fair  day's  work  ;  and  to 
get  the  quantity  of  energy  which  actually  appears  as  heat,  the  hcat- 
equivalent  of  the  mechanical  work  jxTformcd  must  be  deducted. 
A  fair  day's  work  is  about  1 5o,cxv>  kilogramme-metres — that  is,  an 
amount  equal  to  the  raising  of  1 5o.ao(j  kilogrammes  to  the  height 
of  a  metre.  Now,  a  kilogramme-degree  or  calorie  of  heat  is 
equivalent  to.  say,  427  kilogramme-metres  of  work,  and  a  kilo- 
gramme-metre to  millicalories.     The  heat-equivalent   of    the 

day's    work    is.    therefore,     i  50,ock)  x  ^  35 1,000  ^  millicalories. 

4*7 
Deducting  this  from  the  heat-equivalent  of  the  food,  we  get  in  round 
numbers  a.s^a.oix)  millicalories  as  the  heat  given  off  on  the  more 
hberal  diet.     This  corrcsp^onds  fairly  well  with  the  calculated  heat- 
joss  (p.  503), 

The  following  table,  based  on  the  direct  calori  metric  observations 
of  Atwater,  shows  the  average  heat-production  in  a  large  number  ol 
experiments  on  several  individuals  at  rest  and  doing  measured 
amounts  of  work.  u*ith  a  stationary  bicycle,  for  instance.  This  was 
connected  with  a  small  dynamo,  wfiich  transformed  the  greater  part 
of  the  work  into  electrical  energy.  The  electrical  energy  in  its  turn 
was  changed  into  heat,  the  current  passing  through  a  lamp: 


Hcftt  clii 
7  B.m.    I  p.m. 

.in««l..rHoor.               \  ""^^T.^li^ '"'' 

NighLtirae. 
T  p.(«.  '  1  a.iB. 

s^il'7*'^  1p.m.   7 P^".   <«."■ 

10           10           10      L  to 

'J^S        to     1     W     ,     10          tu 

H 

t  p^m.     7  pm.     t  a.m. 

7».ni. 

■*«•           .p-m. 

7p.n1. 

i«.m.   7«.Ri. 

Rest     expert- 

menis  - 

2,a6a 

106*3     1044       98  J 

^•9 

94-3      282 

377 

a6-i    iS-o 

Work   expen- 

1     ments  • 

4.225 

231 '7     2356 

1  l8-i    78-4 

166-6       — 

— 

—       — 

'Heat  -equiva- 

\     lent  of  work 

431 

585       56*8 

_     1    

J    — 

— 

— 

1  Total  for  work 

1 

expenmcats 

4.676 

290*2     292-^ 

1181    78-4  ,  194*8 

i 

J?"* 

37'3 

X5-3    ro'i 

The  heat-production  during  the  hours  of  sleep,  in  the  second  night 
})eriod.  is  much  less  than  in  the  waking  hours  ol  rest,  and  of  course 
enormously  less  than  in  the  hours  of  work.  After  work  the  heat- 
production  in  the  pericKl  of  sleep  is  only  a  Uttle  greater  than  after  rest. 

It  has  lx?en  shown  that  the  law  of  tlie  conserv-Tition  of  energy'  holds 
for  the  animal  body  ;  in  other  words,  there  is  a  practically  exact 
agreement  between  the  potential  energy  of  the  food  and  the  kinetic 
energy  mto  which  it  is  transformed  m  the  body  lx>th  during  rest  and 
during  work.  This  kinetic  energy  is  represented  by  the  heat  given 
off  plus  the  heat-equivalent  of  any  mechanical  work  done  (Atwater) 

It  is  therefore  permissible  to  calculate  the  heat  -  production 
from  the  diet,  and  Rubner  has  done  this  for  \'arious  classes  of  men, 
reducing  everything  to  the  standard  of  a  body-weight  of  67  kilos. 
The  fasting  man.  of  67  kilos  body-weight,  produces  ^,303.000  milli- 
calories in  the  twenty-four  hours.  The  class  of  brain-workers, 
represented  by  phA'sicians  and  oflici;ds.  produce  only  a  httlc  more 
Ileal  titan  the  iastuig  man.  viz..  j, 445,000  millicalorie«i.     The  aC' 
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class,  represented  by  soldiers  '  presumably  in  time  of  peace)  and  <iay- 
lAbourers  'pr-.-bibiy-.:  .i.  cj.-azw.'^<  ^nd  conser\-ative  t\-pe),  work  up  to 
j.-'^^-^.ooij  milli>:*il<:'nes.  The  third  class,  composed  of  men  who  work 
with  machir-es  and  other  skilled  labourers,  attain  a  heat -production  o£ 
^.^Oj.Ct"*.'  milli calories.  The  fourth  cUiS,  t^-pilied  by  miners  (who  aie 
engaged,  usually  by  the  piece  and  not  by  the  day.  in  se^'ere  and 
oxhaustinsf  toih.  produce  as  much  as  4..7^:>o.x»o  milUcalorics.  In  the 
tifth  and  L.st  class,  represented  by  lumberers  and  other  out-of-door 
labourers  lu-ho.  in  adchtion  to  excessive  exertion,  have  often  to  face 
intense  cold i.  the  heat -prixiuc; ion  rises  to  5.  ;oo,ooo miUicalories.  1^ 
heat-producrion  necessarily  varies  widely  with  the  diet.  But  firom 
the  general  a^rement  of  calculated  results  with  actual  measurementB 
we  can  safely  crtnclude  that  m:st  hesithy  adults  produce  b&tmmm 
j,ooo.'>xi  ar.ii  ;.>x).»i  5m:j,V  cMories  cti  a  '  rest '  day,  or  a  imt  ti 
licht  l'.i'-our,  and  *e;\s:;:  ;.,>:vv»:»  Ani  4.oiX>.ooo  on  a  day  of  mm 
manual  ,*.  'tk. 

What     h.is     been    alreadv    said    in    connection     with 


dietaries  indic.^to^  th.\t  the  work  of  the  world  might  posaiUy  te|^' 
accomplished  as  well  with  a  smaller  transformation  of  ener;gy  1&^» 
the  humj.n  machme.  ;it  le  ist  in  the  more  prosperous  countries*  WM^I 
that  in  the  body,  as  in  an  en<^nc.  more  careful  '  stoking  '  ntt^W^v 
result  in  a  :=  > vin?  of  fuel.  It  is  extremely  improbable,  laowewr^;'- 
that  any  argument  of  this  sort  will  have  much  effect  upon  Hm? 
dccp-ro  -.x^il  d'^:  :*i:  \\  ^iis  <«:"  :n:.r.kir.i. 

The  Seats  of  Heat-production.— We  have  already  recogniaeft! 

the  skeletal  muscles  as  important  seats  of  heat-prodiicti<m.  A 
frog'?  muscle,  contracting  under  the  most  favourable  can* 
ditions,  does  not  convert  at  most  more  than  one-fourth  or- 
one-hfth  of  the  ener£r\*  it  ex{>ends  into  mechanical  work  ;  at 
least  threr-fourths  or  four-tilths  of  the  energy  appears  as  heat. 
The  muscles  of  mammals  and  of  man  in  the  intact  body  work, 
upon  the  whole,  nion-  t.-c<momically  than  the  excised  frog's 
muscles  at  iht-ir  maximum  emcioncy.  I'nder  the  best  con- 
ditions—that is.  wlicn  tile  work  is  moderate  and  not  too  rapidly 
done  -al)()ut  one-third  o!  thf  clwmical  energy  ex]>ended  may  be 
transfonacd  \\\U>  mechanical  work,  and  only  two-thirds  into  heat 
(>^unt/).  In  hard  work  three-cjuariers  of  the  energy  may  be 
rhan^'cd  into  heat  ;  but  even  then  the  etficiency  of  the  muscles 
far  out'^trips  that  of  tlu-  best  steam-engines,  which  convert  only 
an  eighth  fif  the  total  eut-rgy  into  work. 

Notwitiislanding  the  splendid  t^tliciency  of  the  muscular 
machine,  the  gaseous  metabolism  easily  rises  during  muscular 
work  to  hve  times,  anrl  in  severe  labour  to  nine  times  its  resting 
vahur,  although  jjersons  inuretl  to  toil  work  more  economically 
than  anialiiurs.  In  one  of  Atwater's  '  severe  work  '  experi- 
ments the  work  done  in  twenty-four  hours  had  a  heat-equivalent 
oi  i.4.S2,()0(>  niillicalorics  (equal  to  over  630,000  kilogramme- 
mt'tres).  Hie  total  heat-production  (including  the  equivalent 
of  tlif  work)  was  (J.  ',14.000  miUicalories.  It  is  not  difficult  to 
show  that  lln'  greater  part  of  the  metabolism  and  heat-produc- 
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tion  of  a  man  doing  ordinary  work  is  accounted  for  by  the  con* 
traction  of  the  voluntary  and  involuntary  muscles. 

Even  in  muscles  completely  at  rest  metabolism  goes  on,  and  some 
heat  is  produced.  The  muscles  of  a  dog's  legs,  through  wluch  an 
artificial  circulation  of  dcfibrinatcd  blood  is  kept  up,  consume  at 
body-temperature  on  the  average  alwut  150  c.c.  of  oxygen  |)cr  kilo 
per  hour.  This  is  more  than  one-third  of  the  rate  of  consumption 
per  kilo  of  a  resting  dog,  reckoned  on  the  total  weight  of  the  animal. 
I'V.r  Znntz  found  thiT  a  ftstinir  d^e  of  jf^  kilns,  Ivmv;  ,it   rest,  ihti- 


FlC.    IT.'S- — niACRAM    SHOWING    THE    Hf.AT-EQUIVALENT    Ot   VARIOUS 
DUTAIUXS. 

A,  proteids  ;  B.  fats  ;  C.  rarbn*bydratrs  ;  I),  heat-equiva]«nt. 


6  or  I 


as  the  ratio  of 


sumcd  oxygen  at  the  rate  of  10,260  c.c.  per  hour,  or  about  195  c.c. 
per  kilo  per  hour.  Taking  the  muscles  as  40  per  cent,  of  the  body- 
weight,  and  assuming  that  oxygen  consumption  and  heat-production 
arc  under  the  given  conditions  approxinuLtely  pro]x>rtional,  wc  get 

150      40 
^^  X  =  sav 

395      100 

of   the   muscles   when   absolutely   at  rest,   and   removed 
influence  of  the  nervous  system,  to  tlic  total  heat-* 
resting  animal. 

It  is  prob«ible  that  in  the  skikial  musf 
heat- production  is  not  far  ditlorcnl  ^ 


he  heat-production 
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body-temperature,  and  subjected  to  a  good  artificial  circnlatioo. 
Now,  curara  has  been  found  to  reduce  the  oxygen  consumption  of  a 
rabbit  from  770  ex.  to  500  c.c,  per  kilo  per  hour.  On  the  assumption 
that  the  same  proportion  holds  for  a  dog,  we  should  get  a  reduction 
from  391;  c.c.  to  256  c.c.  ;  \  },ct  c.c.  (say  140  c.c.)  per  kilo  of  body- 
weight,  or  350  c.c.  per  kilo  of  muscle,  may  therefore  be  taken  as  the 
portion  of  the  oxygen  consnmyttion  of  the  skeletal  muscles  of  a  dog 
at  rest,  which  is  under  the  control  of  the  nervous  system.  Adding 
1 50  c.c,  the  hourly  oxygen  cf)nsiumption  of  a  kilo  of  isolated  muscles, 
we  get  5CXJ  c.c.  per  kilo  per  hour  as  the  total  consumption  of  skelel 
muscles  connected  with  the  nervous  system,  thouglt  not  in  acti' 
contraction.*  In  a  do^  of  26  kilos  body-weight  ^with,  say.  105 
of  muscles)  this  would  give  5,250  c.c.  of  oxygen  as  the  consumpti 
of  the  resting  muscles  in  an  hour.  The  15*5  kilos  of  the  anim 
body  left  after  deducting  the  muscles  used  up.  therefore,  in  Zuntz's 
experiment  about  i;,ono  c.c.  of  oxygen,  or  ^20  c.c.  tx;r  kilo  per  hour 
If  the  work  of  the  heart  is  taken  as  22,000  kilogramme-metres  ~ 
twenty  four  hours  (p.  112).  the  total  heat  produced  by  this  or 
will  be  equivalent  <on  the  assumption  that  it  converts  one-third 
its  energy*  into  work)  at  least  to  66,000  kilogramme-metres,  or  a' 
I55,(xx>  small  calories,  since,  practically,  the  whole  work  is  expend 
in  overcoming  the  friction  of  the  vessels,  and  finally  appears  as  hi 
Enough  energy  is  transformed  in  twenty-four  hours  in  the  heart 
the  colonel  of  a  regiment  of  i.ooo  men  to  lift  the  whole  regiment 
to  a  height  of  a  metre,  if  it  could  be  all  changed  into  mechani 
work.  The  work  of  the  inspiratory  muscles  may  he  reckoned 
ijl.ooo  kilogramme-metres,  equal  to  30,500  small  calories,  and  t 
heat  produced  by  them  at.  say,  90,000  small  calories,  la  sum,  the 
muscular  work  of  the  circulation  and  respiration  is  responsible  for 
the  production  of  about  25o.otx>  small  calories  (without  including 
the  heat  produced  by  the  smooth  muscle  of  the  bronchi  and  bl 
vessels),  or  nearly  one-ninth  of  the  total  production  of  a  man  doi: 
ordinary  labour. 


the 
for 
.wing 
lond- 


The  glands,  and  then  the  central  nervous  system,  rank  after 
the  muscles,  though  at  a  great  distance,  as  seats  of  heat-produc- 
tion. The  liver  and  brain  (?)  arc  the  hottest  organs  in  the  body  : 
and  that  this  is  not  altogether  due  to  their  being  well  protected 
against  loss  of  heat  is  shown,  in  the  case  of  the  Uver,  by  the 
excess  of  temperature  of  the  blood  of  the  hepatic  over  that  of 
the  portal  vein.  In  view,  however,  of  the  exaggerated  impoi 
tance  which  some  have  given  to  these  organs,  as  foci  of  hca 
production,  it  may  l>e  well  to  point  out  that  although  many 
the  chemical  changes  in  the  animal  body  are  undoubte 
associated  with  the  setting  free  of  heat,  other,  and  not  I 
weighty  and  characteristic,  reactions  may  cause  the  absorption 
of  heat  ;  and  it  is  jwssible  that  some  of  the  syntheses  which 
many  of  the  tissues  seem  to  be  cajKible  of  performing  may  be 
included  in   this  latter  category.     For  exami)le,  when  urea   is 

•  Se^iaration  from  the  nervous  system  therefore  cuts  away  more  than 
two-thirds  of  the  muscular  metabolism,  and  leaves  less  than  one-third 
intact. 
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decomposed  so  as  to  yield  ammonium  carbonate  (p.  385),  heat 
is  set  free.  We  must  assume  that  if  ammonium  carbonate  were 
transformed  into  urea  in  tlie  liver,  an  equal  amount  of  heat 
would  be,  on  the  whole,  absorbed.  So  that  the  heat-production 
of  an  organ  may  depend,  not  only  upon  the  quantity,  but  also 
upon  the  quality,  of  its  chemical  activitv.  In  all  the  tissues, 
including  the  muscles,  it  is  necessary  to  assume  that  some  of 
the  energy  transformed  is  expended  in  so-called  '  restitution  * 
processes — that  is,  in  rej^Ienishing  the  store  of  nutritive  material 
within  the  cells  and  in  building  up  the  protoplasm.  Claude 
Bernard  obser\'ed  an  excess  of  o-fi"  C.  in  the  temperature  of  the 
blood  of  the  hepatic  vein  over  that  of  the  ported  during  hmiger, 
and  as  much  ;is  r-b^  at  the  height  of  digestion,  although  at  the 
beginning  of  digestion  the  portal  blood  was  the  hotter  by  0'4^, 
But  such  observations,  like  the  corresponding  ones  on  the  salivary 
glands,  are  oi>en  to  many  errors,  and  wlien  we  consider  the 
enormous  tide  of  blood  which  during  digestion  sets  through  the 
portal  system,  we  shall  lo<ik  with  suspicion  uiK)n  results  that 
announce  a  difference  of  more  than  a  small  fraction  nf  a  degree 
in  t!ie  temi»erature  of  the  incoming  and  outgoing  blo<xl  of  the 
liver.  Probably  not  less  than  200  litres  of  blood  pass  in  twenty- 
four  hours  through  the  liver  of  a  2-kilo  rabbit.  If  the  tempera- 
ture of  this  blood  is  raised  even  one-tenth  of  a  degree  in  its 
passage  through  the  hepatic  capillaries,  this  would  corresj>ond 
to  a  heat-prikiuction  of  20,000  small  calories,  or  one-tenth  of 
the  whole  heat  produced  in  the  animal. 

In  the  case  of  the  brain  it  has  been  shown  by  comjiarison  of  the 
gases  of  blood  taken  from  the  carotid  and  froni  the  venous  sinuses 
(torcula  Herophiii)  ttiat  the  mctat>olism  is  feeble  as  compared  even 
with  that  of  resting  muscles  (Hill).  Nor  is  it  possible  to  demon- 
strate any  marked  or  constant  mtrciisc  when  the  cerebral  cortex  is 
roused  to  such  an  active  discluirge  of  impulses  as  leads  to  general 
epileptiform  convulsions.  The  rise  of  temperature  of  certain  regions, 
especially  the  occipital  portion,  of  the  scalp,  which  some  observers 
have  stated  to  take  place  during  mental  activity,  cannot  be  supposed 
to  be  due  to  conduction  of  heat  from  the  brain  through  the  skull. 
It  Ls  perhaps  caused  by  vaso-motor  changes  in  the  .scalp,  associated, 
it  may  be,  with  corrcsnondinc;  changes  in  related  areas  of  the  cortex. 
The  mcreasc  observecl  by  Mosso  in  the  temperature  of  the  brain 
during  intense  psychical  activity,  bomettmes  to  o'2°  C.  or  o'}^  C, 
above  the  rectal  temperature,  may  also  liave  l>een  due,  in  part  at 
least,  to  vascular  changes.  And,  indeed,  if  we  remember  how  large 
a  proportion  of  the  central  nervous  system  is  made  up  of  nerve-fibres, 
in  which,  or  at  any  rate  in  the  fibres  of  peripheral  ncr\'es,  no  sensible 
production  of  heat  has  ever  been  demonstrated,  it  will  not  appear 
surprising  if  even  a  considerable  increase  in  the  metabolism  of  the 
really  activr  elements  should  f<iil  to  make  iLscU  felt. 

With  regard  to  the  nmscles.  we  are  as  yet  in  the  dark 
the  precise  relation  of  the  energy  which  appjcars  as  heai 
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that  which  is  converted  into  work.     The  original  sour 
is,  of  course,  the  oxidation  (and  cleavage)  of  the  food  substances 
but  it  has  been  the  subject  of  discussion  whether  in  a  mus 
as  in  a  heat-engine,  the  chemical  energy  is  first  converted  i 
heat,   and  part  of    the  heat  then   transformed   into   work, 
whether  the  chemical  energy  is  immediately  changed  into  work, 
or  whether  there  is  an  intermediate  form  of  energy  other  than 
heat.     Some  have  supi.>osed   that   the  chemical  energy   is  first.   1 
converted  into  electrical  energy'.  ^H 

It  has  been  very  generally  aamitted  that  the  chief  seat  3^ 
excessive  metabolism  in  fever  is  the  muscles  ;  but  U.  Mosso  has 
stated    that    cocaine    fever — the    marked    rise   of    temix;raturc 
produced  by  injection  of  cocaine — can  l>e  obtained   in  animals 
paralyzed  by  airara.     This,  even  if  true,  would  not  support  the 
conclusion  that  a  '  nervous  fever  ' — that  is  to  say,  a  fever 
solely  to  increased  metabolism  in  the  nervous  system — exis 
for  in   a  curari^ed  animal  a  large  amount  of   '  active  *    ti 
{glands,   heart,   smooth   muscle)   still    remains   in   physiological 
connection  with  the  brain  and  cord.     But,  as  a  matter  of  f 
in   an   animal  under  a  dose  of  ciirara  sufficient  to  complet 
paralyze  the  skeletal  muscle  cocaine  causes  no  appreciable 
of  rectal  temperature  ;  and  this  is  strongly  in  favour  of  the  v 
that  the  fever  produced  in  the  non-curarized  animal  is  con- 
nected with  excessive  muscular  metabolism.  ■ 

Regulation  of  Temperature  or  Thermotaxis. — What,  now,  ^ 
the  mechanism  by  which  the  balance  is  maintained  in  the  homoio- 
thermal   animal   between   heat-production    and   heat-loss  ?     la 
answering  this  question  we  have  to  recognise  that  both  of  th 
quantities  are  variable,  that  a  fall  in  the  production  of  heat 
be  compensated  by  a  diminution  of  heat-loss,  and  an  incr 
in  the  loss  of  heat  balanced  by  a. greater  heat-production 

The  loss  of  heat  from  the  surfaces  of  the  body  may  he  regu- 
lated both  by  involuntary  and  by  voluntary  means.     It  is  greatl^| 
affected  by  Uie  state  of  the  cutaneous  vessels,  and  these  vessc^l 
are  imder  the  influence  of  nerves.    A  cold  skin  is  pale,  and  its 
vessels  are  contracted.     In  a  warm  atmosphere   the   skin    U 
flushed  with  blood,  its  vessels  are  dilated,  its  temperature  is 
increased  ;  an  effort,  so  to  speak,  is  being  made  by  the  organi 
to  maintain   the  difference  of  temperature  between  its  surf; 
and  its  surroundings  on  which  the  rate  of  heat-loss  by  radiati 
and  conduction  dc]>cnds.     A  still  more  important  factor  in  m 
and  in  animals  like  the  horse,  which  sweat  over  their  whole 
surface,  is  the  increase  and  decrease  in  the  quantity  of  water 
evaporated  and  of  heat   rendered  latent.     It   is  owing   to    the 
wonderful  elasticity  of  the  sweat-secreting  mechanism,  and 
tlie  increase  of  respiratory  activity,  and  the  consequent  incre 
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in  the  amount  of  watery  vapour  given  off  by  the  lungs,  that  men 
are  able  to  endure  for  days  an  atmosphere  hotter  than  the 
blood,  and  even  for  a  short  time  a  temj^erature  above  that  of 
boiling  water.  The  temperature  of  a  Turkish  bath  may  be  as 
high  as  65°  to  80°  C.  Blagden  and  Fordyce  exjx>sed  themselves 
for  a  few  minutes  to  a  temperature  of  nearly  127°  C.  Although 
meat  was  being  cooked  in  the  same  chamber  bv  the  heat  of  the 
air,  they  experienced  no  ill  effects,  nor  was  their  \Ktdy  tempera- 
ture even  increased.  But  a  far  lower  tem|>erature  than  this,  if 
long  continued,  is  dangerous  to  life.  In  the  summers  of  1892 
and  i8()0  hundreds  of  persons  died  in  the  United  States  within 
a  few  days  from  the  excessive  heat.  During  the  unusually  hot 
sununer  of  1819  the  temperature  at  Bagdad  ranged  for  a  con- 
siderable lime  between  108^  and  120°  F.  {42^  to  40"^  (^■),  and 
there  was  great  mortality.  A  much  higher  temjxirature  may 
be  borne  in  dry  air  than  in  air  saturated  with  watery  vapour. 
A  shade  temperature  of  100"  F.  (j;*/*^  C.)  in  the  dry  air  of  the 
South  African  plateaux  is  quite  tolerable,  while  a  tem|)crature 
of  85"  F.  (294'"'  C.)  in  the  moisture-laden  atmosphere  of  Bombay 
may  be  oppressive.  The  reason  is  that  in  dry  air  the  sweat 
evaporates  freely  and  cools  the  skin,  while  in  moist  air,  although 
according  to  Rubner  the  loss  of  heat  by  radiation  and  con- 
duction is  increased,  the  loss  of  heat  by  evaporation  of  sweat  is 
diminished  in  a  still  greater  degree.  In  saturated  air  at  the 
body-temperature  no  loss  of  heat  by  perspiration  or  by  evapora- 
tion from  the  pulmonary  surface  is  possible  :  the  temperature 
of  an  animal  ;n  a  saturated  atmosphere  at  35^  to  40^  C.  soon 
rises,  and  the  animal  dies.  In  animals  like  the  dog,  which  sweat 
little  or  not  at  all  on  the  general  siu-face,  the  regulation  of  the 
heat  -  loss  by  respiration  is  relatively  more  important  than  in 
man. 

The  winter  fur  of  Arctic  animals  is  a  special  device  of  Nature 
to  meet  the  demands  of  a  rigorous  climate,  and  combat  a  ten- 
dency to  excessive  loss  of  lieat.  The  exjwriments  of  H6sslin, 
and  the  ex|>erience  of  squatters  in  Australia,  go  to  show  that 
even  domesticated  anmials  have  a  certain  power  of  responding 
to  long-continued  changes  in  external  temperature  by  changes 
in  the  radiating  surfaces  which  affect  the  loss  of  heat.  It  is 
said  that  in  the  hot  plains  of  Queensland  and  New  South  Wales 
the  fleeces  of  the  sheep  show  a  tendency  to  a  progressive  decrease 
in  weight.  And  Hosslin  found  that  a  young  dog  exposed  for 
eighty-eight  days  to  a  temperature  of  5°  C.  developed  a  thick 
coat  of  fine  woolly  hairs.  Another  dog  of  the  same  litter,  ex- 
ix)sed  for  the  siime  length  of  time  to  a  temjKjrature  of  31*5°  to 
32"^  C.  had  a  much  scantier  covering.  The  increased  protection 
a^inst  heat-loss  in  the  case  of  the  '  cooled  '  dog  was  not  soffi* 
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fully  to  compensate  for  the  lowered  external  temperature 
metabolism— that    is    to    say,    the    heat-production — was    also 
increased.     And  although  the  food  was  exactly  the  same  for 
both  animals  in  quantity  and  quality,  the  dog  at  5^  C.  put  on 
less  than  half  as  much  fat  in  the  period  of  the  experiment 
the  '  heatetl '  dog,  but  the  same  amount  of  *  flesh.' 

The  voluntary  factor  in  the  regulation  of  the  heat-loss  is  of 
great  importance  in  man.  Clotht»s.  like  hair  and  other  natural 
coverings,  retard  the  loss  of  lieat  from  tlie  skin  chiefly  bv  main- 
taining a  zone  of  still  air  in  contact  with  it,  for  air  at  rest  is  an 
exceedingly  bad  conductor  of  heat.  A  man  clothed  in  the 
ordinary  way  has  two  or  throe  concentric  air-jackets  around  him. 
The  air  in  the  inter\'als  between  the  inner  and  outer  garments 
is  of  importance  as  well  \\s  that  in  the  pores  of  the  clothes  them- 
selves ;  and  it  is  for  this  reason  that  two  thin  shirts  put  on  one 
above  the  other  are  warmer  than  the  same  amount  of  material 
in  the  form  of  a  single  shirt  of  double  thickness.  When  a  man 
feels  himself  too  hot  and  throws  off  liis  coat,  he  really  removes 
one  of  the  badly  conducting  layers  of  air,  and  increases  the  rate 
of  heat-loss  by  radiation  and  conduction.  At  the  same  tini 
the  water-vaiKiur,  which  practically  saturates  the  layer  of 
next  the  skm,  is  allowed  a  freer  access  to  the  surface,  and  t 
loss  of  heat  by  the  evaporation  of  the  sweat  becomes  greater. 
The  power  of  voluntarily  influencing  the  heat-loss  must  be 
looked  upon  in  man  as  one  of  the  most  important  means  by 
which  the  equilibrium  of  temperature  is  maintained.  In  the 
lower  animals  this  power  also  exists,  but  to  a  much  smaller  extent. 
A  dog  on  a  hot  day  puts  out  its  tongue  and  stretches  its  limbs 
so  as  to  increase  the  surface  from  which  heat  is  radiated  and 
conducted.  The  mere  placing  of  a  rabbit  on  its  back,  with  its 
legs  ajjart,  may  cause  in  an  hour  or  two  a  fall  of  x°  to  2^  C.  fj^M 
the  rectal  temperature.  The  power  of  covering  themselves  wi^| 
straw  or  leaves,  of  burrowing  and  of  forming  nests,  may  be 
included  among  the  voluntary  means  of  regulation  of  the  hea 
loss  possessed  by  animals.  A  man  opens  the  window  when 
is  too  hot,  and  pokes  the  fire  when  h«  feels  cold.  Both  action 
are  a  tribute  to  his  status  as  a  homoiothermal  animal,  and 
illustrate  the  importance  of  the  voluntary  element  in  t 
mechanism  by  which  his  temperature  is  controlled. 

The  production  of  heat,  like  the  loss,  is  to  a  certain  extent 
under  voluntary  control.     Rest,  and  especially  sleep,  lessc 
the   production  :    work    increases   it.     The   inhabitants    of 
tropics,  human  and  brute,  often  tide  over  the  hottest  part 
tlie  day  by  a  siesta  ;  and  it  is  as  natural,  and  as  much  in  accord- 
ance with  physiological  laws,  that  a  man  overpowered  by  the 
heat  should  he  down,  as  it  is  that  be  should  walk  about  aii< 
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stamp  his  feet  or  clap  his  hands  on  a  cold  winter  morning.  In 
the  one  case  a  diminution,  in  the  other  an  increase,  in  the  heat- 
production  is  aimed  at  by  a  corresponding  change  in  the  amount 
of  muscular  contraction.  The  quantity  and  quality  of  the  food 
also  influcnre  the  production  of  heat.  The  Eskimo,  who  revels 
in  train-oil  and  tallow-candles,  unconsciously  illustrates  the 
experimental  fact  that  the  heat  of  combustion  of  fat  is  high  ; 
the  rice  diet  of  the  rj'ot  of  the  Carnatic,  with  its  low  heat-equiva- 
lent, seems  peculiarly  adapted  to  the  dweller  in  tropical  lands. 
But  it  would  he  easy  to  attach  too  much  weight  to  considerations 
such  as  these.  The  Arctic  hunter  eats  animal  fat,  and  the 
Indian  peasant  vegetable  carbo-hydrate,  not  only  because  fat 
has  a  high  and  carbo-hydrate  a  low  heat-equivalent,  but  because 
in  the  climate  of  the  Far  North  animals  with  a  thick  coating  of 
badly-conducting  fat  are  plentiful,  and  vegetable  ftKxl  scarce  ; 
whereas  in  t!ie  river-vallevs  of  India  Nature  favoure  the  growth 
of  rice,  and  religion  forbids  the  killing  of  the  sacred  cow. 

The  production  of  heat  is  also  controlled  by  an  involuntary 
nervous  mechanism.  It  is  a  matter  of  everyday  experience 
that  cold  cauies  involuntary'  shivering — involuntary  mu.scular 
contractions — the  object  of  which  seems  a  direct  increase  in 
the  heat-production.  But  besides  this  visible  mechanical  effect, 
the  application  of  cold  to  a  warm-blooded  animal,  when  not 
carried  so  far  as  to  greatly  reduce  the  recta!  tem|)erature,  is 
accompanied  by  a  marked  increase  in  the  melal>olism,  as  shown 
by  an  increased  production  of  carbon  dioxide  and  consumption 
of  oxygen.  In  cold-blooded  animals  like  the  frog  the  metabolism, 
on  the  other  hand,  rises  and  falls  with  the  external  temf>erature  ; 
there  is  no  automatic  mechanism  which  answers  an  increased 
drain  upon  the  stock  of  heat  in  the  body  by  an  increased  supply. 
Or,  in  the  light  of  recent  exj^eriments,  we  ought  rather  to  say 
that,  although  die  rudiments  of  a  heat-regulating  mechanism 
may  exist  in  such  animals  as  the  frog,  the  newt,  and  even  the 
earthworm  (Vernon),  it  is  only  able  to  modify  to  a  certain  extent 
the  effects  of  changes  of  external  temperature,  not  to  balance 
or  even  override  them,  as  in  the  homoiothermal  animal.  The 
warm-blooded  animal  loses  its  heat-regulating  power  when  a 
dose  of  curara  suthcient  to  paralyze  the  voluntary  muscles  is 
given.  A  curari^ed  rabbit,  kept  alive  by  artificial  respiration, 
reacts  to  changes  of  external  tem[>erature  like  the  cold-blooded 
frog.  Now,  the  only  action  of  curara  adequate  to  account  for 
this  effect  is  its  ]X)wer  of  [paralyzing  the  motor  nerve-endings, 
and  so  cutting  off  from  the  skeletal  muscles  impulses  which  in 
the  intact  animal  would  have  reached  Uiem.  The  excitation 
by  cold  of  the  cutaneous  nerves,  or  some  of  them,  which  in  the 
unpoisoned  animal  is  reflected  along  the  motor  nerves  to  the 
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muscles,  and  causes  the  increase  of  metabolism,  is  now  blocked 
at  the  end  of  the  motor  path  ;  and  the  muscles,  the  great  heat- 
producing  tissues,  are  abandoned  to  thi;  direct  influence  of 
external  temperature  (Pfliiger). 

How  is  it,  then,  that  nervous  impulses  from  the  skin  produrt" 
in  the  intact  animal  their  effect  u^Kin  the  chemical  processes  in 
the  muscles  ?  We  know  that  the  heat-production  of  a  muscJe 
is  greatly  increased  when  it  is  caused  to  contract ;  but  it  has 
hitherto  been  |X)ssible  by  artificial  stimulation  to  demonsti 
that  any  chemical  or  physical  effect  is  produced  in  a  mus< 
by  excitation  of  its  motor  niTve  unless  as  the  accompaniment 
of  a  mechanical  change.  When  the  g.'islrocnemius  of  a  frog 
poisoned  with  nut  loo  large  a  dose  of  curara  is  laid  on  a  resistance 
thermometer  (p.  4c)8),  and  its  nerve  stimulated  from  time 
time  as  the  curara  paralysis  deepens,  heating  of  the  muscle 
observed  as  long  as,  and  only  as  long  as,  there  is  any  visil 
contraction.  The  gaseous  metabolism  of  a  rabbit  immersed 
a  bath  of  constant  temj>crature  may  sink  by  as  much  as'  30 
40  j^er  cent,  when  curara  is  given.  One  obvious  cause  of  this 
is  the  complete  muscular  relaxation.  And  the  whole  secret  of 
the  regulation  of  the  heat-production  might  be  plausibly  supposed 
to  He  in  the  bracing  effect  of  cold  ujxjn  the  skeletal  muscles  and 
the  relaxing  effect  of  heat.  Indeed,  in  man  it  has  been 
observed  that  exposure  to  moderate  cold  causes  no  metabolic 
increase  when  shivering  is  prevented  by  a  strong  effort  of  the 
will  (Loewy).  Nevertheless,  the  explanation  is  inadequate  in 
the  case  of  small  animals,  such  as  guinea-pigs,  rabbits,  and  cats  ; 
for  very  great  changes  in  the  metabolism  may  be  brought  about 
by  external  cold  without  any  outward  token  of  increased  mus- 
cular activity.  Lefc'vre  found  tliat  in  man  also  a  marked 
increase  in  the  heal-loss,  such  as  is  caused  by  immersion  for  a 
considerable  time  (one  to  three  hours)  in  cold  water  (at  a  tem- 
perature of  7^  to  15^  C),  was  accompanied  by  a  great  increase 
in  the  production  of  heat,  so  that  the  axillary  temperature  fell 
comparatively  little — t'.g.,  only  i'^  C.  during  a  stay  of  three 
hours  in  a  bath  at  15'^  C.  With  short  periods  of  immersion,  a 
characteristic  reaction  occurs  after  the  person  comes  out  of  the 
bath.  The  rectal  teirvjteraturL'  falls  to  a  minimum,  which  is 
reached  in  twenty  to  thirty  minutes  after  exit  from  the  batli, 
and  then  gradually  retiuns  to  normal.  This  fall  of  internal 
temjwrature  is  due  to  the  heating  of  the  sujwrficial  portions  of 
the  body  at  the  expense  of  the  central  portions.  By  training, 
the  fall  of  temperature  is  greatly  lessened,  the  heat-reguIaiinjM 
mechanism  acquiring,  so  to  si^eak.with  practice,  greater  prompt^H 
tnde  and  precision  of  adjustment. 

It  must  be  admitted,  then,  tliat — especially  in  the  small< 
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homoiothermal  animals — the  metabolic  dianges  nonnally  going 
on  in  the  resting  muscles  may  be  reflexly  increased  without  the 
usual  accompaniment  of  mechanical  contraction,  and  that  such 
an  increase  of  '  chemical  tone  '  is  an  important  means  by  which 
the  temperature  is  regulated.  It  is  possible  that  other  organs 
besides  the  muscles  may  be  concerned,  though  not  to  a  sufficient 
extent  to  secure  the  due  regulation  of  temperature  during 
curara  |>ara]ysis.  It  is  obvious  that  in  man,  whose  environment 
is  so  m\u  h  under  his  own  control,  a  mere  automatic  regulation 
is  less  required  than  in  the  inferior  animals,  and  that  a  regulative 
power,  if  present  in  rudiment,  would  tend  to  *  atrophy  *  by 
disuse,  or,  at  all  o.vents.  become  less  sensitive  to  slight  changes 
of  temi>eratnre.  In  the  larger  animals,  again,  mere  bulk  is  an 
important  safeguard  against  any  sudden  change  of  internal 
temperature.  To  reduce  the  temperature  of  a  horse  or  an 
elephant  by  i°,  a  considerable  quantity  of  heat  must  be  lost, 
while  a  very  slight  loss  would  suffice  to  cool  a  mouse  by  that 
amount.  Not  only  so,  but  the  surface  by  which  heat  is  lost  is 
greater  in  proportion  to  the  mass  of  the  body  in  small  than  in 
large  animals.  The  power  of  rapidly  increasing  the  heat-pro- 
duction to  meet  a  sudden  ilcmand  is,  therefore,  far  more  im- 
portant to  the  mouse  than  to  the  horse:  and  the  fact  (p.  481) 
that  the  metabolism  of  an  animal  varies  approximately  as  its 
surface,  and  not  as  its  mass,*  is  an  illustration  of  the  nice  adjust- 
ment by  which  heat-equilibrium  is  maintained. 

The  following  tahle.  calculated  by  Rubner  from  the  quantit>'  of 
tisaue-proteid  and  fat  consumed,  shows  the  relative  intensity  of  heat- 
production  in  fasting  dogs  of  difierent  sizes  : 


Uodyweifhl. 

Small  Calortei  per  Kilo 
per  Hour. 

3»  K 

24 
20 
1$ 
10 
6 

1               3 

1.580 

1.700 
1.870 
1.920 

2.550 
2.840 
3.780 

*  The  relation  between  mass  (M)  and  aorface  (S)  in  man  is  approxi- 

and    the    relation    between 


S  ^'M 
mately  ^ven    by  the   equation      «,    -K 


M 

surface,   mass,  len^th  of  body  (L).  and  circumference  of  chest  (C)  just 
above  the  nipples  in  the  '  mean '  position  of  respiration,  by  the  equation 

—  M  L  C — "^'-     ^^  '^  expressed  in  grammes,  S  in  square  centimrtres, 

L  and  C  in  centimetres.     K  Ls  a  constant  whose  mean  value  is  1 2-].  and 
K'aooostant  whose  mean  vAue  is  4-5  (Mceh), 
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Rubner  has  found  that  animals  abundantly  fed  do  not  show  so 
much  chan^  in  the  production  of  heat  when  the  externa!  tcm 
turc  is  varied  as  star\'ing  animals,  perhaps  because  the  thicker 
of  subcutaneous  fat  so  steadies  the  rate  at  wliich  heat  is  lost  that 
becomes   easy   for   the   vasomotor   meclianism   alone    to    hold 
balance  between  loss  and  production.     In  well-fed  aniinols  it  is  the 
heat-loss  which  is  chiefly  affected,  and  it  may  be  that  this  has  some 
thing  to  do  with  the  explanation  of  I-oewy's  results  on  man. 

Lorrain  Smith  has  discovered  the  curious  and  interesting  fact  t 
after  removal  of  the  thyroid  glands  (in  cats),  the  heat-production, 
measured  by  the  amount  of  carbon  dioxide  given  off,  is  more  sen 
tive  to  changes  of  external  tcmper.iturc  than  in  the  nonnal  animal. 

But  it  must  not  be  imagined  that  the  production  of  heat  can  be 
increased  indcfinitclv  to  meet  an  increased  heat-loss.  The  organism 
can  make  considerable  efforts  to  protect  itself,  but  the  loss  of  heat 
may  easily  become  so  great  that  the  increase  of  metabolism  fails  to 
keep  pace  with  it.  The  internal  temperature  then  falls,  and  if  the 
fall  be  not  checked,  the  ammal  dies.  A  mammal,  when  cooled  arti- 
ficially to  the  temperature  of  an  ordinary  room  {15°  to  20"  C.K  does 
not  recover  of  itself,  but  may  be  revived  by  the  employment  of  arti- 
ficial respiration  and  hot  baths,  even  when  the  rectal  tempcratu 
has  sunk  to  5°  to  10*^  C.  If  the  skin  of  a  rabbit  be  varnished,  an 
the  air  which  it  is  the  function  of  the  fur  to  maintain  at  rest  around  i 
be  thus  expelled,  the  animal  dies  of  cold,  unless  the  loss  of  heat 
artificially  prevented.  If,  without  varnishing  at  all,  the  great 
portion  of  the  skin  of  a  rabbit  or  guinea-pig  be  closely  clipped 
shaved,  similar  phenomena  are  observed.  Prevented  from  covering 
itself  with  straw,  the  animal  dies,  sometimes  in  twenty-four  hours. 
The  radiation  from  the  skin,  as  measured  by  the  resistance 
radiometer  (p.  502),  is  greatly  increased  ;  the  animal  shivers  con 
stantly.  and  the  rectal  tcmjKTrituTp  falls.  Placed  in  a  warm  chani 
before  the  temperature  in  the  rectum  has  fallen  below  25*,  U 
animal  recovers  perfectly.  If  the  fall  is  allowed  to  go  on.  it  dies^' 
If  it  is  kept  from  the  first  in  the  warm  chamber,  no  fiill  of  temperature 
occurs.  When  the  increased  loss  of  heat  is  less  perfectly  compen- 
sated— when,  for  example,  the  animal  is  left  at  the  ordinary  tem- 
perature, but  supphed  with  sufficient  straw  to  cover  itself,  or  allowed 
to  crouch  among  other  animals — a  curious  phenomenon  may  som 
times  be  seen.  The  rectal  temperature,  which  has  fallen  sharpl' 
during  the  operation,  remains  subnomtal  (as  much  as  2**  to  3°  beio^ 
the  ordinary  Icmiicraturc)  for  a  time  (a  week  or  more),  and  th 
gradually  rises  as  the  coat  again  begins  to  grow.  The  meaning  o 
this  scenvs  to  be  that  the  power  of  regulating  the  temperature  b 
increasing  the  metabolism  is  overtasked  by  the  removal  of  the 
natural  protective  covering,  unless  the  escape  of  heat  is  artificial! 
diminished.  When  the  loss  of  the  fur  is  entirely  compensated,  no 
fall  of  tem[)erature  occurs  ;  when  it  is  not  compensated  at  all,  the 
animal  cools  till  it  dies ;  when  it  is  partially  compensated,  the 
increased  metat>olism  may  only  suffice  to  maintain  a  temperature 
lower  than  the  normal,  although  constant  muscular  contractions 
(shivering)  arc  brought  in  to  supplement  the  efforts  of  the  re^Uti 
chemical  processes. 

Hitherto  we  have  only  spoken  of  a  reflex  regulation  of  the 
heat-production  called  into  play  by  external  cold.  It  might 
be  supposed — and,  indeed,  has  often  been  assumed — that  h 
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would  lessen  the  metabolism,  as  cold  increases  it  ;  and  there  are 
inriirations  that  in  the  smaller  animals  this  is  the  case,  although 
the  influence  of  heat  seems  to  be  much  smaller  than  the  influence 
of  cold.  But  neither  experimental  results  nor  general  reasoning 
have  as  yet  ?;hown  that  in  man,  either  in  the  tropics  (Eykman) 
or  in  the  north  tcm|x^rate  zone  (Loewy),  the  chemical  tone  is 
dimmishecl  hy  a  rise  nf  external  tem|>erature  much  above  the 
mean  of  an  orihnary  Kaglish  summer,  apart  from  the  effect  of 
the  muscular  relaxation  which  heat  induces.  In  a  man,  indeed, 
at  rest  in  a  hot  atmosphere,  the  production  of  carbon  dioxide 
and  consum]ftion  of  oxygen  are,  if  anything,  greater  than  at 
the  ordinary  temj>erature.  The  regulation  of  temperature  in 
an  environment  warmer  than  the  normal  seems,  in  fact,  to  be 
brought  alx>ut  more  by  an  increase  in  the  loss  than  a  decrease 
in  the  production  of  heat.  Evajwration  from  the  skin  and  Itmgs 
is  an  automatic  check  \X[)on  overheating  as  important  as  the 
involuntary  increase  of  metabolism  upon  excessive  ciK>ling. 

\\Tiile  it  is  knowni  that  the  skeletal  muscles,  and  perhaps  the 
glands  and  other  tissues,  are  at  one  end  of  the  reflex  arc  by 
which  the  impulses  pass  that  regulate  the  temperature  through 
the  metabolism,  we  are  as  yet  ignorant  of  the  precise  paths  hy 
which  Uie  afferent  impulses  travel,  of  the  nerve-centres  to  which 
they  go,  and  even  of  the  end-organs  in  which  they  arise.  There 
are  nerves  in  the  skin  which  minister  to  the  sensation  of  tem|>era- 
ture  (Chap.  XIII.).  A  change  of  temperature  is  their  '  ade- 
quate *  and  sufficient  stimulus  ;  and  it  is  a  tempting  hy[X)thesis, 
though  nothing  more,  that  these  are  the  afferent  nerx'es  concerned 
in  the  reflex  regulation  of  temperature — that  impulses  carried 
up  by  them  to  some  centre  or  centres  in  the  bram  or  cord  are 
reflected  down  the  motor  nerves  to  control  the  metabolism  of 
the  skeletal  muscles,  and  down  the  vaso-motor  nerves  to  control 
the  loss  of  heat  from  the  skin. 

Heat  Centres, — It  is  known  that  certain  injuries  of  the  central 
nervous  system  are  related  to  disturbance  of  the  heat-regulating 
mechanism.  Puncture  of  the  median  jiortion  of  the  corpus 
striatum  in  the  rabbit  by  a  needle  thrust  through  a  trephine 
hole  in  the  skull  is  followed  by  a  rise  of  temi>eraturc  in  the  rectum 
{i°  to  2^),  and  still  more  in  the  duodenum,  which  is  normally 
the  hottest  part  of  the  body  in  this  animal.  The  heat-produc- 
tion and  respiratory  exchange  are  also  increased.  These 
phenomena  may  last  for  several  days  (Otl,  Kichet,  Anmsnhn, 
and  Sachs),  and  are  due  to  stimulation  of  the  jwrtions 
o(  the  brain  in  the  immediate  neighbourhcH>d  ol  the  iniury. 
Electrical  stimulation  of  this  region  has  a  similar  effect.  When 
the  tem|X^rature  has  returned  to  normal,  a  fresh  puncture 
may  again  cause  a  rise.     The  chief  seat  of  the  increased  »"*»»• 
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liolism  is  the  skeletal  muscles,  for  when  these  are  eliminatt 

by  curara  the  '  puncture '  fever  cannot  be  abtained.      Injury 
various  portions  o(  the  cortex  cerebri  in  the  dog  and  other  anim^ 
and  lesions  of  the  pons,  medulla  oblongata  and  cord  in  mi 
may  also  be  followed  by  increase  of  temperature.     When 
spinal  cord  is  cut  below  the  level  of  the  vaso-motor  centre,  tl 
increased  loss  of  heat  from  the  skin  due   to  dilatation   of   thp 
cutaneous  vessels   masks  any   increase   of   the  heat -production 
which  may  possibly  have  taken  place,  and  the  internal  temj^era^ 
tiire  falls  ;  but  if  the  loss  of  heat  is  diminished  by  wrapping 
animal  in  cotton-woo!  the  temiierature  may  rise.     From 
phenomena  it  has  been  surmised  that  certain  '  centres  '  in  tl 
brain  have  to  do  with  the  regulation  of  temjierature  by  coi 
trolling  the  metabolism  of  the  tissues  ;  that  they  cause  incn 
metabolism  when   the  internal   temi>erature   threatens   to  sink. 
diminished  metabolism  when  it  tends  to  rise.     The  c*utting  ofif, 
it  ts  said,  of  the  influence  of  the  *  heat  centres*  by  section  ol^m 
the  paths  leading  from  them  allows  the  metabolism  of  the  tissuej^| 
to  nm  riot,  and  the  temjierature  to  increase.  ^ 

The  behaviour  of  hibernating  mammals^  such  as  the  marmot, 
dormouse,  hedgehog,  and  bat,  is  of  interest  in  connection  wii 
the  temperature  regulation.     In  the  active  waking  state  the* 
animals  are  homoiothermal.  but  in  profoimd  winter  sleep  the] 
are    jroikilothermal,    the    Ixxiy-temjjerature    rising    and    fallii 
wilh  that  of  the  air.     The  rectal  tem}ierature  may  be  as  low 
2°  C.     There  is  an  intermediate  state  in  which  the  animal   is 
partially  awtake.  though  inactive,  and  its  temperature  is  much 
below  the  normal,  but  considerably  above  that  of  its  envMron- 
ment.    In  this  condition  it  has  an  imperfect  thermotaxis,  some- 
thing like  that  of  an  ordinary  mammal  (including  the  human 
infant)  in   the  period  of  immaturity,   immediately  after  birth. 
When  the  hibernating  mammal  awakes  the  rise  of  tem[>eraturr 
is  enormous  and  abrupt.     The  temperature  of  a  dormouse  rose 
in  an  hour  from  13-5°  C.  to  357°  C,  and  that  of  a  bat  in  fifteen 
minntes  from  17^  C.  to  34'^  C.  (Pembrey). 

Fever    is    a    pathological    process    generally  caused    by    ih< 
poisonous  ]iroducts  of  bacteria,  and  characterized  by  a  rise  o] 
temperature  above   the  limit  of  the  daily  variation   (p.   525). 
It  is  further  associated  with  an  increase  in  the  rate  of  the  heart 
and  the  respiratory  movements,  often  with  an  increase  in   the 
excretion  of  urea  and  ammonia  in  tlie  urine,  and  a  diminution 
in  the  alkalies  and  carbon  dioxide  of  the  blood.     It  has  been 
suggested  that  the  proximate  cause  of   fever  is  the  action   oj 
bacterial  prisons  or  of  other  substances  on  the  '  heat  centra 
and  thai  anti]>yretics,  or  drugs  which  reduce  the  tem|>eratui 
in  fever,  do  so  by  lestoring  the  centres  to  their  normal  slate,  bi 
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preventing  the  development  of  the  poisons,  aiding  their  elimina- 
tion, or  antagonizing  their  action.  In  favour  of  this  view,  it 
has  l>een  stated  that  when  tlie  l>asal  ganglia  are  cut  off,  by 
section  of  the  |>ons,  from  their  lower  nervous  connections,  fever 
is  no  longer  produced  by  injection  i>f  cultures  of  bacteria  which 
readily  cause  it  in  an  intact  animal,  while  antipyrin  has  no 
influence  ujwn  the  temperature  (Sawadowski).  But  some 
observers  have  Ixren  unable  to  find  any  clear  evidence  of  the 
existence  of  '  heat  centres  * — that  is,  of  localized  portions  of 
the  central  nervous  system  S|>eciany  concerned  in  the  ree:ulation 
of  the  txKiy-temperature, 
And  while  it  is  almost  cer- 
tain that  some  pyrogcnic 
or  fever-producing  agents 
— cocaine,  tf.^. — act  indi- 
rectly, through  the  brain 
or  cord,  it  is  quite  possible 
that  others  affect  directly 
the  activity  of  the  tissues 
in  general,  just  as  some 
antipyretics  or  fever-re- 
ducing agents,  such  as 
quinine,  act  immediately 
upon  Uie  heat  -  forming 
tissues,  so  as  to  diminish 
their  metabolism,  while 
others,  like  antipyrin, 
affect  them  through  the 
nervous  system.  Quinine 
has  no  influence  uf)on 
'puncture '  fever  in 
rabbits.  A  still  more  im- 
portant action  of  anti- 
pyrin, and  the  group  of 
antipyretics  to  which  it 
belongs,  is  the  increase  in 
the   heat-loss   which    they 

bring  about  by  the  dilatation  of  the  bloodvessels  of    tlie  skin. 
This  effect  is  also  produced  through  the  nervous  system. 

Fever  is  a  condition  so  interesting  from  a  physiological  point 
of  view,  and  of  such  importance  in  practical  medicine,  that  it 
will  be  well  to  consider  a  little  more  closely  the  |>ossiblc  ways 
in  which  a  rise  of  tem|^raturc  may  occur.  It  must  not  be  for- 
gotten that  the  febrile  increase  of  temperature  is  always  accom- 
panied by  otluT  departures  trora  the  normal^  an*l  that  all  the 
fundamental   tebnlc  changes   may   even,  in 
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present  without  elevation,  and  even  with  diminution  of  tempera- 
ture. But  here  we  have  only  to  do  with  the  disturbance  of  the 
normal  equilibrium  between  the  loss  and  the  production  of  heat 
and  it  is  evident  that  any  of  the  five  conditions  illustrated  in 
diagram  (Fig.  175*1)  may  give  rise  to  an  increase  of  tempera 
It  is  not  necessary  to  discuss  whether  cases  of  fever  can  actually 
found  to  illustrate  every  one  of  these  possibilities.  It  is  probable 
that  not  infrequently  diminished  loss  and  increased  produc 
may  be  both  involved  ;  and  it  ought  to  be  remembered  that  the 
healthy  standard  with  which  the  heat-production  of  a  fever 
patient  should  be  compared  is  not  that  of  a  man  doing  hard  work 
on  a  full  diet,  but  that  of  a  healthy  person  in  bed,  and  on  the 
meagre  fare  of  the  sick-room.  When  this  is  kept  in  view,  the 
comparatively  low  heat-production  and  respiratory  exchange 
wliich  have  sometimes  been  found  in  fever  cease  to  excite  sur- 
prise. But  in  any  case,  no  mere  change  in  the  relative  propor- 
tions of  heat  formed  and  lost  is  sufficient  to  explain  the  febrile 
rise  of  temperature.  That  an  increase  in  heat-production  is  not 
of  itself  enough  to  produce  fever  is  proved  by  the  fact  that  severe 
muscular  work,  which  increases  the  metabolism  more  than 
high  fever,  only  causes  in  a  healthy  man  a  rise  of  about  i*^  C. 
in  the  rectal  temperature.  When  the  work  is  over,  the  tempera- 
ture comes  rapidly  back  to  normal.  The  essence  of  the  change 
in  fever  is  a  deran^cmeni  of  the  mechanism  by  which  in  the  healthy 
body  excess  or  defect  of  average  metabolism,  or  of  average  heat- 
loss,  is  at  once  compensated  and  the  equilibrium  of  temperature 
maintained. 

This  derangement  only  lasts  as  long  as  the  temi>eralure  is 
rising.  Wlien  it  becomes  stationary  at  its  maximum  we  have 
again  adjustment,  again  equality  of  production  and  escape  of 
heat ;  but  the  adjustment  is  now  pitched  for  a  higher  scale  of 
temperature.  A  rough  analogy,  so  far  as  one  part  of  the  pro- 
cess is  concerned,  may  be  found  in  the  behaviour  of  the  ordinary 
gas-regulator  of  a  water-bath.  It  can  be  '  set  *  for  any  tempera- 
ture. That  temperature,  once  reached,  remains  constant  within 
narrow  limits  of  oscillation  ;  but  the  regulator  can  be  equally 
well  adjusted  for  a  higher  or  a  lower  temperature. 

Rosenthal  has  concluded  from  calorimetric  observations  that, 
in  the  first  stage  of  fever,  while  the  temfjerature  is  rising,  there 
is  always  increased  retention  of  heat.  Maragliano  actually 
found  evidence,  by  means  of  the  plethysmograph,  that  the 
cutaneous  vessels  are  at  this  stage  constricted,  and  that  the 
constriction  may  even  precede  the  rise  of  temperature.  Both 
observations  lend  support  to  the  famous  '  retention  '  theor\*  of 
Traube.  At  the  height  of  the  fever  there  is  often,  though  aj^par- 
enily  not   always,   an   increase   in   the  heat-production.     After 
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the  crisis,  while  the  fever  is  subsiding,  the  rate  at  which  heat  is 
being  lost  rises  sharply.  As  to  the  explanation  of  the  increase 
of  metabolism  in  fever,  various"'views  have  been  licld.  Some 
have  gone  so  far  as  to  say  tliat  the  increase  is  merely  the  con- 
sequence, not  the  cause,  of  the  rise  of  temperature.  Hut  the 
rebutting  evidence  which  has  been  brought  against  this  view  is 
strong  and,  indeed,  overwhelming.  The  increase  of  urea,  for 
example,  is  often  much  greater  in  fever  than  any  increase  which 
can  l)e  brought  about  by  artificially  raising  the  temperature  ot 
a  healthy  individual  by  means  of  hot  baths.  Further,  this 
excessive  excretion  of  urea  does  not  run  ))arallel  with  the  rise  of 
temperature  in  fever,  but  is  generally  most  marked  afUr  the 
crisis.  During  the  stage  of  defer\'escence  an  enormous  amount 
of  urea  is  sometimes  given  off.  In  a  case  of  typhus,  m  the 
mixed  urine  of  the  third  and  fourth  days  after  the  crisis,  no  less 
than  if>o  grammes  of  urea  was  found  (Naunyn),  or  nearly  three 
times  the  normal  amount  for  a  man  on  full  diet.  Again,  when 
fever  is  caused  by  the  injection  of  bacteria  or  their  products, 
the  increase  in  the  carbon  dioxide  eliminated  and  oxygen  con- 
sumed occurs  even  when  the  tem|x^rature  is  prevented  from 
rising  by  cold  baths.  It  seems  perfectly  clear,  then,  that  tlie 
increase  of  metabolism  is.  in  many  rases  at  least,  a  jirimary 
phenomenon  of  fever,  and  it  remains  to  ask  whetlier  the  rise 
of  temperature  is  anything  more  than  a  superficial,  and,  so  to 
speak,  an  accidental  circumstance.  The  orthodox  view  for 
many  ages  has  undoubtedly  been  that  the  increase  of  tempera- 
ture is  in  itself  a  serious  i>art  of  the  pathological  process,  a 
symptom  to  be  fought  with,  and,  if  possible,  removed.  And, 
indeed,  it  is  not  denied  by  anyone  that  the  excessive  rise  of 
temperature  seen  in  some  cases  of  febrile  disease  (to  43°  C, 
or  even  to  45**),  is,  apart  from  all  other  changes,  a  most  imminent 
danger  to  life,  unless,  as  is  sometimes  the  case  (in  influenza,  ^.g., 
where  a  temperature  of  44*^  has  been  obser\-ed),  the  high  tempera- 
ture lasts  only  a  short  time.  But  some  evidence  has  been 
brought  forward,  mostlv  from  the  field  of  bacteriology,  to 
support  the  idea  that  tlie  rise  of  temj^erature  is  of  the  nature 
of  a  protective  mechanism,  that  fever  is,  indeed,  a  consuming 
fire,  but  a  fire  that  wastes  the  body,  to  destroy  the  bacteria. 
The  streptococcus  of  erysi|^las,  for  example,  does  not  develop 
at  39^  to  40"  C,  and  is  killed  at  39*5''  to  41"  C.  Anthra.v  l)acilli. 
kept  at  42"  to  43*^  C.  for  some  time,  are  attenuated,  and  when 
injected  into  animals  confer  immimity  *o  the  disease.  Heated 
for  several  days  to  41'*  to  42°  C,  pneuroococci  render  rabbits 
immune  to  pneumonia.  These  bacj 
sup|K»rted  to  a  certaiu  extent 
has  been  observed  that  a  d 
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a  better  chance  of  recovery  tlian  a  case  which  shows  no  fever. 
But  loo  much  weight  ouf^ht  not  to  be  ^ven  to  isolated  facts  ol 
this  sort,  and  ad\'orse  evidence  can  be  produced  both  from  the 
laboratory  and  the  hospital.  For  although  hens  are  immune 
to  anthrax  under  ordinary  conditions,  but  can  be  infected  b; 
inoculation  wlien  artiftcially  cooled,  frogs,  equally  immune 
the  temperature  of  tlie  air,  become  susceptible  when  artificiall; 
heated.  And  it  is  imi)ossib]c  to  deny  that  the  use  of  cold  bat 
in  ty])hoid  lever  is  sometimes  f)t  remarkafile  benefit. 

Distribution  of  Heat — Temperature  Topography. — The  gr 
foci  of  heat- formation — the  muscles  and  glands— would,  if  h 
were  not  constantly  leaving  them,  in  a  short  time  become  muc 
warmer  than  the  rest  of  the  body  ;  whik  stnictures  like  the 
bones,  skin,  and  adipose  tissue,  in  which  chemical  change  and 
heat-production  are  slow,  would  soon  cool  down  to  a  temperature 
not  much  exceeding  that  of  the  air.  The  circulation  of  the 
blood  insures  that  heat  produced  in  any  organ  shall  be  carri 
away  and  sj^edily  distributed  over  the  whole  body  ;  w 
direct  conduction  also  plays  a  considerable  part  in  maintaini 
an  approximately  uniform  temperature.  The  unifomiity,  how- 
ever, is  only  approximate.  The  temperature  of  the  liver 
several  degrees  higher  than  that  of  the  skin,  and  the  temperatu 
of  the  brain  several  degrees  higher  than  that  of  the  cornea. 
The  blood  of  the  superficial  veins  is  colder  than  that  of 
corresponding  arteries. 


rie^_ 
lin^ 


The  crural  vein,  (or  example,  carries  colder  blood  than  the  cr 
artcr\',  and  the  external  jugnlar  than  the  carotid.     The  heat  pr 
diiccd  in  the  deeper  parts  of  the  regions  which  they  drain  is  mo 
than  counterbalanced  by  the  heat  lost  in  the  more  superficial  part 
When  loss  of  heat  from' the  surface  is  sufficiently  diminished  by  a 
artificial  covering,  or  prevented  by  the  protected  situation  of  any 
organ  with  an  active   metabolism^   the  venous   blood   leaving  it  is 
warmer  than  the  arterial  blood  coming  to  it.     The  temperature 
the  blood  passing  from  the  levator  labii  superioris  muscle  of   t 
horse  during  mastication  may  be  sensibly  higher  than  that  of  tb 
blood  which  feeds  it  ;  the  blood  in  the  vena  profunda  feraoris,  and 
in  the  crural  vein  of  a  dog  with  the  leg  wrapped  in  cotton-wool, 
warmer  by  o'}°  to  o*j5°  than  tho  blood  of  the  crural  artcr\'.     T 
dificrence  of  temjxirature  is  due  to  the  heat  produced  in  the  muscl 
and  it  is  not  difficult  to  show  that  the  difference  ought  to  be  of  i 
order  of  magnitude.     The  quantity  of  blood  in  aj-kilo  dog  isaboui 
4  kilo  ;  f  of  this,  or  |!t  kilo,  is  in  the  skeletal  muscles,  and  the  avera; 
circulation-time  through  them  may  be  taken  as  ten  seconds.     S 
times  in  the  minute,  or  560  times  in  the  hour,  I  kilo  of  blood 
through  the  muscles,  and  is  heated  on  the  average  by  0*2*^.      If 
take  the  specific  heat  of  blood  as  about  equal  to  that  of  water,  this 
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represents   a   heat-production   of 
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1. 000,   or  9,000 


calorics  per  hour.     Now,  the  total  lieat-productiou  of  a  /-kilo  d 
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is  about  19,000  small  calories  per  hour.  o(  which  somewhat  less  tlian 
one-half  is  probably  formed  in  the  skeletal  muscles. 

The  blood  of  the  inlerior  vena  cava  at  tlie  level  of  the  kidneys 
may  be  o'l**  colder  tloan  that  of  the  abdominal  aorta,  but  is  warmer 
than  the  blood  of  the  superior  cava.  The  right  heart,  therefore, 
receives  two  streams  of  nlood  at  different  temjx'raturcs.  which 
mingle  in  its  cavities.  A  controversy  was  long  carried  on  as  to  the 
relative  temperature  of  the  blood  of  the  two  sides  of  the  heart ; 
but  the  researches  of  Hcidenham  and  Korner  have  shown  that  a 
thermometer  passed  into  the  ri^^ht  ventricle  through  the  jugular 
vein  stands,  as  a  rule,  slightly  liigher  than  a  thermometer  introduced 
through  the  carotid  into  the  left  ventricle.  They  consider  that  the 
method  gives  not  so  much  the  temtiKTature  of  the  blood  in  the  two 
cavities  as  that  of  their  walls.  The  tliin-walled  right  ventricle, 
according  to  them,  is  heated  by  conduction  from  the  warm  liver, 
from  which  it  is  only  separated  by  the  dijiphragm.  while  the  left 
ventricle  loses  heat  to  the  cooler  lungs.  They  deny  that  the  differ- 
ence of  temperature  is  caused  by  cooUng  of  the  blood  in  its  passage 
through  the  pulmonary'  capillaries,  for  even  when  respiration  is  sus- 
pended, they  find  a  diflercnce  of  temperature  between  the  two  sides 
of  the  heart.  Under  ordinary'  circumstances,  they  say,  the  inspired 
air  is  already  heated  almost  to  body-tem|>eraturc  before  it  reaches 
the  alvcoU.  But,  while  this  is  the  case,  a  fall  of  less  than  ^f^°  in  the 
temperature  of  the  blood  passing  through  the  lungs  would  account 
for  ail  the  heat  lost  by  the  expired  air.  If  half  of  the  loss  took  place 
in  the  upper  air-passages,  less  than  .,V'  woidd  be  sufficient.  A  slight 
difference  of  temperature  in  the  blood  of  the  two  ventricles  might  be 
caused,  even  in  the  absence  of  respiration,  by  the  hciit  developed  in 
the  cardiac  muscle  itself  dunng  contraction,  a  large  proportion  of 
wliich  must  be  conveyed  by  the  blood  of  the  coronary  veins  into  the 
right  side  of  the  heart. 

The  surface  temperature  varies  between  rather  wide  limits  with 
the  temperature  01  the  environment.  The  temperature  of  cavities 
like  the  rectum,  vagina,  and  mouth,  and  of  secretions  like  the  urine, 
approximates  to  that  of  the  blood  in  the  great  vessels  c»r  the  heart, 
and  undergoes  only  slight  changes.  .\n  increase  in  the  velocity  of 
the  blood  causes  the  internal  and  surface  temperatures  to  come  nearer 
to  each  other,  the  former  falling  and  the  latter  rising.  When  the  loss 
of  heat  from  a  portion  of  the  surface  is  prevented,  the  temperature 
of  this  portion  approaches  the  interniU  temperature.  Kor  this  reason 
a  thermometer  placed  in  the  axilla  approximately  measures  the 
internal  temj^craturc,  and  nut  that  of  the  skin  ;  and  a  thermometer 
in  the  groin  of  a  rabbit,  and  completely  covered  by  the  flexed  tliigh, 
may  stand  as  liigh  as,  or.  it  is  said,  even  higher  than,  a  thermometer 
in  the  rectum  (Hale  White). 

The  surface  temi>crature  is  a  rough  index  of  the  rate  of  heat -loss  ; 
the  internal  temperature,  of  the  rate  of  heat-production.  A  normal 
skin  temperature  and  a  rising  rectal  temperature  would  probably 
indicate  mcreascd  production  of  heat  :  an  increased  rectal  temi^era- 
ture,  in  conjunction  with  a  diminished  surface  temperature,  as  in  the 
cold  stage  of  ague,  might  be  due  cither  to  diminished  heat-loss  whilej 
the  heat-production  remained  normal,  or  to  diminished  he^t-loi 
/>/«s  increased  heat-production. 

The    following    tables   illustrate   the   differs*" 
found  in  the  body.     U  should  be  rcmcmbe^ 
not  strictly  comparable  with  each  othi* 
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maxnmals  in  which  direct  observations  have  been  made  on  the  blood 
is  not  exactly  the  same  as  that  of  man,  the  temperature  of  the  dog, 
for  example,  being  a  little  (about  j°  C.)  higher.  Then  in  the  same 
animal  there  is  no  very  constant  ratio  between  the  temperature  of 
the  blood  in  two  vessels  or  of  the  skin  at  two  points.  Even  in  the 
same  vessel  the  temperature  may  vary  with  many  circumstances^ 
such  as  the  velocity  of  the  stream,  and  the  state  of  activity  of  the 
organ  from  which  it  comes.  Apart  from  physiological  variations, 
experimental  fallacies  sometimes  cause  a  want  of  constancy,  especi- 
ally in  measurements  of  blood  temperature.  The  insertion  of  a 
mercurial  thermometer  into  a  vessel  is  very  Ukely  to  obstruct  the 
passage  of  the  blood  ;  and  if  the  blood  lingers  in  a  warm  organ,  it 
will  be  heated  beyond  the  normal. 


Blood. 

{f>o^-) 

Right  heart      - 

- 

-     ^8-8°  C. 

T.cft 

- 

-     38-6 

Aorta 

- 

-     387 

Superior  vcmi  cava 
Inferior            „ 

: 

-     38-1 

Crural  vein 

- 

-     37-2* 

Crural  artcr>'    - 

- 

-      s8'o 

Profunda  fcmoris  vein 

- 

-     38-2 

Portal  vein 

- 

38-30     1  Va 
38'4-397  1  of 

Hepatic  vein    - 

- 

Tissues. 

Brain 

- 

-     40° 

r.iver 

- 

-     40'6-40*9 

Varies  with  activity 
of  digestive  organs. 


Subcutaneous  tissue   2"i    lower 

than  tliat  of  subjacent  muscles 

(man). 
.\ntcrior  chamber  of  eye   -         -     31*9^  frabbiH 
Vitreous  humour       -         -         -     36" i  M  '  '" 

Cavities.      [Man.) 

Axilla        -         -         -  -  36-3-3--5^  C.  (97*3-99-5*'  F-)- 

Rectum      -         -         -  -  36*-37'8 

Mouth        .         -         -  -  37-25t 

VaRin<i       -         -         -  -  37-5-38 

I'tcrus       -         _         -  -  377-38*3 

Kxtcrnal   auditory  meatus  ^7'y^7"^ 

Bladder    (tcm|K'r.iturc  of 

the  escaping;  urinr)  -  3'>'o-37'5 

*  The  following  numbLTs  were  obtained  (in  an  anasthetized  dog  whose 
rectal  temperature  had  fallen  2"  (  .)  for  the  teni|H'raturc  of  the  walls  of 
the  cniral  artery  an<i  vein,  as  measured  by  an  electrical  resistance 
thermometer. 

Let:  '»/  'i"i:  li-^hily  wrii/^f^ff  in  .v.">/.  \ 

Crural  artery  -         .  -         .      14 "''5 

vein  ....     34-70  I  Kectum,  30*2* 

/.i;'  in'>ri   i,infnllv  ,rt,it>f'ii/  iif\         jAir,  16*3 

Cnir.d  .irterv  ....      vt'7<M 

vi'iii  .....      ^jS.: 

t    Tin*  liMiiperatnre  in  tin*  mouth   is  not  a  \ ery  ri'liablc  index  of 
deep  tom]>eraturo  of  the  IhxIv,  especially  in  cold  weather  or  after  emt 
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Respiratory  Passages, 

~^      Air  r  Middle  of  nasal  cavity 

temperature,  i        .,  trachea 

rs'c     [     ..  ... 


(Horse.) 

'   23  V  c. 

-  ,^3*4  C  in  inspiration. 

-  34*4  C  in  expiration. 


(Man) 

Room 

temperature, 

17V 


(Man) 
Room 


temperature^  | 


Natural  Surfaces, 

Check  (boy.  immediately  after  running) 

\nterior  surface  of  forearm  -         -  - 

Posterior         ,.  .,  -         - 

Skin  over  biceps  .         .         .         _ 

,,        „     head  of  tibia  -         .         . 

„     immediately  below  xiphoid  cartilage 

„     over  sternum  .         .         .         . 

On  hair  (boy) 

Under  hair  over  sagittal  suture  (bov)   - 
Shaved  skin  of  neck  (rabbit) 
On  hiiir       .,  .,  .,  - 

between  eyes      „  -         - 

Artificial  Surfaces. 
I  Surface  of  trousers  over  thiyh 

}  rnaf    nvAr    arm 


coat  over  arm 
wpistccit 


33'5-34'4 
34'a 

33*2 

^O'O 

337-34*0 
36-5 
3i'5 
307       -« 


237-J«7' 

26-8 

26*0 


Normal  Variations  in  the  Temperature. — The  internal  tem- 
perature, as  has  been  already  said,  is  not  strictly  constant.  It 
varies  with  the  time  of  day  ;  with  the  taking  of  food  :  with  age  ; 
to  some  extent  with  violent  changes  in  tlie  external  temperature, 
such  as  those  produced  by  hot  or  cold  baths  ;  and  |.»ossibly  with 
sex.  On  the  average  the  range  of  variation  in  the  temperature 
of  the  rectum  or  urine  of  a  healthy  man  is  from  36-0°  C.  (qO'S"*  F.) 
to  jy^*"  C.  (loo-o^  F.). 

In  the  monkey  a  very  distinct  and  constant  diumal  variation 
has  l>een  observed,  and  the  range  is  much  wider  than  in  man. 
(as  much  as  5-4''  F.),  the  maximum  falling  l>etween  6  and  8  p.m. 
and  the  minimum  between  2  and  4  a.m.  (Simj)son). 

Tlie  daily  curve  of  temperature  shows  a  minimum  in  the  early 
morning,  between  two  and  six  o'clock  (36*3*  C).  and  a  maximum 
in  the  evening,  between  five  and  eight  o'clock  (S/'S*'  C.)  (Fig.  176). 
The  daily  range  in  health  may  be  taken  as  a  little  over 
I**  C,  or  alx)ut  2°  F.  In  fever  it  is  generally  greater,  but  the 
maximum  and  minimum  fall  at  the  same  periods  ;  and  it  is  of 


as  It  iA  apt  to  be  influ^nceil  hy  the  inspired  air.  The  mouth  must*  of 
course  be  kept  closed  iluriiij^  the  measurement.  On  the  avrragt  its 
temperature  is  about  the  wmc  as  that  of  the  axilla,  ami  0-4*  C.  below 
it  of  the  rect  •-*  ♦'•mrveratun?  is  o'2'.  or  0*3°  above  that 

t>»*  A  oUsfrvationa  are  the  l>est,  and 

•"ature  of  the  stream  of  urine. 

■'■lous  limitations,  is  rapid  and 

\  the  person  (Pembrey). 
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scientific,  and  also  of  practical,  interest  that  the  early  morning, 
when  the  temperature  and  pulse-rate  are  at  their  minimum,  is 
often  the  time  at  which  the  flagging  powers  of  the  sick  give  way. 
From  two  to  sL\  o'clock  in  the  morning  the  daily  tide  of  life 
may  he  said  to  rearli  low-water  mark.  Even  in  a  fasting  man 
the  diurnal  tem[>erature  curve  runs  its  course,  but  the  \'aria- 
tions  are  not  so  great.  The  taking  of  food  of  itself  causes  an 
increase  of  temj>erature,  although  in  a  healthy  man  this  rarely 
amounts  to  more  than  half  a  degree.  The  rise  of  temperature 
is  certainly  due  in  part  to  the  increased  work  of  the  alimentary- 
canal,  but  it  is  also  connected  with  the  increase  of  metabolic 
activity  which  the  entrance  of  the  products  of  digestion  into  the 
blood  brings  about.  The  solution  of  the  solids  of  the  food  by 
(he  digestive  juices  is  associated  with  absorption  of  heat,  as  has 

been  observed  in  artificial 
digestion,  and  even  in  a 
case  of  gastric  ftstula. 
The  increased  heat-pro- 
duction, however,  is  more 
than  sufficient  to  prevent 
any  fall  of  body-tempera- 
1  ure  from  this  cause.  The 
I  isL-  ol  temperature  during 
"li^'cstion  is  gradual,  the 
maximum  being  reached 
during  the  fourth  hour,  or 
even  later.  The  greates 
increase  of  heat-produ 
tion  takes  place  durin, 
the  first  hour  after  feeding 
(Reichert). 

The  cause  of  the  daily  variation  of  temperature  has  been  much 
discussed.  There  is  no  doubt  that  several  factors  are  concerned, 
among  the  most  important  being  the  variation  in  the  amount 
of  contraction  of  the  skeletal  muscles  and  the  influence  of  food. 
Muscular  exercise  is  capable  of  causing  a  considerable  rise  in  the 
temperature  of  the  rectum  and  urine,  to  38-5^  C.  (loi-j*^  F.)  or 
even  38-9°  C.  (102**  F.)  without  producing  any  feeling  of  distress. 
Other  unknown  influences  seem  also  to  be  involvea,  as  is  shown 
by  the  fact  that  in  persons  who  work  at  night  and  sleep  during 
the  day  the  curve  of  temperature,  although  greatly  altered,  is 
not  reversed.  The  latest  obser\'ations  on  this  subject  are  those 
of  Benedict.  By  means  of  a  resistance  thermometer  in  the 
rectum,  readmgs  were  taken  usually  every  four  minutes.  With 
such  a  thermometer  no  disturl>ance  of  the  j>erson's  sleep  is 
necessary  to  obtain  a  reading.      He  can  sit  without  disconifo 
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in  any  position,  walk  about  the  room  (returning  to  the  observer's 
table  for  the  observations),  and  even  ride  a  stationary  bicycle. 
Even  years  of  night-work  do  not  eliminate  the  tendency  to  a 
fall  of  temperature  at  night,  a  minimum  in  the  early  morning 
and  a  morning  rise. 

As  to  the  relation  of  age  and  sex  to  temperature,  it  is  only 
necessary  to  remark  that  the  mean  temperature  both  of  the 
young  child  and  of  the  old  man  is  somewhat  higher  than  that 
of  tlie  vigorous  adult  ;  but  a  point  of  more  importance  is  the 
relative  imperfection  of  the  heat-regulation  in  infancy  and 
age,  and  the  greater 
effect  of  accidental  cir- 
cumstances on  the  mean 
temperature.  Thus,  old 
people  and  young  chil- 
dren are  specially  liable 
to  chills,  and  a  ht  ut 
crying  may  b3  sufficient 
to  send  up  the  tempera- 
ture of  a  baby.  In 
infants  an  hour  or  two 
old  tlie  temperature  may 
be  as  low  as  34**  C. 
(93-2°  F.)  or  330**  C. 
(91*4'  F.)  even  when 
they  are  fully  clothed  in 
a  room  at  15^  C.  (59°  F.). 
It  rises  gradually  during 
the  first  day  or  two,  but 
shows  marked  varia- 
tions. On  the  fifth  day 
after  birth,  e.g.,  the 
rectal  temperature 
ranged  from  36-2^  C. 
(97i()°  F.)  to  33-5°  C. 
(92-3''  F.)  in  a  child 
weighing  5J  pounds  (Babak).  The  temperature  of  women  is 
generally  a  little  higher  than  that  of  men,  and  is  also  somewhat 
more  variable. 

After  death  tlie  body  cools  at  first  rapidly,  then  more  slowly 
(Fig.  177).  But  occasionally  a  post-mortem  rise  of  temperature 
may  take  place.  In  certain  acute  diseases  (like  tetanus)  associ- 
ated with  excessive  mascular  contraction  this  has  been  especially 
noticed  ;  in  bodies  v^-asted  by  prolong€id  illness  it  does  not  occur. 
Nearly  an  hour  after  death,  in  a  case  of  tetanus,  tlie  tei 
was  found  to  be  45-3'',  while  before  death  it  was  , 


I77' — Cl'RVE    OF    CODLINr.    AfTtR    DfaTII  : 
GuiNKA-PIO. 

Time  marked  idoog  horizontal,  and  tempera- 
ture aloo^  vrrticAl  axis.  At  a  ether  and 
rhiorofonn  given  to  kill  animal :  drath.  as 
indicated  by  stoppage  of  the  heart,  took  place 
at  b.  The  dotted  Une  shows  the  course  the 
curve  would  have  taken  if  death  bad  occurred 
at  the  moment  the  antestbelics  were  given.  Air 
of  ro>im  lyb". 
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lich).  In  dogs  a  slight  post-mortem  rise  may  )>e  demonstrated, 
especially  when  the  body  is  wrapped  up  ;  but  when  an  ammal 
has  l)een  long  under  the  influence  of  anaesthetics  no  indication 
whatever  of  the  phenomenon  may  l>e  obtained.  The  explana- 
tion of  post-mortem  rise  of  temperature  is  to  be  found  :  (i)  In 
the  continued  metal>olism  of  the  tissues  for  some  time  after  the 
heart  has  ceased  to  beat,  for  the  eel!  dies  harder  than  the  body- 
(2)  In  the  diminislieti  loss  of  heat,  due  to  Uie  stoppage  of  the 
circulation.  {3)  Possibly  to  a  small  extent  in  physical  changes 
(rigor  mortis,  coagulation  of  blood)  in  which  heat  is  set  free. 
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PRACTICAT,  EXERCISES  ON  CHAPTERS  VII.  AND  VIIT. 


I.  Glycogen — (i)  Preftaraiion. — (a)  Place  in  a  mortar  some  f 
sand  and  a  mixture  of  ccjual  volumes  of  saturated  sohition 
mercuric  chloride  and  Esbach's  reagent.*  Put  one  or  two  oN-stcrs 
in  the  mortar,  rub  up  thoroughly,  and  let  the  mass  stand  till  (6)  and 
(c)  have  been  done,  stirring  it  occasioiuilly.  Then  filter  and  pre- 
cipitate the  glycogen  from  the  filtrate  with  alcohol.  Filter  again* 
wash  the  jirecipitate  on  the  filter  with  a  little  alcohol,  dissolve  it  in 
I  or  2  c.c.  of  water,  and  test  for  glycogen  as  in  (fr).  The  mercuric 
chloride  and  Esbach's  reagent  are  added  to  precipitate  the  proteids, 
which  arc  more  completely  thrown  down  in  this  way  than  by  the* 
methods  used  in  (6)  and  (c)  (HuizinRa). 

{b)  Cut  an  oyster  into  two  or  three  pieces,  throw  it  into  boilingj 
water,  and  boil  for  a  minute  or  two.  Rub  up  in  a  mortar  with  cleans 
sand,  and  again  boil.  Filter.  Precipitate  any  proteids  which  have^ 
not  been  coagulated,  by  adding  alternately  a  drop  or  two  of  hydro- 
chloric acid  and  a  few  drops  of  potassio-mercuric  iodide  so  long  as 
a  precipitate  is  produced.  Only  a  small  quantity  of  these  reagents 
will  be  required,  as  the  greater  part  of  the  proteids  has  been  alreadv 
coagulated  by  boiling.  Filter  if  any  precipitate  has  formed.  Ttei 
filtrate  is  opalescent.  Precipitate  the  glycogen  from  the  filtrate ! 
(after  concentration  on  the  water-bath  if  it  exceeds  a  few  c.c.  in 
bulk)  by  the  addition  of  four  or  five  times  its  volume  of  alcohoL 
Filter  off  the  precipitate,  wash  it  on  the  filter  with  alcohol,  and 
dissolve  it  in  a  little  water.  To  some  of  the  solution  add  a  drop  or 
two  of  iodine  ;  a  reddish-b^ow^^  (port  wine)  colour  is  produced, 
which  disappears  on  heating,  returns  on  coaling,  is  removed  by  an 
alkali,  restored  by  an  acid.  Add  saliva  to  some  of  the  glycogen 
solution,  and  put  in  a  bath  at  40**  C.  In  a  few  minutes  rrducini 
sugar  (maltose)  will  be  found  in  it  by  Trommer's  test  (p.  7). 

Note  that  dextrin  (erythrodextnn)  gives  the  same  colour  with 
iodine  as  glycogen  docs.  Dextrin  is  also  precipitated  by  alcohol, 
but  a  greater  proportion  must  be  added  to  cause  complete  precipita- 
tion. Glycogen  is  completely  precipitated  by  saturation  with  mag- 
nesium sulphate  or  ammonium  sulphate,  while  a  pure  solution 
erythrodextrin  is  not  precipitated.     On  the  addition  of  a  drop 

•  Ksliach'sieagcntisasolutionof  logrammespicricacidand aogrammcs 
citric  acid  in  a  litre  of  water. 
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two  of  a  solution  of  basic  lead  acetate  to  a  solution  of  glycogen  in 
distilled  water,  a  precipitate  forms  immediatelv.  When  the  same 
reagent  is  added  to  a  solution  of  dextrin  in  distilled  water  there  is 
no  immediate  precipitate.  Maltose  is  formed  when  dextrin  is 
digested  witli  sauva. 

(c)  Cut  another  oyster  into  pieces,  throw  it  into  boihng  water 
aciduLited  with  dilute  acetic  acid,  and  boil  for  a  few  minutes.  Rub 
up  in  a  mortar  with  sand.  lx«l  again,  and  filter.  Test  a  portion  of 
the  fiitnvte  \vith  iodine  for  glycogen.  Precipitate  the  rest  with 
alcohol,  filter,  difisolvc  the  j^rccipitatc  in  water,  and  test  again  for 
glycogen. 

(2)  Deeply  etherize  a  dog  or  rabbit  five  hours  after  a  meal  rich  in 
carbo-hydrates — £.^.,  rice  and  i>otatoes.  Fasten  it  on  a  holder.  Clip 
off  the  hiiir  over  the  abdumt'ii  in  the  middle  line.  Make  a  mesial 
incision  through  the  skin  .md  abdomiiKd  wall  from  the  cnsiform  car- 
tilage to  the  pubis.  The  liver  will  now  be*  r.ipidly  cut  out  (by  the 
demonstrator)  and  divided  into  two  jwrlions,  one  ol  which  will  be 
(distributed  among  the  class  and)  treated  as  in  (a)  or  (b)  ;  the  other 
will  be  kept  for  an  hour  at  a  temperature  of  40"  C,  and  then  sub- 
jected to  process  {a)  or  {b).  I.ittle.  if  any.  su^ar  and  much  glycogen 
will  be  found  in  the  portion  which  was  l>oiled  immediately  after 
excision.  Abundance  of  sugar  will  be  fonnd  in  the  portion  kept  at 
40°  C.  ;  it  may  or  may  not  contain  glycogen. 

2,  Catheterism.— Iii  many  physiological  experiments  it  is  neces- 
sary to  obtain  urine  from  the  bladder  b)^  means  of  a  catheter.  It 
is  possible  lo  jxiss  a  fine  rubber  catheter  into  the  bladder  of  a  male 
dog.  A  larger  one  is  easily  passed  in  a  male  rabbit,  and  a  still 
larger  in  a  bitch,  which  is  often  used  for  experiments  on  metabolism. 
Even  in  the  bitch  the  opening  of  the  urethra  lies  entirely  concealed 
within  the  vagina,  much  deeper  than  the  cul-de-sac  in  the  mucous 
membrane,  into  wiiich  the  beginner  usually  tries  to  force  the 
catheter.  For  a  first  attempt  the  animal  should  l>c  etherized  and 
fastened  on  a  holder.  The  little  or  index  finger  of  the  left  hand  is 
imsscd  into  the  vagina  till  the  symphysis  pubis  can  be  felt.  A  little 
below  this  is  the  opening  of  the  urethra.  With  the  right  hand  the 
point  of  a  catheter  of  suitable  calibre  is  directed  along  the  finger, 
and  after  a  httle  '  guess  and  trial  '  it  slips  into  the  bladder,  its 
entrance  being  announced  by  the  escape  of  urine.  A  glass  tube 
drawn  out  to  a  sulhtiently  small  calibre  and  bent  near  the  point  is 
the  easiest  form  of  catheter  to  pass  in  a  bitch.  Tlic  pomt  must,  of 
course,  be  roimded  in  the.  flame. 

When  the  bitch  is  to  be  used  in  a  long  scries  of  experiments  an 
operation  is  sometimes  performed  first  of  all  to  render  the  urethral 
orifice  morr  accessible. 

3.  Glycosuria,  (i)  Weigh  a  dog  (female  by  preference)  or  rabbit. 
Give  morpliia  to  the  dog  or  cliloral  to  the  rabbit,  as  described  on 
pp.  165,  1S2.  Fasten  on  a  holder,  and  etherize.  Insert  a  glass 
catmula  into  the  femoral  or  saphena  vein  of  tlie  dog,  or  into  the 
jugular  of  the  rabbit  (p.  178).  Fill  a  large  s\Tinge  with  a  2  per  cent, 
solution  of  dextrose  in  physiological  salt  solution,  connect  it  with 
the  cannula  by  means  of  an  indiarubbcr  lube,  taking  care  that  there 
arc  no  air-bubbles  in  the  tube,  and  slowly  inject  as  much  of  the 
solution  as  will  amount  to  \  or  \  grm.  sugar  oer  kilo  of  bodv-^'' 

Tie  the  vein,  remove  the  cannula,  and  in  half  an  hour  ^ 
bladder  by  passing  a  catheter,  by  pressure  on  the 
both  of  these  raeihods  (ail,  by  tapping  the  blad' 
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pushed  through  the  linea  alba  (supra-pubic  puncture).     In  an  h< 
again  draw  off  the  urine.     Test  both  specimens  for  sugar. 

In  this  ex]:)enment  the  opportunity  may  also  be  taken  to  demon- 
strate that  egg-albumin,  when  injected  into  the  blood,  is  excreted  b^^H 
the  kidneys,  a  filtered  solution  containing  the  albumin  of  one  e^^^ 
and  supar'in  the  quantity  mentioned  being  injected.  ^^M 

The  catheter  may  be  inserted  before  the  injection  is  begun,  and 
the  bladder  evacuated.     After  the  injection  the  urine  that  dro 
from  the  catheter  may  be  collected  in  test-tubes,  tirst  ever>'  t 
minutes,  and  then,  i»s  soon  as  sugar  is  found,  every  ten  rainut 
Determine  llic  interval  between  injection  and  the  appearance  of  tl 
first  trace  of  sugar  and  albumin.     If  a  sufficient  amount  of  urine 
obtamcd,   the  quantity'   of  sugar  in  successive  specimens  may 
estimated  and  compared.     The  rate  of  flow  of  the  urine  as  measur 
by  the  number  of  drops  falhng  from  the  catheter  may  also  be  csli 
mated   from  time  to  time,  in  order  to  determine  wlicthcr  diurcs" 
is  taking  place. 

If  a  rabbit  is  used  for  this  experiment,  the  sugar  solution  ma 
be  injected  into  the  ear  vein.     The  vein  is  caused  to  swell  up  b 
pressing  on  it  with  the  finger  and  thumb,  and  the  hyjK)dermic  nee 
IS  then  mscrted  towards  the  heart. 

(i)  Phi&ridsin  Glycosuria. — Dissolve  \  grm.  of  phloridzm  in  wa 
water,  and  inject  it  subcutaneously  into  a  rabbit.     Obtain  a  samp 
of  the  urine  at  the  end  of  two  hours,  by  pressure  on  the  abdrmieo 
with  the  thumb  or  by  passing  a  catheter,  and  test  for  sugar.     If  no 
is  present,  wait  for  another  interval,  and  again  test  the  urine. 

Tliis  experiment  can  also  be  performed  without  risk  on  man. 
One  grm.  of  phloridzin  has  been  injected  tNvice  a  day  without  dis- 
turbing the  individual.  Much  sugar  is  found  in  the  urinc^  but  it 
disappears  the  day  after  the  administration  of  phloridzin  is  stopped* 
The  phloridzin  may  also  be  given  by  the  mouth,  but  more  is  required* 
and  it  is  not  very  easUy  absorbed,  and  often  causes  dicurrhce 
{v.  Mering). 

(3)   Alimentary   Glycosuria. — The    urine    liaving   been    tested    f 
sugar  for  two  successive  days,  and  none  being  found, 

(a)  a  large  quantity  of  cane-sugar  is  to  be  taken  in  the  form  which 
is  most  ag^reeablc  to  the  student.  The  urine  of  the  next  twenty-four 
hours  is  to  be  collected  and  measured.  A  sample  of  it  is  then  to  be 
tested  for  reducing  sugar  by  Trommer's  and  the  phenyl- hydrazine 
test.  If  any  sugar  is  found,  the  reducing  power  of  a  defiriite  quantity 
of  the  urine  is  to  be  determined  by  titration  with  FchUng's  solution] 
(p*  43U  (<^)  before  and  (^)  after  boiling  with  hydrochlonc  acii 
(p.  3H0). 

Or  {b)  a  large  mc;d  of  rice  and  arrowroot,  sweetened  with  as  muc! 
dextrose  as  the  observer  can  induce  himself  to  swallow,  is  to  bo, 
taken,  and  the  urine  treated  as  in  (a). 

Or  (c)  a  large  number  of  sweet  oranges  may  be  eaten. 

If  experiments  {a),  (b)  and  (c)  are  all  unsuccessful,  (a)  and  (6)  nu.y 
be  repeated  on  a  dog. 

4.  Milk. — (I)   Examine  a  drop  of    fresh  cow's  milk   with   tl 
microscope.     Note  the  fat  globules  of  various  sizes. 

[2)  Determine  the  specific  gravity  of  the  milk  with  a  hydrorae 
(lactometer).     Then  centrifugalize  some  of  the  milk  to  separate  t 
cream,  which  rises  to  the  top  of  the  ttibes.     Kemovc  the  cream  an 
determine  the  s]>ecific  ;^;ivi1y  of  the  skimmed  milk.     It  will  be  foun 
to  have  increased  since  the  fat  is  of  lower  specific  gravity  tlian  I 
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rest  ol  the  milk.     Normal  cow's  milk  has  a  specific  gravity  df  1.028 
to  1*054,  skimmed  milk  1,0^3  to  i»037. 

(3)  Test  the  reaction  of  the  milk  to  litmus-paper.  It  is  slightly 
alkaUne. 

(4)  (a)  Put  10  c.c.  of  milk  in  a  test-tube,  and  nearly  till  it  up  with 
water.  Add  strong  acetic  acid  drop  by  drop,  A  precipitate  of 
cascinogen  is  thro\%'n  down  wluch  entangles  the  fat.  and  c^irries  it 
down  mechanically  along  with  it.  Filter  off  the  precipitate.  Keep 
the  filtrate  for  (b).  Wash  the  precipitate  witn  water,  scrape  a 
portion  of  it  off  the  filter,  and  add  to  it  some  2  per  cent,  soaium 
carbonate  solution.  The  caseinogen  dissolves,  while  the  fat  remains 
in  suspension.     The  solution  gives  the  colour  reactions  for  proteids 

(p.  4). 

(6)  Test  some  of  the  filtrate  by  Trommer's  test  (p.  7)  for  lactose. 
Add  dilute  sodium  carbonate  solution  to  another  portion  till  it  is 
only  sUghtly  acicL  Boil,  and  lactalbumin  is  coagulated.  Remove 
the  lactalbumin  by  filtering,  and  test  this  fdtrate  U*t  earthy  {t,e„ 
calcium  and  magnesium)  phosphates  by  adding  a  few  drops  of 
ammonia,  wliich  precipitates  them  as  a  sUght  cloud. 

(c)  To  5  c.c.  of  milk  add  an  equal  volume  of  saturated  ammonium 
sulphate  solution.  The  caseinogen  is  precipitated,  entangling  the 
fat.  Filter  off.  The  filtrate  may  be  used  to  test  for  lactalbumin 
by  boiling.  The  addition  of  water  to  the  precipitate  of  caseinogen 
{and  fat)  on  the  filter  causes  the  cascinogen  to  dissolve,  as  it  is  soluble 
in  weak  salt  solutions.  Caseinogen  can  also  be  precipitated  by 
saturating  milk  with  sodium  chloride  or  magnesium  sulphate. 

(5)  To  5  c.c,  of  milk  add  a  couple  of  drops  of  20  |)cr  cent, 
sodium  or  potassium  hydrate  and  then  a  few  c,c.  of  ether.  Shake 
up.  The  ether  dissolves  the  fat.  and  the  opacity  of  the  milk 
diminishes.  Take  off  the  ether  with  a  pipette,  evaporate  away 
most  of  it  on  a  water-bath,  and  place  a  drop  or  two  of  the  remainder 
on  a  filter-paper.  A  greasy  stain  is  left,  showing  the  presence  of 
the  fat  of  the  milk  or  butUr. 

(6)  Clotting  of  Miik. — (a)  To  a  few  c.c.  of  milk  in  a  test-tube  add 
a  few  drops  of  rennet.  Place  the  tube  in  a  bath  at  40*^  C.  In  a  short 
time  a  clot  or  curd  is  formed,  consisting  of  casein,  which  is  derived 
from  the  caseinogen.  The  fat  Ls  entangled  in  the  clot.  On  standing 
some  time  the  clot  contracts,  and  exudes  the  whey.  Boil  some  of 
the  whey  after  shght  acidulation  witli  acetic  acid  ;  the  lactalbumin 
and  whcy-proteid  are  coagulated.  Test  another  portion  of  whey 
for  proteids  by  one  of  the  general  protcid  tests  (p.  4) — e.g.,  the 
xanUioproteic. 

(6)  Repeat  (a)  but  use  rennet  which  has  been  previously  boiled 
The  milk  is  not  curdled  because  the  ferment  has  been  killed  by  boiling. 

{c)  To  10  C.C.  of  milk  add  ?  c.c.  of  i  per  cent,  poto^um  oxalate. 
Divide  the  oxalated  milk  into  three  portions — -A,  B,  and  C.  To  A 
add  a  few  drops  of  rennet,  to  B  i  c.c.  of  2  per  cent,  calcium  chloride 
solution  and  a  little  rennet,  and  to  C  i  c.c.  of  3  per  cent,  calcium 
chloride  solution  alone.  Put  ttie  tubes  at  40°  C.  Clotting  will 
occur  iu  B,  but  not  in  A  or  C 

5.  Cheese. — (1)  Rub  up  some  finely-grated  cheese  in  a  mortar 
with  2  per  cent,  sodium  carbonate  solution.  Filtpr.  Tho  filtrate 
contains  casein,  which  can  be  precipitated  by  a<'  '  ctic 

acid  by  drops  to  a  iv>rtion  of  the  filtrate.     The  pi  luble 

in  excess  of  the  acid.     With  another  portion  of  thr  **  » 

some  of  the  general  protcid  tests  (p.  4). 
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(2)  Shake  up  some  finely-grated  cheese  in  a  dry  teat -tube  with 
clhcr.  Take  off  the  ether  w-ith  a  pipette,  and  evaporate  on  a  water- 
balh  till  only  a  few  drops  remain.  With  a  glass  rod  put  a  drop  of  the 
ether  on  a  piece  of  filter-paper.  A  greasy  spot  is  left,  showing  that 
fat  is  present. 

6.  Fiour. — ^(i)  Mix  some  wheat-flour  with  a  little  water  into  a 
stit!  douj^h.  Let  it  stand  for  a  few  minutes  at  body-tempcratiirc 
to  facilitate  the  forni.itian  of  gluten.  Wrap  a  piece  in  cheese-cloth, 
forming  a  kind  of  bag,  and  knead  it  with  the  lingers  in  a  capsule  of 
water.  The  starch  grains  come  tlu^ough  the  cheese-cloth.  Pour 
the  water  into  a  beaker.  It  is  opaque,  and  on  standing  the  starch 
grains  sink  to  the  bottom.  (*t)  Test  for  starch  with  the  iodine  test, 
and  also  examine  microsconicrvlly,  The  grains  are  round,  with  a 
central  hihim,  and  arc  smaller  than  those  of  potato  starch  (p.  7). 
(b)  Test  for  sugar  by  Trommcr's  test  (]3.  7).  None  is  present 
unless  the  flour  has  been  made  from  inferior  grain  in  which  some 
germination  has  taken  place. 

(2)  Go  on  kncadinp  the  dough  til!  no  more  starch  comes  through. 
The  sticky  mass  which  remams  in  the  bag  is  a  proteid  called  gtutertt 
which  is  formed  from  ccrtam  globulins  m  the  flour  on  addition  of 
water.  OatmcHil,  ground  rice,  and  other  grains  poor  in  gluten- 
forming  globiihns  do  not  form  dough  when  mixed  with  water. 
Suspend  some  of  the  gluten  in  water  in  a  test-tube,  and  apply  to  it 
the  general  proteid  colour  tests  (p.  4). 

7.  Bread. — (i)  Rub  up  a  small  piece  of  the  crumb  of  a  stale  loal 
in  a  mortar  with  water.  Strain  through  a  cheese-clotli.  The  fluid 
which  p<LSses  through  contains  starch  grains,  (a)  Filter  it,  and 
test  a  jMirtion  of  the  tiltrate  for  dextrose  by  Trommer's  test.  A 
positive  result  is  obtained.  Test  another  portion  with  iodine  for 
cr\'throdcxtrin,  (6)  Test  a  portion  of  the  residue  of  the  bread 
which  has  not  passed  through  the  cheese-clotti  for  proteid  by  the 
general  proteid  tests — *.^.,  the  xanthoproteic  or  Millon's  tests 

(2 1  Repeat  (I)  using  the  crust  of  the  bread.  Roth  dextrose  and 
erythrodcxtrin  are  present  in  the  cold-water  extract,  but  the  dextrose 
is  less  plentiful  than  in  the  crumb,  having  been  converted  into 
caramel  in  the  baking.  The  sugar  and  dextrin  arc  formed  from  the 
starch  of  the  flour  by  the  ferments  of  the  yeast  employed  to  make  the 
bread  rise. 

8.  Measurement  of  the  Quantity  of  Heat  given  off  in  Respiration. 
— This  may  be  done  approximately  as  follows  :  Put  in  the  inner 
copper  vessel.  A,  of  the  respiration  calorimeter  (Fig.  174,  p.  503)  a 
measured  quantity  of  water  sufficient  to  completely  cover  the  series 
of  brass  discs.  Place  \  in  the  wide  outer  cylinder,  the  bottom  of 
which  it  is  prevented  from  touclung  by  pieces  of  cork.  The  outer 
cylinder  hinders  loss  of  heat  to  the  air.  Suspend  a  thermometer  in 
the  water  tlirough  one  of  tlie  holes  in  the  lid.  In  the  other  hole 
place  a  glass  rod  to  serve  as  a  stirrer.  Head  off  the  temperature  of 
the  water.  Put  the  glass  tube  connected  with  the  apparatus  in  the 
mouth,  and  breathe  out  through  it  as  regularly  and  normally  as 
possible,  closing  the  opening  of  the  tube  with  the  tongue  after  each 
expiration  and  breathing  in  through  the  nose.  Continue  this  for 
five  or  ten  minutes,  taking  care  to  stir  the  water  frequently.  Then 
read  ofl  the  temperature  again.  If  W  be  the  quantity  of  water 
in  c.c,  and  /  the  obser\'ed  rise  of  temperature  in  degrees  Centigrade, 
W/  equals  the  quantity  of  heat,  expressed  in  small  calories  (p.  49S), 
given  off  by  the  respiratory  tract  in  the  time  of  the  experiment,  on 
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the  assumptions  (i)  that  all  the  h&at  has  been  absorbed  by  the 
water,  (2)  that  none  of  it  has  been  lost  by  radiation  and  conduction 
from  the  calorimeter  to  the  surrounding  air.  Calculate  the  loss  in 
twenty-Cour  hours  on  this  basics  ;  then  repeat  the  experiment, 
breathing  as  rapidly  and  deeply  as  possible,  so  as  to  increase  the 
amount  of  ventilation.  The  quantity  of  heat  given  ofl  will  be  found 
to  Ik;  increased.* 

In  an  experiment  of  short  duration  (2)  is  approximately  ful6llcd. 
As  to  O).  it  must  bt*  noted  that  In  the  first  place  the  metal  of  the 
calorimeter  is  heated  as  well  as  the  water,  and  the  wvitcr-equivalcnt  of 
the  apparatus  must  be  added  tn  the  weight  of  the  water  (p.  408). 
The  water-equivalent  is  determined  by  puttiniz  a  definite  weight  of 
water  at  air  temperature  T  into  tlic  calorimeter,  and  then  allowing 
a  quantity  of  hut  water  at  known  temperature  T'  to  run  into  it, 
stirring  well,  and  noting  the  temperature  of  the  water  when  it  has 
ceased  to  rise.  Call  this  temperature  T".  Enough  hot  water  should 
be  added  to  raise  the  temperature  of  the  calorimeter  about  2°  C 
The  quantity  run  in  is  obtained  by  weighing 
the  calorimeter  before  and  after  the  hot  water 
has  been  added.  Suppose  it  is  m.  Let  the 
mass  of  the  cold  water  in  the  calorimeter  at 
first  be  M,  and  let  M'  =  the  mass  of  water  which 
would  be  raised  1°  C.  in  temperature  by  a 
quantity  of  heat  sufficient  to  increase  the 
temperature  of  all  the  metal,  etc.,  of  the 
calorimeter  by  1° — in  other  words,  the  water- 
equivalent  of  the  calorimeter. 

The  mass  m  of  hot  water  has  lost  heat  to 
the  amount  of  m  {T'-T").  and  this  has  gone 
to  raise  the  temperature  of  a  mass  of  water  M, 
and  metal  equivalent  to  a  mass  of  water  M', 
by  (T'-  T)  degrees.  /.  m  (T'-T")  =  M(r'-T) 
+  M'(T'  — T).  Evcrj'thing  in  this  equation 
except  M'  is  know*n.  and  /.  M',  the  walcr- 
cquivalcnt  of  the  calorimeter,  can  be  deduced, 
and  must  be  added  in  all  exact  experiments 
to  the  mass  of  water  contamed  in  it. 

Secondly,  all  the  excess  of  heat  in  tlie  expired  over  that  in  the 
inspired  air  is  not  given  off  to  the  calorimeter,  for  the  air  passes  out 
of  It  at  a  slightly  higher  temperature  than  that  of  the  atmosphere. 
.\t  the  beginning  of  the  experiment  this  excess  of  temperature  is 
zero.  If  at  the  end  it  is  i**  C.  the  mean  excess  is  o"5  C.  Now, 
when  respiration  is  carried  on  in  a  room  at  a  temperature  of  10°  C, 
the  expired  air  has  its  temperature  increased  oy  nearly  ^o"  C. 
About  ^„  of  the  heal  given  off  by  the  respiratory  tract  in  raising  the 
temperature  of  the  air  of  respiration  would  accordingly  be  lost  in 
such  an  experiment.  But  since  the  portion  of  the  heat  lost  by  the 
lungs  which  goes  to  heat  the  expired  air  is  only  f  of  the  whole  heat 
lost  in  respiration  (p.  ^n\),  the  error  would  only  amount  to  j|b  of 
the  whole,  and  this  is  negligible. 

Thirdly,  the  air  leaves  the  calorimeter  saturated  with  watery 
vapour  at.  say,  io"5'.  while  the  inspired  air  is  not  saturated  for 
10°  C.     Now.  the  quantity  of  heat  rendered  latent  in  the  evaporation 

*  The  average  hcit-loss  by  the  lungs  for  51  men  {calculated  for  the 
2\  hours)  was  312.000  <imnU  calorifs  (or  normal,  919.000  (or  the  fastest, 
and  195,000  for  the  slowest  breathing. 
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of  water  sufficient  to  saturate  a  given  quantity  of  air  at  40^  C 
(the  expired  air  is  saturated  for  body- temperature)  is  six  times  that 
rccpiired  to  saturate  the  same  quantity  of  air  at  10**.  If,  then, 
tixe  inspired  air  is  half  saturated,  the  error  under  this  head  is  -f^,  or 
8i  per  cent.  If  the  inspired  air  is  three-quarters  saturated,  the  error 
is  i}^,  or  about  4  per  cent.  If  the  air  is  fully  saturated  before 
inspiration,  as  is  the  case  when  it  is  drawn  in  through  a  water- 
valve  (Fig.  178)  by  a  tube  fixed  in  one  nostril,  the  only  error  is  that 
due  to  the  slight  excess  of  temperature  of  the  air  leaving  the  calori- 
meter over  that  of  the  inspired  air.  The  latent  heat  of  the  aqueous 
vapour  in  saturated  air  at  lo's"  C.  is  about  .^^j  more  than  the  latent 
heat  of  the  aqueous  va]X}ur  in  the  same  mass  of  saturated  air  at 
lo**  C,  or  about  j-Ad  o^  ^^^  latent  heat  in  saturated  air  at  40**.  The 
error  in  this  case  would  therefore  be  under  i  per  cent.  The  tubes 
must  be  wide  and  the  bottle  large. 

g.  Variations  in  the  Quantity  of  Urea  excreted,  with  Variations 
in  the  Amount  of  Proteids  in  the  Food. — ^The  student  should  put 
himself,  or  somebody  else  if  he  can.  for  two  days  on  a  diet  poor  in 
proteids.  then  (alter  an  interval  of  forty-eight  hours  on  his  ordinary 
food)  for  two  days  on  a  diet  rich  in  proteids.  A  suitable  table  of 
diets  will  be  supplied.  The  urine  should  be  collected  on  the  six  days 
of  the  jwriod  of  experiment,  on  the  day  before  it  begins,  and  on  the 
diiy  after  it  ends.  Small  samples  of  the  mixed  urine  of  the  twenty- 
four  hours  for  each  of  these  eight  days  should  be  brought  to  the 
laboratory,  and  the  quantity  of  urea  determined  by  the  hypobromite 
mctluxi.  The  volume  of  the  urine  passed  in  each  interval  of  twenty- 
four  hours  being  known,  the  total  excretion  of  urea  for  the  twenty- 
four  hours  can  be  calculated,  and  a  curve  plotted  to  show  how  it 
varies  during  the  j>eriod  of  experiment.* 

•  In  1 7  healtliy  students  the  average  amount  of  urea  excreted  in  twenty- 
four  hours  on  the  ordinary  diet  was  20-5 1  grammes  (minimum  19*35 
grammes,  maximum  4(^\Kty  Krainmes)  ;  on  a  diet  poor  in  proteid,  average 
J075  grammes  (minimum  <>'5I7  K^'^^nu'S,  maximum  32-857  grammes); 
<»n  a  liitt  rtcli  in  proteid.  average  .1MS3  granuncs  (minimum  23*265  grammes. 
ma\tmum  Oj'Sj  grammes). 


CHAPTER    IX 


MUSCLE 


It  is  impossible  to  understand  the  general  physiolo•,'^'  of  muscle  and 
nerve  without  some  acquaintance  with  electricity.  It  would  be  out 
of  place  to  g^ivc  even  a  complete  sketch  of  this  preliminar\'  but 
essential  knowledge  here  ;  and  the  student  is  expressly  warned  that 
in  this  book  the  elementary  facts  and  principles  of  physics  are 
assumed  to  be  part  of  his  mental  outfit.  But  in  dcscribmg  some  of 
the  electrical  apparatus  most  commonly  used  in  the  study  of  tliis 
portion  of  our  subject,  it  may  tc  useful  to  recall  the  physical  facts 
i-<vnlvcd. 

Batteries. — The  Danicll  cell  is  perhaps  better  suited  for  physio- 
logical work  than  any  other  voltaic  element,  although  for  special 
pur|)oscs  Bunscn.  Grove,  Le- 
rlanche,  and  bichromate  of 
potassium  batteries  may  he 
employed.  Dry  batteries  are 
very  convenient  for  work  in 
which  the  current  docs  n«>T 
need  to  be  very  constant,  anrl 
where  it  is  omy  closed  for  a 
short  time. 

The  Danicll  is  a  t^vo- fluid  cell. 
Saturated  solution  of  sulphate 
of  copper  is  contained  in  an 
outer  vessel,  and  a  dilute  solu- 
tion of  sulphuric  acid  in  a 
porous  pot  standing  in  the 
cop|)cr  sulphate  solution.  The 
latter  is  kept  saturated  by  a 
few  crystals  of  copper  sulphate. 
A  piece  of  sheet -copper,  gener- 
ally bent  so  as  to  form  a  hollow  cylinder,  dips  into  the  sulphate  of 
copjwr.  and  a  piece  of  amalgamated  nnc  into  the  contents  of  the 
jwrous  pot.  Inside  the  cell  the  current  (the  |x>sitivc  electricity) 
j>asses  from  zinc  to  copper ;  outside,  from  copper  to  zinc.  The  cop|jer 
is  called  the  positive,  the  rinc  the  negative,  pole.  When  the  current 
is  passed  through  a  tissue,  the  elcctrodi*  by  which  it  enters  is  termed 
the  anode,  and  that  by  which  it  leaves  the  tissue  the  kathode.  The 
anode  is,  therefore,  the  electrode  connected  with  the  copi>rr  of  the 
Danirll's  cell  :  the  katho<U'  is  connected  with  the  zinc. 

Potential     Current  Strength  -  Resistance.  —  Wc  do  not 
in  reality  electricity  is,  but  we  do  know  that  when  a 
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\t  outer  vessel ;  B,  copper :  C,  poroui' 
pot ;  D,  zinc  rod  ;  D  is  tupposed  to  be 
raised  a  little  so  oa  to  be  seen. 
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along  a  wire  energy'  is  expended,  just  as  en^gy  Is  expended  when 

water  flows  from  a  higher  to  a  lower  level.  Many  of  the  phenomena 
of  current  electricity  can,  in  fact,  be  illustrated  by  the  laws  of  flow 
of  an  incompressible  liquid.  The  difierence  of  level,  in  x-irtuc  of 
which  the  tUuv  of  liquid  is  maintained,  corresponds  to  the  difference 
of  electrical  level,  or  potetUiiiL  in  virtue  of  wliich  an  electrical  current 
is  kept  up.  The  ^jositive  pole  of  a  voltaic  cell  is  at  a  higher  potential 
than  Llie  negative.  When  they  are  connected  by  a  conductor,  a  flow 
of  electricity  takes  place,  which,  if  the  difference  of  level  or  potential 
were  not  constantly  restored,  would  soon  equalize  it.  and  the  current 
would  cease  ;  just  as  the  flow  of  water  from  a  reservoir  would  ulti- 
mately stop  if  it  was  not  replenished.  If  the  reservoir  was  small,  and  ^i 
the  discharginp-pipe  lar^e,  the  flow  would  only  last  a  short  time;  ^H 
but  if  water  was  const mtly  being  pumped  up  into  it.  the  flow  would  ^H 
go  on  indefinitely.     This  fs  practically  the  ca.se  in  the  Daniell  cell.  ■ 

Zinc  is  constantly  being  dissolved,  and  the  chemical  energy'  which 
thus  disappears  goes  to  maintain  a  constant  diiTerence  of  potential 
between  the  poles.  Electricity,  so  to  speak,  is  continually  running 
down  from  the  place  of  liiglier  to  the  place  of  lower  potential,  but 
the  cistern  is  always  kept  full. 

The  difference  of  electrical  potential  between  two  points  is  called 
llie  electromotive  force  ;  and  from  its  analogA*  with  difference  of 
pressure  in  a  liquid,  it  is  easy  to  understand  that  the  intensity  or 
strength  of  the  current — that  is,  the  rate  of  flow  of  the  clectricity 
between  two  points  of  a  conductor — does  not  depend  upon  the 
electromotive  force  alone,  any  more  th-^.n  the  rate  of  discharge  of 
water  from  the  end  of  a  long  pipe  depends  alone  on  the  difference  of 
level  between  it  and  the  reservoir.  In  both  cases  the  resistance  to 
the  flow  must  also  be  taken  account  of.  With  a  given  difference  of 
level,  more  w%iler  will  pass  per  second  through  a  wide  than  through 
a  narrow  jiijie,  for  the  resistance  duo  to  friction  is  greater  in  the 
latter.  In  the  case  of  an  electrical  current,  a  wire  connecting 
the  two  poles  of  a  Daniell's  cell  will  represent  the  pipe.  A  thick 
short  wire  has  less  resistance  tlian  a  thin  long  wire  ;  and  for  a  given 
difference  of  potential,  of  electric  level,  a  stronger  current  will  flow- 
along  the  former.  But  for  a  wire  of  given  dimensions,  the  intensity 
of  the  current  will  van,'  with  the  electromotive  force.     The  relation 

between   electromotive    force,   strength   of  current,   and   resistance 

p" 
u-ere  experimentally  determined  bv  Ohm,  and  the  formula  C  =      , 

K, 
wliich  expresses  it,  is  called  Ohm's  I^w.  It  states  that  the  current 
varies  directly  as  the  electromotive  force,  and  inversely  as  the 
resistance. 

Although  we  do  not  know  in  what  electrical  resistance  consists,  it 
may  bo  defined  as  that  ]>ro|x?rty  of  a  conductor  in  virtue  of  wluch  a 
flow  of  electricity  cannot  be  kept  up  through  it  without  the  ex[x;ndi- 
turc  of  energy.  In  treating  of  the  circulation  of  the  blood,  we  have 
already  seen  that  the  flow  of  a  litjuid  along  a  tube  involves  the 
expenditure  of  energy  to  overcome  the  friction  of  the  liquid  mole- 
cules on  each  other,  and  that  this  energy  is  transformed  into  heat 
(p.  65).  In  like  manner  electrical  energy  is  transformed  into  heat 
whenever  a  current  flows  along  a  wire.  The  heat  produced  in  a 
circuit  m  which  no  external  work  is  done  is  exactly  equal  to  the 
energy  which  has  disappeared  in  the  transference  of  the  electricity 
from  the  place  of  higher  to  the  place  of  lower  potential  :  just  as  the 
heat  produced  in  the  flow  of  a  Uquid  is  equal  to  the  difference  in  its 
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total  energy  at  the  beginning  and  end  of  the  path.  If  C  is  the  current 
strength,  and  K  the  electromotive  force,  the  energy  represented  by 
the  tranafcrence  of  electricity  in  time  t  is  KO,  or  (since  E-CR  by 
Ohm's  Law),  OR//  and  this  represents  the  heat  produced  in  the 
circuit  when  nf)  work  is  done. 

I'or  the  measurement  of  electrical  quantities  a  s>'stera  of  units  is 
necessary.  The  common  unit  of  resistance  is  the  ohm,  of  current 
the  ampere,  of  electromotive  force  the  xnyit.  The  electromotive  force 
of  a  DHnicll's  cell  is  about  a  volt.  An  electromotive  force  of  a  volt, 
acting  through  a  resistance  of  an  ohm,  yields  a  current  of  one 
ampere  ;  but  the  current  produced  by  a  DahicH's  cell,  with  its  poles 
connected  by  a  wire  of  i  ohm  resistance,  would  be  less  than  an 
ampere,  because  the  internal  resistance  of  the  cell  itself — that  is,  the 
resistance  of  the  liquids  between  the  zinc  and  the  copper — must  be 
added  to  the  external  resistance  in  order  to  get  the  total  resistance, 
which  is  the  quantity  represented  by  R  in  Ohm's  Law. 

Measurement  of  Resistance. — To  find  the  resistance  of  a  con- 
ductor, wc  i'oin|»are  it  unth  known  resistances,  as  a  grocer  finds  the 


Fig.    180. — WiitAi 
sTONe's  Bripcb. 


I-K. 
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weight  *)f  a  packet  of  tea  by  comparing  it  with  known  weights.  The 
Whcatstonc  s  bridge  method  of  measuring  resistance  depends  on  the 
fact  that  if  four  resistances,  AB,  AD,  BC,  CD,  are  connected,  as  in 
Fig.  180,  with  each  other,  and  with  a  galvanometer  G  and  a 
battery  F,  no  current  will  flow  through  the  galvanometer  when 
AB  be 
AD^Cb' 

For  when  no  current  passes  through  tlic  galvanometer.  B  and  D 
are  at  the  &ime  fxttcntial.  Let  the  fall  of  potential  from  C  to  B  or 
from  C  to  D  be  «  ,■  then,  since  the  total  fall  of  potential  from  C  to  A 
must  be  the  same  along  either  of  the  paths  CBA  or  CDA,  the  fall 
from  B  to  A  must  be  equal  to  that  from  D  to  .\.  Call  this  ^.  Now, 
the  fall  of  potential  which  takes  place  in  any  Riven  ivirtinn  of  a 
circuit  is  to  the  whole  fall  of  |)otential  in  the  circuit  as  tnc  resistance 
of  the  given  portion  is  to  the  whole  resistance.     That  is, 

g  BC 

«+/i     BC+AB* 

&  AB  .    a^BC 

fl+/i~BC+AB  •  "  ^     AB* 

_.    .,    ,       I.      CD      .     BC     CD   ^^  AB     BC 

Similarly:  ^  =^d  =  "  AB  =AD'  ""  .VD"CD- 
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In  making  the  measurement,  a  resistance  box,  containing  a  lai 
number  of  coils  of  wre  of  different  resistances,  is  used  (Fig-  iS; 
riic  resistances  corresponding  to  AH  and  AD,  called  the  arms  of  tl 
bridge,  may  be  made  equal,  or  may  stand  to  caclx  other  in  a  ral 
of  I  :  lo,  1  :  loo,  etc.  Then,  the  unlcnown  resistance  bcmj;  CI 
BC  is  adjusted  bv  takincj  jiliigs  out  of  the  box  till,  on  closing  tl 
current,  there  is  cither  no  deflection,  or  the  deflection  is  as  small 
it  is  possible  to  make  it  with  the  given  arrangement. 

Galvanometer. — A  galvanometer  is  an  instrument  used  to  detect  i 
current,   to  determine  its  direction,  and  to  measure  its  intensil 
Since,  by  Ohm's  law.  electromotive  force,  resistance,  and  currei 
strength  arc  connected  together,  any  one  of  them  may  Ik*  measui 
by  the  galvanometer.     A  galvanometer  of  the  kind  ordinarily  us 
iii  physiology  consists  essentially  of  a  small  magnet  suspended  in  tl 
axis  of  a  coil  of  wire,  and  free  to  rotate  under  ttic  influence  of 
current  passing  through  the  coil.     The  most  sensitive  instrument 
pTsaess  a  araaU  mirror,  to  which  the  magnet  is  rigidly  attached. 


Fig.  tflz. — Scheme  OP  WiEDEMANN'sGAt.vA!«ouETER(uiTH  Telescope  Reaoin) 

T.  telescuptf ;  S.  scale  ;  M,  mirror  ;  m,  ring  magnet  suspended  twtwecu  the  ti 
galvanometer  coils  G,  the  distance  of  which  frum  wi  ran  be  varied  ;  F,  ft! 
suspending  mirror  and  uiagtiet. 


ray  of  light  is  allowed  to  fall  on  the  mirror,  from  which  it  is  reflects 
on  to  a   scale  ;   and  the   rotation   of   the   mirror  is  magnified   ai 
measured  by  the  excursion  of  the  spot  of  light  on  the  scale,     li 
the  Thomson  galvanometers  the  magnet  is  ver>*  light.     A  strip 
two  of   magnetized   watch-spring  does  very   well.     The   magnet 
'  damped  ' — that   is,  its   tenaency.  when   once  displaced,  to  go 
oscillating   about   its   new  position  of   equihbriuni  is  overcome 
enclosing  it  in  a  narrow  air  space.     In  the  Wiedemann  instrument 
the   magnet   is  heavier   (Fig.    i8.?).     It  swings  in   a  chamber   with 
copper  walls.     Every  movement  of  the  magnet  '  induces  '  currcul 
in  the  copper  ;  these  tend  to  oppose  the  movement,  and  so  '  damping^ 
is  obtained.     It  is  usual  to  read  the  deflections  of  the  Wicdei 
galvanometer  by  means  of  a  telescope.     An  inverted  scale  is  pla< 
over  the  telescope  at  a  distance  of,  say,  a  metre  from  the  mirror 
upright  image  of  the  scale  is  formed  in  the  telescope  after  reflecti^ 
from  the  mirror,  and  witJi  every  movement  of  the  latter  the  st 
divisions  appear  to  move  correspondingly.     The  method  of  rcadii 
by  a  telescope  can  be  applied  lo  any  mirror  galvanometer,  and 
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often  extrcmelv  convenient  in  physiological  work.  Sometimes  a 
small  scale  is  fastened  on  the  mirror  itself,  and  obscr\'ed  directly- 
through  a  low-power  microscope. 

A  suspended  magnet,  if  no  other  ma^ets  arc  near,  takes  up  a 
definite  ^xxiition  under  the  influence  of  the  earth's  magnetism  ;  its 
long  axis,  in  the  position  of  rest,  hcs  in  a  vertical  plane,  called  the 
plane  of  the  magnetic  mericlian  at  the  given  place.  The  '  marked  ' 
or  north  pole  points  north,  the  south  pole  south.  If  the  magnet  is 
disturbed  from  this  {>osition,  it  tends  to  return  to  it  as  soon  ;ls  the 
disturbing  force  ceases  to  act.  If,  for  instance,  the  north  \to\c  is 
displaced  in  an  eastward  direction,  the  earth's  magnetism  will 
produce  a  couple  (a  pair  of  parallel  forces  acting  in  opposite  direc- 
tions), one  member  of  which  may  be  considered  to  pull  the  north  pole 
towards  the  west,  and  the  other  to  pull  the  south  pole  towards  the 
cast.  Displacement  of  the  magnet,  then, 
is  opposed  b>'  this  couple  ;  and  where  the 
displacing  force  is  small— that  is,  the 
current  passing  through  t)ic  galvanometer 
wciik.  as  is  usually  the  ciise  in  physio- 
logical observations — it  becomes  imjwr- 
tant  to  reduce  the  effect  of  the  magaolbm 
of  the  earth,  in  other  words,  the  strength 
of  the  magnetic  field,  as  much  as  possible. 
This  can  be  done  by  bringing  a  magnet 
into  the  neighbourhood  of  the  galvano- 
meter with  its  north  pole  jxnnting  north. 
This  pole,  which  is  the  one  attracted  by 
the  earth's  north  pole,  is  magnetized  in 
the  opposite  sense  ;  and  by  properly  ad- 
justing its  distance  from  tne  galvano- 
meter magnet,  the  influence  of  the  earth 
on  the  latter  can  be  almost  neutralized, 
and  the  system  made  nearly  '  astatic' 
In  many  galvanometers  the  magnets 
attached  to  the  mirror  form  an  '  astatic  ' 
pair  (Fig.  183).  Two  small  magnets  of 
nearly  equal  strength  are  connected  to  a 
light  slip  of  horn  or  an  alumininm  wire, 
with  their  poles  in  opposite  directions. 
The  earth's  magnetism  alfects  them 
oppositely,  so  that  the  resultant  action  is 
nearly  zero.     It  is  not  possible  to  make 

the  niagnets  exactly  equal  m  strength,  nor  is  it  desirable,  for  then  the 
system  would  not  tend  to  come  to  rest  in  any  definite  position,  and 
the  zero  pcunt  would  be  constantly  shifting.  Either  one  or  both 
magnets  may  be  surrounded  by  the  galvanometer  coils.  If  lx>th  are 
so  surrounded,  each  must  be  within  .a  separate  coil,  and  the  current 
must  pass  in  opposite  directions  in  the  two  coils,  other>vise  they 
would  neutralize  each  other.  In  the  d'Arsonval  galv.anometer  tite 
current  passes  through  a  small  coil  (tf  fine  wire  susi)euded  in  the 
field  of  a  strong  magnet.  When  the  current  passes  the  roil  is 
deflected,  carrying  with  it  a  small  mirror  attached  lo  Ihr  susi»endinB 
filament.  A  great  advantage  of  this  galvanometer  in  many  ^ 
tions  is  that  it  is  unaffected  by  neighbouring  currents. 

I  The  deflection  of  a  magnet  by  a  current  of  : 

I        portioiial  to  the   numlKtr  of  turns  of  wire  ai 


Fig.    1H3. — Asiatic  Pair  of 
Magnets,  jj  j 

S,N  and  N,S  are  the  mag- 
nets, 6xed  to  the  vertical 
piece  P.  M  is  a  mirror. 
The  arrovr-heads  show  the 
direction  ol  a  current  which 
deflects  both  magnets  in  the 
same  directirMi. 
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increase  in  the  number  of  turns  does  not  sensibly  cut  down  t 
current,  as  in  experiments  on  tissues  like  nerves,  whose  resistance  is 

large  in  comparison  with   that  ol 
the  galvanometer,  an   instrume 
with  a  great  number  of   turns 
wire — that    is,    a    hifih-resistan 
galvanometer — is   suitable.       T 
resistance   of    the    galvanomet 
lienerally   used   in   clectro-physi 
lo^'>*   varies    from    ;i,ooo    or  4 
ohms  up  to  five  times  as  much. 

A  rheocord  is  an  instrument  b 
means  of  which  a  current  may 
(iivifJed,  and  a  definite  portion 
it  sent  through  a  tissue  (Fig.  184 

A  compensator  is  simply 
rheocord  from  which  a  branch 
a  current  is  led  off.  to  balance 


Fio.    184. — Diagram    of    Rubocord  j  Fig.  185.— Compensator. 

(AfTER  Dv  Bois-Keymosd's  Model). 

Description  of  Fig.  1H4  :  1.  to  VII.  arc  pieces  of  brass  ooimected  with  the  wi 
a  to  /  in  such  u  way  that  by  taking  out  any  of  the  brass  plugs  i  to  5,  a  greater 
less  rcsistantf  may  he  iiiterix>srd  bftwcfii   the  binding 'Screws  A  and  B. 
two  wires  a  are  connected  by  u  slider  s,  tjlled  with  mercury  or  otherwise  makin| 
contact  between  the  wires.     Tbe  current  from  the  battery  B'  divides  at  A  and 
part  of  it  passing  through  the  rhc;ocrird,  part  thriiugh  N.  the  nerve.  mii«rle, 
other  conductor  which  forms  the  altenialive  circuit.     When  a  sufficient  resUtan< 
R  is  interjK^sed  in  the  chief  nnuit  to  make  the  total  strength  of  the  curr* 
independent  of  clianges  in  the  resistance  of  the  rheocord,  the  strength  of  tl 
current  passing  through  N  will  vary  inversely  an  the  resistance  of  the  rheo).'urc 
When  all  the  plugs  arc  in,  and  the  slider  close  up  to  A,  there  is  practically 
k'esistance  in  the  rheocord.  and  all  the  current  passes  across  the  brass  pieces 
plugs  to  B,  and  thence  back  to  the  battery.     As  s  is  moved  farther  away  from 
the  resistance  uf  the  rheocord  is  increased  more  and  more,  and  the  intensity  ol 
the  current  passing  through  N  becomes  greater  and  greater.     The  scale  S  sho^ 
the  length  of  wire  interposed  for  any  position  of  s,  and  this  gives  a  rough  meosi 
of  tbe  fraction  of  the  current  passing  through  N.     When  plug  1  or  2  is  taken  uu| 
a  resistance  equal  to  that  of  the  two  wires  a  is  interposed  :  plug  3.  twice  that  of «, 
plug  4,  five  times  ;  plug  5,  ten  times. 

|)t^criptian  of  Fig.  iSs  :  W  is  a  wire  stretched  alongside  a  scale  S.  A  battecyi 
B  is  connected  to  tbe  binding  screws  at  tbe  ends  of  the  >vire.  A  pair  of  uajx>larif- 
ablc  electrodes  are  connected,  one  with  a  sUder  moving  on  a  wire,  the  other  through 
a  galvanometer  with  one  of  tbe  terminal  binding-screws.  In  the  figure  a  n< 
is  shown  on  the  electrodes,  one  of  which  is  in  contact  with  an  uninjured  iK)rtji 
the  other  with  an  injured  part.  The  iilider  is  moved  until  the  twig  of  the  c* 
pensating  current  just  balances  the  demarcation  current  of  the  nerve  and 
galvanometer  shows  no  deflection. 
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'  compensate  '  any  electrical  difierence  in  a  tissue,  like  that  which 
gives  rise  to  the  current  of  rest  of  a  muscle,  for  example  (Fig.  185). 

An  electrometer  is  an  instrument  for  measuring  electromotive 
force — th^t  is,  differences  of  electric  potential.  I.ippmann's  capillary 
electrometer  is  being  more 
and  more  employed  in 
physiology.  A  convenient 
form  of  it  is  shown  in  Fig. 
1K6.  A  simple  form,  suit- 
able for  students  working 
in  a  class  where  a  consider- 
able number  of  copies  of 
the  instrument  is  needed, 
can  be  conveniently  made 
as  follows :  A  glass  tube  is 
drawn  out  to  a  capillar>- 
at  one  end  and  filled  with 
mercuiy.  The  tube  is  in- 
serted into  a  small  glass 
bottle,*  and  fastened  in  its 
neck  by  a  cork  or  a  plii^- 
of  sealing-wax  which  dncs 
not  quite  fill  the  ojxining, 
so  that  the  interior  of  the 
bottle  is  still  in  communica- 
tion with  the  external  air. 
The  upiKr  end  of  the  tube 
is  connected  by  a  short 
piece  of  rubber-tubing  with 
a  glass  T-tube  as  in  Fig. 
187.  The  bottle  is  partially 
filled  with  5  to  10  per  cent, 
sulphuric  acid,  under  which 
the  capillar^'  dips.  By 
means  of  a  sm^iU  reservoir 
made  from  .1  piece  of  glass- 
tubing  filled  with  mercvu^', 
and  connected  with  the  stem 
of  the  T-  tube,  a  little 
mercury  is  forced  through 
the  capillan,'  so  as  to  expel 
the  air  in  it.  When  the 
pressure   is  lowered  again. 

sulphuric  acid  is  drawn  up.  ^i^„^  ^j,^  frktioo-key  shown  at  the  right 
and  now  lies  in  the  capiUary  sjdc  of  the  hgurc.  thus  preventing  any  differ, 
in  contact  with  the  meniscus  ence  of  clcctromutivc  hirce  brtwwn  two 
of  the  mercury.  A  platinum  point*  connrrtfd  with  the  Mrrwt  (rom  affect- 
wirc  fused  through  the  tube,     ing  the  clectrDmetcr. 

*  A  parallel-sided  bottle  is  best,  as  it  gives  the  clearest  image  of  the 
meniscus.  But  it  is  easiest  to  make  a  cylindrical  bottle  Iroiu  a  piece  ol 
wide  glass-tubing,  and  to  insert  a  platinum  wire  into  tt  Iwlore  closing  it 
at  the  Ijottom  in  the  blow-pi|K:  name.  The  tube  can  then  be  firmly 
fAStencd  with  se;Uing-wax  in  a  ijcnressinn  in  a  piece  of  wood,  the  f*— 
being  brought  out  th^oll^h  a  hole  m  the  wood.  Once  the  instn* 
arranged,  there  is  httU-  cliancc  of  the  capillary  getting  broke** 
lb  very  little  evaporation  ol  the  acid. 


Fig.  186.— Capillarv  HLecTKoueriR  (aftkr 
Prey),  as  arranchd  poh  mountinc  oh 
THE  Microscope  Stage. 

The  rlcctrumeter  consists  (i)  of  a  small 
table  rarrving  a  parallel-sided  glass  vessel 
containing  mercury  and  sulphuric  acid. 
{2)  The  capillary  tube,  which  can  be  moved 
in  two  directions  at  right  ingles  to  each 
other,  and  so  adjusted  in  the  field  of  the 
microscope.  (3)  A  pressure  •vessel,  and  a 
luanoinetcr  connected  with  it  for  measuring 
the  pri*«urc.  (4)  Two  binding-screws  con- 
nected by  wires  to  the  mercury  in  the  capillary 
titl>e  and  iii  the  paralle]-«fdrd  vessel.  The 
binding -screws    can    be    idiort-circuitcd    by 
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or  simply  inserted  through  its  upper  end,  dips  into  the  nncTctii 
Another,    passing    through    the    cork,    or,    better,    fused    througl 
the*  bottom   of    the  bnttlc,  makes  contact  with  the  sulphuric  aci< 
through    some    mercury.      The    bottle    is    fastened    on   the    sta( 
of    a    microscope,    the    capillary    brought    into     focu3»     and     tl 
meniscus  adjusted  by  raising  or  lowering  the  reservoir.     When  th 
platinum  wires  are  connected  with  points  at  different  potential, 
current  begins  to  pass  through  the  instrument,  and  the  meniscus  oV 
the  mercury  in  the  capillary  tube,  where  the  current  density  is  the 
greatest,  becomes  polarized  by  the  ions  separated  from  the  sulphuric. 


B,  bottle  containing  sulphuric  add 
Wjp,  mercury  ;    E,   E'.   platinum  wi: 
/•-  dii>s  into  the  mercury  in  the  vnrtic 
Lube,    and    h'    is     fused     thrc>U)|(li     I 
tK>tton)  ()1  /?,  so  AS  to  make  contact  wi 
the  mercury  iu  fl,  the  other  end  of 
passing  out  through  a  suiall  bole  in  t 
wooden  platform  F,  on  which  ti  res 
F  is  fastened  to  the  stage  of  the  micro 
srope.  5,  by  a  pin.  G,  passiuK  Ihrougfr^ 
one  of  the  cUp-hules,  and  to  the  wood 
upright. /',  by  the  pin,  W.     Ofitstigh  1; 
over  the  microscoiw  stage,  but  can 
moved  laterally  a  little  so  as  to  brii 
the  capillary  into  the  middle  of  the  field*' 
/.  stem  of  glass  T.tubc  passing  throui 
a  hole  in  D.     / ,  rubber  tube  conneclt: 
the   capillary    poiut    with    the    ^ttUcjI 
portion  of  the  T-tube.     ^  is  a  reservoir 
containing  mercury  connected   by   the 
rubber  tube  .V  to  /.     A  can  be  raised  or 
lowered  by  sliding  it    in  the  clips  K. 
In  the  figure  the  capillary  tube  appears 
as  if  the  mercury  extended  to  the  very 
(K>int  of    it.     Thi&    should    not  l>c  tbv 
case  ;  the  sulphuric  acid  should  nse  i 
some  distance  in  the  capillary,  s<j  th 
the    mercury   shows    a    fiaely-bounded 
meniscus  in  the  tube  as  is  represented 
in  ('.the  magnified  image  of  the  cap 
as  seen  with  the  microscc^K. 


Fig. 


187. — A  Simple  Capillarv 
Elbctrouetsr. 
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acid  at  the  stirface  of  contact  between  the  acid  and  the  mercury,  so 
that  the  meniscus  is  no  longer  iu  equiUbrium  in  the  tul>e.  The 
surface  tension  is  diminished  when  the  direction  of  the  current  is 
from  mercury  to  acid  (mercui^  at  a  higher  j>otential  than  acid),  and 
is  no  longer  able  to  counterbalance  the  hydrostatic  pressure  of  the 
mercury.  The  meniscus  therefore  moves  dow*n  in  the  tube.  With 
the  opposite  direction  of  current  (mercury  at  a  lower  potential  than 
acid)  the  surface  tension  is  increased,  and  the  meniscus  moves  up.. 
The  polarization  develops  itself  almost  instantaneously,  and  thus 
electromotive  force  is  at  once  established  in  the  opposite  directi( 
to  that  between  the  points  connected  with  the  electrometer,  ai 
ec^ual  to  it  so  long  as  tlie  external  electromotive  force  is  uot  suf 
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ciently  great  to  cause  continuous  electrolysis  o£  the  acid — that  is,  so 
long  as  it  is  below  about  2  volts.  The  external  current  is  therefore 
at  once  compensated,  and  after  the  first  moment  no  current  passes 
through  the  instrument,  which  is  accordingly  not  u  measurer  of 
current,  but  of  electromotive  force.  It  is  ven,'  suit^'ibie  for  detecting 
and  measuring  such  small  differences  of  potential  as  occur  in  animal 
tissues. 

Induced  Currents.  — Wlicn  a  coil  of  wire  in  which  a  current  is 
floiAing  is  brought  up  suddenly  tu  another  coil,  a  momentary'  current 
is  develo|x;d  in  the  stationan,-  coil  in  the  opposite  direction  to  that 
in  the  moving  coil.  Similariy,  if  instead  of  one  of  the  coils  being 
moved  a  current  is  sent  through  it.  wliile  the  other  coil  remains  at 
rest  in  its  neighbourhood,  a  transient  oppositely-directed  current  is 
set  up  in  the  latter.  When  the  current  in  the  first  coil  is  broken,  a 
current  in  the  siinie  directitm  is  induced  in  the  other  coil. 

Du  Bois-Reymond's  Sledge  Inductorium  (Fig.  188).— This  consists 


Pic.  188. — Du  Bois>Ueymono's  luvvcjomivu. 

B,  primary,  B',  secondary,  coil  ;  H.  guides  in  which  B'  »lnlrs.  with  «ral«  ; 
D,  clectru-magnel  t  E.  vibrating  spring  :  1,  wire  connecting  wire  ol  1>  to  end  ol 
primary  :  v.  screw  with  pUtiniim  ptiint.  conaected  with  other  end  of  primary 
A.  A',  binding -screws,  to  which  arc  attached  the  wires  from  battery.  A'  is 
C4tnnectrd  uith  the  wire  ol  the  electromagnet  D,  and  through  it  and  «  with  the 
primary. 


of  two  coUs.  the  primary  and  the  secondarvt  the  former  having  a 
comparatively  small  number  of  turns  of  fairly  thick  copper  wire, 
the  latter  a  large  number  of  turns  of  thin  wire.  The  object  of 
this  is  that  the  resistance  of  the  primary,  which  is  connected  vfiih 
one  or  more  voltaic  cells,  may  not  cut  down  the  current  tixi  much  ; 
while  the  currents  induced  in  the  secondary,  having  a  high  electro- 
motive force,  can  reudily  pass  through  a  high  resistance,  and  arc 
directly  proportion.il  in  intensity  to  the  number  of  turns  of  the 
wire. 

By   means  of  vurious   binding-screws  and   the  f^lectrn- magnetic 
interrupter,  nr  Ncef's  h;immcr.  shown  in  the  figure  ;ind  oxpl 
below  It.  the  current  can  Inr  made  nncc  in  the  priniiiry  or  ore 
once,  or  a  constant  alternation  of  make  and  break  Can  b^ 
Wc  can  thus  get  a.  siiigle  make  or  break  shuck  in  the  mcc* 
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series  of  shocks,  sometimes  called  an  interrupted  current.     Such 
irics  of  stimuli  can  also  be  got  by  making  and  breaking  a  voltaic 

irrent  at  any  given  rate. 

A  '  self-induced  '  current  can  also  be  obtained  from  a  single  cuil  ;^H 
for  instLincc,  from  the  primary  coil  alone  of  the  induction  apparaius^^| 
The  reason  of  this  is,  that  when  a  current  begins  to  flow  through  any^^ 
turn  of  a  coil  of  wire,  it  induces  in  all  the  other  turns  a  current  in 
the  opposite  direction,  and.  when  it  ceases  to  How.  a  current  in  tU 
same  direction  as  itself.  The  former  current,  '  the  make  extra  shock, 
being  in  the  opjxisite  direction  to  the  inducing  current,  is  retarded 
its  doveIf»pmc'nt,  and  reaches  its  maximum  more  slowly  than  •  tin 
break  extra  shock.'  Hut,  as  wc  shall  see,  the  suddenness  with  which 
an  electrical  clumge  is  brought  about  is  one  of  the  most  imixirtant 
factors  in  electrical  sLirimlatiou,  uud  therefore  the  break  extm  shock 
is  a  much  more  pnwrrful  stimulus  tlian  the  make.  Owing  to  thi 
self-induced  currents,  the  stimulating  power  of  a  voltaic  stream  ma 
be  much  increased  by  putting  into  the  circuit  a  coil  of  wire  of  a- 
too  great  resistance. 

The   self-induction   of   the   primary   also  affects   the   stimulating 
power  of  the  ciirrents  induced  in  the  secondary* ;  the  shock  induced 
in  the  secondary'  by  break  of  the  primary  current   is  a  stron 
stimulus  than  that  caused  at  make  of  tlie  primarj'.     The  reason 
that  with  a  given  distance  of  primary  and  secondarv.  and  a  give 
intensity  of  the  voltaic  current  in  the  primary,  the  abruptness  wit 
which  the  induced  current  in  the  secondary  is  developed  depen 
u\wn  the  rapidity  with  wliich  the  primary'  current  reaches  its  maxi 
mum  at  closing,  or  Us  minimum  (zero)  at  opening.     Now,  the  nu- 
extra  current  retards  the  development  of  the  primary*  current,  whi 
in  the  opened  circuit  of  the  primary  coil  the  current  intensity  falls 
at  once  to  zero. 

The   inequality   between   the   make   and   break   shocks   of   the 
secondary'  coil  can  be  greatly  reduced  by  means  of  Hclmholt/s  wire*' 
Connect  one  pole  of  the  battcr\'  with  v  (Fig.   i88),  and  the  other 
with  A'.     Join  A  and  A'  by  a  short,  tliick  wire.     With  tliis  arrange- 
ment the  primary  circuit  is  never  opened,  but  the  current  is  alter- 
nately  allowed  to  flow  tlu"ough   the  primary,   and   short-circuited 
when  the  spring  touches  v.     The  '  make  '  now  corresponds  to  the 
sudden  increase  of  intensity  of  the  current  in  the  primary  when  tl 
short-circuit  is  removed,  and  the   '  break  '  to  its  sudden  decrca 
when   the  short-circuit  is  established.     In  both  cases  sclf-induc 
currents  arc  developed,  and  therefore  both  shocks  are  weakenc 
But  the  opening  stimulus  is  now  slightly   the  weaker  of  the  two, 
because   the   oi>ening  extra  shock   lias   to   pass  through   a   smaller 
resistance  (the  short-circuit)  than  the  closing  extra  shock   {whic* 
passes  by  the  battery'),  and  therefore  opposes  the  decline  of  currm 
mtensit\'  on  short-circuiting   more  than   the  closing  sh<x:k  opposes 
the  increase  of  current  intensity  on  long-circuiting   through  the 
primary. 

By  means  of  wires  connected  with  the  terminals  of  the  seconda: 
coil,  and  leading  to  electrodes,  a  nerve  or  muscle  may  be  stimulated 
and  it  is  usual  to  connect  the  wires  to  a  short-circuiting  key  (Fi^ 
K>i ),  by  opening  which  the  induced  current  is  thrown  into  the  tissu 
to  be  stimulated.     For  some  purposes  the  electrodes  may  be 
platinum  ;  but   all  metals   in  contact   with  moist  tissues  becom 
polarized  when  currents  pass  through  them—  that  is.  liave  decom- 
po6itiou  products  of  the  clectTulysis  of  tlie  tissues  deposited  on  them. 
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And  as  any  slight  chemical  difference,  or  even  perhaps  a  difference 
of  physical  state,  between  the  two  electrodes  will  cause  them  and  the 
tissues  to  form  a  battery  evolving  a  continuous  current,  it  is  often 
desirable  to  xisc  an  polar  habie  eUcirodes, 

Unpolarizable  Electrodes. — ^Some  convenient  forms  of  these  are 
represented  in  Fig.  1K9.  A  piece  of  amalgamated  zinc  wire  dips  into 
saturated  zinc  sulphate  solution  contained  in  the  upper  part  of  a 
glass  tube.     The  lower  end  of  the  tube  m^y  be  straight,  but  drawn 

out  so  as  to  terminate      

in  a  not  very  large 
opening,  or  it  may  be 
bent  into  a  hook,  in 
the  bend  of  which  a 
hole  is  made.  Before 
the  tube  is  filled  with 
the  zinc  sulphate  solu- 
tion, the  lower  part 
of  it  is  plugged  with 
china  cl»y  made  up 
with  physioloeicil  s.^.lt 
solution.  The  clay  just 
projects  through  the 
opening,  and  thus 
comes  in  contact  with 
the  tissue.  When  these 

•lectrodes  arc  properly  set  up,  there  is  very  little  poUrlzition  for 
sral  hours,  but  for  long  experiments,  U-shajx-d  tubes,  filled 
,'!lp|th  saturated  zinc  sulphate  solution,  are  better.  The  amalga- 
mated zinc  dips  into  one  limb,  and  a  small  glass  tube  filled  with  clay, 
on  which  tlic  tissue  is  laid,  into  the  other. 

Pohl's  Commutator  (Fig.  ic^o)  consists  of  a  block  of  paraffin  or 
wood  with  six  mercury'  cups,  each  in  connection  with  a  binding-screw 
(not  shown  in  the  figure).  Cups  i  and  6  and  2  and  5  are  connected 
by  copj>er  wires,  which  cross  each  other 
w'ithout  touching.  The  bridge  consists 
of  a  glass  or  vulcanite  cross-piece  a,  to 
wluch  are  attached  two  wires  bent 
into  semicircles,  each  connecte<l  with  a 
straight  wire  dipping  into  the  cups    ; 


FlO.     18;. — U^P0LARI£A8LE    EtECTltODKS. 

A.  hook-shapfHl ;  B.  U-tubes  :  C.  straight.  D,  day 
in  roDtart  with  tissue;  S,  saturated  zinc  sulphate 
solution  :  Z,  anuUgamated  zinc  wire. 


amp] 
ivclv. 
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and  4  respectively.     With  the  bridge  in 

the    position    showTi    in    the    figure,   a 

current  coming  in  at  4  would  pass  out 

by  the  wire  connected  with  1,  and  back 

again  by  that  connected  with  2,  m  the 

direction  shown  by  the  arrows.     N\'>»en 

the  bridge   is  rocked  to  the  other  side 

so  that  the  bent  wires  dip  into  5  and  f>. 

the  direction  of   the  current  is  reversed.     The  cross-wires  may  be 

taken  out  altogether,  and  the  commutator  used  to  send  a  current 

at  will  through  either  of  two  circuits,  one  connected  with  1  and  2. 

and  the  other  with  5  and  6. 

Du    Bois-Reymorid's   Short-circuiting   Key. — A   cheap   and   con- 
venient form  IS  shown  in  Fig.  101. 

Time-markers— Electric  Signal.— It  is  of  importance  to  ^ 
time  relations  of  many  ph>-siological  phenomena  which 
callv  recorded  ;  for  example,  the  contraction  of  u  al 
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the  beat  oi  a  heart.     For  this  purpose  a  tracing  showing  the 
of  the  travelling  surface  in  a  given  time  is  often  taken  simultaneoiii 
with  the  record  of  the  movement  under  inveatij^ation.      For  a  slowh 
moving  surface  it  is  sufficient  to  mark  intervals  of  one  or  two  sccon< 
and   this  is  very  readily  done  by  connecting  an  electro-magnetic 
marker  (such  as  the  electric  siirnal  of  Dcprcz)  with  a  circuit  which  is 


Fig.    191. — Di;   Bois-Revmonds 
Kkv. 


Fit..    i"i:. — TiMt-MAUkCR. 

ArriingemeDt  (or  marking  2 
interviils.       I),    sncuiids     |>et]dul( 
with  platinum  point  E  solderrd 
A,   inta-cury   truugh.    into   which 
diiw  at  end  of  its  suritig  ;  B.  Dani 
cell  ;     C.     elpctro- magnets      wbi 
draw    down    wriling-Iever    F    whi 
Ihf  currrnt  is  rlowd  by  E  dippii 
iiito  A  ;  <i.  spring  (or  pjecr  of  indil 
rubber),  which  raises  F  as  90041 
current  is  broken. 
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closed  and  broken  by  the  seconds  pendulum  of  an  ordinary  clock 
(Fig.  192)  or  a  metronome  (Fig.  66,  p.  150).     For  shorter  interv 
a  tuning-fork  is  used,  which  makes  and  breaks  a  circuit  including 
electromagnetic  marker,  or  writes  on  the  drum  directly  by  means 
a  writing-jwint  attached  to  one  of  the  prongs. 

In  all  the  great  functions  of  the  body  muscular  moveraen 
play   an   essential   part.     The   circulation   and   the   respiration, 
tlie  two  functions  most  immediately  essential  to  life,  are  kept 
up  by  the  contraction  and  relaxation  of  nitisclcs.     The  move- 
ments of  the  digestive  canal,  the  regulation  of  the  blood-supply^^ 
tu  ibi  glands  and  to  all  jiarts  of  the  body,  and  tlial  itimiense  cla^^| 
of  movements  which  we  call  volimtary,  are  all  dependent  upon^^ 
muscular  action,   which,   again,   is   indebted   for   its   initiation, 
continuance,  or  control,   to  impulses  passing  along  the  n€r\' 
from   the   nerve-centres.     Hitherto   we   have   not   gone   helo 
the  surface  fact,  that  muscular  fibres  have  the  power  of  con- 
tracting, either  automatically,  or  in  response  to  suitable  stimuli 
In  this  chapter  and  the  two  next  we  shall  consider  in  det 
the  general  properties  of  muscle.  ner\*e.  and  the  other  excitably 
tissues. 
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Lying  deeper  than  the  peculiarities  of  individual  muscles, 
muscular  tissue  has  certain  common  properties — physicAl, 
chemical,  and  physiological.  The  bice[»s  nuiscle  flexes  the  arm 
upon  the  elbow,  and  the  triceps  extends  it.  The  external  rectus 
rotates  the  eyeball  outwards.  The  intercostal  muscles  elevate 
the  ribs.  The  sphimter  ani  seals  uj)  by  a  ring-like  contrac- 
tion the  lower  end  of  tin*  alimentary  canal.  These  actions  arc 
very  different,  but  the  muscles  that  carry  them  otit  are  at  bottom 
very  similar.  And  it  cannot  l>e  doubted  that  the  ftmctional 
differences  are  due  entirely,  or  almost  entirely,  to  differences 
of  anatomical  connection,  on  the  one  hand  with  hones  and 
tendons,  on  the  other  with  the  nerve-cells  of  the  spinal  curd  and 
brain.  The  con^mon  properties  in  which  all  the  skeletal  muscles 
agree  arc  the  subject-matter  of  the  general  physiology  of  striated 
mtisclo. 

The  cardiac  muscle  differs  more,  Iwth  in  structure  and  in 
function,  from  the  skeletal  muscles  than  these  do  among  them- 
selves ;  the  smooth  muscle  of  the  intestines  and  bloodvessels 
still  more.  But  every'  muscular  fibre,  stri|)cd  or  unstri|>ed, 
resembles  every  other  muscular  fibre  mt>re  than  it  does  a  nerve- 
fibre  or  a  gland-cell  or  an  epithelial  scale.  The  properties 
common  to  all  muscle  make  up  the  general  physiology  of  mus- 
cular tissue. 

A  nerve-fibrc  is  at  first  sight  very  different  from  a  muscular 
fibre.  It  has  diverged  more  widely  from  the  primitive  type 
of  undifferentiated  protoplasm.  It  has  lost  the  jxjwer  of  con- 
traction, or  QQntraciility,  but  it  retains,  in  common  with  the 
mascle-ftbre,  susceptibility  to  stimulation,  or  excitability,  the 
capacity  for  growth,  and  to  a  limited  extent  the  capacity  (or 
reproduction.  This  inheritance  of  primitive  properties,  retained 
alike  by  both  tissues,  is  the  basis  of  the  general  physiology  of 
muscle  and  nerve. 

The  electrical  organ  of  the  Torpedo  or  the  Malapterurus  is 
intermediate  in  some  respects  between  muscle  and  ner\'e,  and 
has  pro[>erties  conunon  to  lx>th.  In  the  gland-cell  the  chemical 
powers  of  native  protoplasm  have  been  specialijied  and  de- 
veloped. Contractility  has  been,  in  general,  entirely  lost ; 
but  excitability  remains.  The  idea  that  certain  common 
endowments  find  expression  in  the  action  of  muscle,  nerve, 
electrical  organ,  gland,  etc.,  in  the  midst  of  all  their  apparent 
differences,  is  the  basis  of  the  general  physiology'  of  the  excitable 
tissues. 

Amceboid  movement  is  the  most  primitive,  the  least  elabo- 
rated form  of  contraction.     An  amceba   may  l>e  seen   und<»' 
the  microscope  to  send  out  pseudopodia,  or  processes,  o 
substance,  and  to  retract  them,  and  it  is  able  by  such  mov« 
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to  change  its  place  and  to  take  in  and  expel  food  and  foreign 
bodies.  The  maximum  velocity  of  the  amceboid  movement  has 
l>ecn  reckoned  at  0008  millimetre  a  second.  Stimulation  "with 
the  constant  current  or  induction  shocks  causes  the  whole  of  the 
processes  to  be  drawn  in,  and  the  amoeba  to  gather  itself  into  a 
ball.  This  illustrates  a  universal  property  of  protoplasm, 
excitability,  or  the  power  of  responding  to  certain  influences, 
or  stimuli,  by  mfini testations  of  the  peculiar  kind  which  we 
distinguish  as  vital  or  physiological.  Many  other  unicellular 
organisms  and  the  chief  varieties  of  the  white  blood -corpuscles 
b-'havc  like  the  amoeba  ;  and  we  have  already  dwelt  upon  some 
of  the  important  functions  fulfilled  by  such  amoeboid  move- 
ment in  the  higher  animals  and  in  man.  But  a  great  distinction 
between  this  kind  of  contraction  and  that  of  a  muscular  fibre 
is  that  it  takes  place  in  any  direction. 

Cilia. — Cilia  possess  a  higher  and  more  specialized  grade  of 
contractility.  They  are  very  widely  distributed  in  the  animal 
kingdom  ;  and  analogous  structures  are  also  found  in  many 
low  plants,  such  as  the  motile  bacteria. 

In  the  human  subject  ciliated  epithelium  usually  consists  of 
several  layers  of  cells,  the  most  suj^rficial  of  which  are  pear- 
sha|)ed,  llie  t)road  end  being  next  the  surface,  and  covered  with 
extremely  fine  processes,  or  cilia,  about  8  /i  in  length,  which  are 
planted  on  a  clear  band.  It  lines  the  respiratory  passages,  the 
middle  ear  and  Eustachian  tube,  the  Fallopian  tubes,  the  uterus 
above  the  middle  of  the  cervix,  the  epididymis,  where  the  cilia 
are  extremely  Jong,  and  the  central  cavity  of  the  brain  and 
spinal  cord. 

Ciliary  motion  can  be  readily  studied  by  placing  a  scraping 
from  the  palate  of  a  frog,  or  a  small  portion  of  the  gill  of  a  fresh- 
water mussel  under  the  microscoi>e  in  a  drop  of  physiological  salt 
solution.  The  motion  of  the  cilia  is  at  first  so  rapid  that  it  is 
impossible  to  make  out  much,  except  that  a  stream  of  liquid, 
recognised  by  the  solid  particles  in  it,  is  seen  to  be  driven  by 
them  in  a  constant  direction  along  the  ciliated  edge.  When  the 
motion  has  become  less  quick,  which  it  soon  does  if  the  tissue  is 
deprived  of  oxygen,  it  is  seen  to  consist  in  a  swift  bending  of 
the  cilia  in  the  direction  of  the  stream,  followed  by  a  slower 
recoil  to  the  original  i>osition,  which  is  not  at  right  angles  to 
the  surface,  but  sloping  streamwards.  All  the  cilia  on  a  tract 
of  cells  do  not  move  at  the  same  time  ;  the  motion  spreads  from 
cell  to  cell  in  a  regular  wave.  The  energy  of  cihary  motion 
may  be  considerable,  although  far  inferior  to  that  of  muscular 
contraction.  The  work  which  cilia  are  capable  of  }>erforming 
can  be  calculated  by  removing  the  membrane,  fixing  it  on  a 
plate  of  glass,  cilia  outwards,  putting  weights  on  the  glass  plate, 
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and  allowing  the  cilia,  tike  an  immense  number  of  feet,  to  carry 
it  up  an  inclined  plane.  Bowditch  found  in  this  way  that  the 
cilia  on  a  square  centimetre  of  mucous  membrane  did  nearly 

17  granime-millimetres  of  work  [>er  minute  (equal  to  the  raising 
of  7  grammes  to  a  hei^lit  of  a  millimetre). 
Since  the  ciha  in  the  res[jiiato[y  tract  all  lash  upwards,  they 


Fig.  T93.— Cvuatxs  Cxll 
(M.  Kbidbmhain). 

Prom  a  *  liver  duct  *  of 
tlw  garden  snail  k  2.300. 


FlC.    194 ClI.lATBD    CbLL 

(SCHNBIDBK). 

Prom  a  flalworm  (Planncfifa 
hltum).  I,  space  l>ctwMn  two  ad- 
joining ciliated  rells ;  z,  basal  bodies ; 
4.  inner  granule  ;  5,  "  cilia  roots '  ; 
6»  boundary  layer. 


must  play  an  important  part  in  carrying  up  foreign  particles 
taken  in  with  the  air,  and  the  mucus  in  which  they  are  entangled, 
as  well  as  pathological  products.     Engelmann  found  that  the 
energy  of  ciliary  motion  increases  as  the  temperature  is 
up  to  about  40^  C,  after  which  it  dimmishes  quickly-     ' 
heating  causes  cilia  to  come  to  rest,  but  if  tlie  temperatui 
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not  been  too  high,  and  has  not  acted  too  long,  they  recover 
cooling. 

It  is  not  well  understood  in   what   way    the  contraction 
tlie  cilia  depends  U|X)n  their  connection  with  tlie  Ixxly  of  tlie 
ciliated   cell.     Very   few   cases  occur   in   which   cilia   have    the 
power  of  independent  motion  when  severed  from  the  cell-body. 
It  has  been  observed  in  certain  low  forms  of  animals  that  cilia 
which  have  been  broken  off  from  the  cell  are  still  able  to  con- 
tract when  a  small  portion  of  the  substance  of  the  cell-body 
at  the  point  where  the  cilium  is  attached  to  the  cell,  the  so-call 
basal  piece,  or  basal  body  (Fig.  194),  has  come  off  along  with  them 
In  other   forms  isolated  cilia   can  contract  in   the  absence 
anything  corresponding  to  the  basal  piece.     It  cannot,   there- 
fore, be  said  that  continuity  with  the  basal  piece  is  a1>solutely 
necessary.     Nor  is  it  known  what  significance  for  the  ciliary 
movements  is  possessed  by  the  long  fibrillffi,  called  the  *  roots  of 
the  cilia/  which  in  some  animals  run  down   through  the   cell 
from  the  basal  bodies  (Figs.  193,  104).     The  theory  has  been  put 
forward  by  Schafer  that  the  cilia  are  hollow  processes  of  tl: 
celMx>dy,  and  that  their  contraction  is  caused  by  the  passagi 
of   liquid    into    them    from    the    cell.      He    believes    that    th 
direction   of  movement   is   determined  by  the  investing   mem 
brane  of   the    cilium  being  thickened  (or  less  extensible)  alongi 
one   side  or  in  a  spiral   line.     In   some  worms  and   molluscs 
ciliated  cells  are  supplied   with  nerve-fibres,   but   this  has  not 
been  demonstrated  for  the  higher  animals. 

Muscle. — Since  most  of  our  knowledge  of  the  general  physi 
logy  of   muscle  has  been  gained   from  striped  muscle,  in  wha 
follows  we  always  refer  to  ordinary  skeletal  muscle,  uidess 
is  otherwise  stated.     The  sartorius  and  the  gastrocnemius  are 
the  classical  objects  for  experiments  on  striated  muscle.     Foi 
smooth  muscle  the  adductor  muscle  of  Anodon,  the  fresh-wat 
mussel,  a  ring  cut  from  the  middle  j>ortion  of  the  frog's  stomach, 
the  rabbit's  ureter,  and  the  cat's  bladder,  have  been  most  used 

Physical  Properties  of  Muscle — Elasticity. — All  bodies  ma^ 
have  their  shape  or  volume  altered  by  the  application  of  force. 
Some  require  a  large  lorce,  others  a  small  force,  to  produce  a 
sensible  amount  of  distortion.     The  elasticity  of  a  body  is  the 
property  in  virtue  of  which  it  tends  to  recover  its  original  for 
or  bulk  when  these  have  been  altered.     Liquids  and  gases  ha 
only  elasticity  of  volume  ;  solids  have  also  elasticity  of  fo; 
Most  solids  recover  perfectly,  or  almost  perfectly,  from  a 
deformation.     The  limits  of  distortion  within  which  this  oc 
are  called  the  limits  of  elasticity,   and   they  vary  greatly   f 
cUfferent   substances.     Living  muscle   has   vcr>'  wide   limits 
•ilasticity  :  it  may  be  deformed — stretched,  for  example — to 
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very  considerable  extent,  and  yet  recover  its  original  length 
when  the  stretching  force  ceases  to  act. 

The  extensibility  t)f  .i  \xxXy  i.i  measured  by  the  ratio  of  the  increase 
of  length,  produced  by  unit  stretching  force  per  unit  of  area  of  the 
cross-section,  to  the  original  length  of  a  uniform  rod  of  the  substance. 


If  c  is  the  cxtcnsibiUty 


I.F* 


where  /  is  the  increase  of  length. 


L  the  original  length,  s  the  cross-section,  ;ind  F  the  stretching  force. 
Suppose  we  wish  to  compiarc  the  extensibiUty  of  two  substances. 
Let  A  and  B  be  strips  or  rods  of  the  substances,  the  length  of  A 
being  500  mm.,  tliat  of  B  i.ooo  mm,  ;  the  cross-section  of  A,  100 
sq.  mm.,  of  B,  200  sq,  mm.  Let  the  elongation  produced  by  a 
weight  of  I  kilo  be  10  mm.  in  each,  then  the  extensibiUty  of  A  is 


lox  100 


2  ;  and  that  of  B  is 


lox  200 


2  ;  that  is.  the  substances 


500 X  I  i.cxx>x 

are  equally  extensible.  Young's  modulus  of  elasticity,  or  the  co- 
efficient of  elasticity  is  the  quotient  of  the  deforming  force  acting  on 
unit  area  of  the  given  body  by  the  deformation  produced  (within  the 

limits  of  elasticity).     In  the  above  example  it  is     -f-.-,  that  is,    i 

the  reciprocal  of  the  cxtensibilit)*  c.  For  steel  the  coefficient  of 
elasticity  is  very  Urge,  for  muscle  smalL  Or,  as  we  miiy  otherwise 
express  it,  living  muscle  witliin  its 
limits  of  elasticity  is  very  extensible  : 
a  small  force  per  unit  area  of  cross- 
section  of  a  prism  of  it  will  produce 
a  comparatively  great  elongation. 
The  extensibility,  however,  diminishes 
continually  with  the  elongation,  so 
that  equal  increments  of  stretching 
force  produce  always  less  and  less 
extension.  If,  for  instance,  the  sir- 
torius  or  semi-membranosus  of  a  frog 
be  connected  with  a  lever  wTiting  on 
a  blackened  surface,  and  weights  in- 
creasing by  equal  amounts  be  succes- 
sively attached  to  it,  the  recording 
sorfaice  being  allowed  to  move  the 
same  distance  after  the  addition  of 
each  weight,  a  series  of  vertical  lines. 

representing  the  amount  of  each  elongation,  will  be  traced.  When 
the  lower  ends  of  all  the  vertical  lines  are  joined,  a  smo«>th  cur\c 
with  the  concavity  upwards  is  obtained  (Fig.  i<;5).  This  is  a  projjcrty 
common  to  living  and  dead  muscle  and  to  other  animal  structures, 
such  as  arteries.  Mirey's  method,  in  wliich  the  weight  is  continuously 
increased  from  zero  and  then  continuously  decreased  to  zero  again 
by  the  flow  of  mercury  into  and  out  of  a  vessel  attached  to  the 
muscle,  gives  directly  the  curve  of  extensibility. 

The  elongation  of  a  steel  rod  r)r  otiier  inorganic  solid  is  propor- 
tioni'J  within  hniits  to  the  extending  force  per  unit  of  cross-section  ; 
and  a  curve  plotted  with  the  weights  for  abscissa?  and  the  amounts 
of  elongation  for  ordinales  would  be  a  straight  lino.  But  this  is  not 
a  fundamental  distinction  between  animal  tissues,  and  the  materials 
of  unorganized  nature,  as  some  writers  seem  to  suppose      For  when 
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the  slow  after-elongation  which  follows  the  first  rapid  increase  in 
length  in  the  loaded,  excised  muscle  is  waited  for,  the  curve  of 
extensibiUt\'  comes  out  a  straight  Une  (Wundt),  and  within  hraits 
this  is  also  the  case  for  liunian  muscles  in  the  intact  body.  And 
although  a  steel  rod  much  more  quickly  reaches  its  maximum  eUm- 
gation  for  a  given  weight  when  loaded,  and  its  original  length  when 
the  weight  is  removed,  than  does  a  muscle,  time  is  required  in  both 
cases,  and  the  difference  is  one  of  degree  rather  than  of  kind.  When 
muscle  (striated  or  smooth)  is  not  stretched  beyond  the  limit  of 
physiologictil  relaxation,  the  amount  of  stretching  is  proportional 
to  the  weiglit.  and  the  same  is  true  of  all  the  simple  tissues  of  the 
body  (Haycraft). 

Dead  muscle  is  less  extensible  than  living,  and  its  limits  of 
elasticity  arc  much  narrower.  In  the  state  of  contraction  the 
cxtensibiht\'  is  increased  in  excised  frog's  muscle.  When  fatigue 
comes  on  after  many  excitations,  the  after-elongation  becomes  more 
pronounced,  but  the  return  after  unloiiding  is  very  incomplete, 
bonders  and  Van  Mansveldt  have  found  that  contraction  causes 
little  difference  in  the  muscles  of  a  living  man,  although  fatigue 
increases  the  cxtcnsibihty. 


Fig.   19(1. — ExTKNMBiLrTV  ov  Smooth  Musclh  (GnrrxNER). 

The  upper  group  of  fdur  t^clls  (i  tci  4)  is  from  a  hollow  orgAn.  whose  walk  are 
ccjutrurtcd  and  lunieu  alnltibl  abulished  ;  the  under  group  represents  the  same 
fibres  when  the  organ  is  full.  Ihr  fibres  arc  loiii^rr  rfnd  sr)nicwhal  darker.  They 
are  also  displaced  somewhat  alooK  e:u-h  oilm. 


The  great  extensibihty  nnd  elasticity  of  muscle  must  play  a 
considerable  part  in  determining  the  calibre  of  the  vessels,  and  in 
lessening  the  shocks  and  strains  which  the  heart  and  the  vascular 
system  in  general  are  called  ujwn  to  bear,  and  must  contribute  much 
to  the  smoothness  with  which  the  movements  of  the  skeleton  are 
carried  out,  and  immensely  reduce  the  risk  of  injury'  to  the  bones 
as  well  as  to  the  muscles  themselves,  the  tendons  and  the  other 
soft  tissues.  And  not  only  is  smoothness  gained,  but  economy  also  : 
for  a  portion  of  the  energy  of  a  sudden  contrAction,  which,  if  th-^ 
muscles  were  less  extensible  and  elasric,  might  be  wasted  as  heat 
in  the  jarring  of  bone  against  bone  at  the  joints,  is  stored  up  in  the 
stretched  muscle  and  again  given  out  in  its  elastic  recnil.  The 
skeletal  muscles,  too,  are  even  at  rest  kept  slightly  on  the  stretch, 
braced  up.  as  it  were,  ;ind  ready  to  act  at  a  moment's  notice  without 
taking  in  slack.  This  is  shown  by  the  fact  tliat  a  transvcnie  wound 
in  a  muscle  *  gapes,*  the  fibres  being  retracted,  in  virtue  of  their 
elasticity,  towards  the  tixed  points  of  origin  and  insertion.  Smooth 
muscle,  as  we  meet  it  in  the  hollow  viscera,  is  highly  distensible  and 
clastic,  as  is  siutcd  to  organs  whose  capacity  is  continually  varjin^ 
within  wide  hmits  (Fig.  196). 

If  a  muscle  is  so  overweighted  that  it  cannot  contract,  it  don- 
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Kdtcs  slightly  on  stimulation  (Weber's  paradox).  This  has  by  some 
been  held  to  indicate  that  tlic  increase  of  extensibility  associated 
with  contraction  still  occurs  in  the  excited  state  when  actual  con 
traction  is  mechanically  prevenleU, 

In  the  further  study  of  muscle  it  is  necessary  first  of  all  to  consider 
the  means  we  hiivc  of  calling  forth  a  contraction — in  other  words, 
the  various  kinds  of  stimuli. 

Stimulation  of  Muscle. — A  muscle  may  be  excited  or  stimu- 
lated eitlier  flirectly  or  through  \t9,  motor  iier\'e  ;  and  the  stimulus 
may  be  electrical,  mechanical,  chemical^  or  thermal.  Electrical 
stimuli  are  by  far  the  most  commonly  used,  and  will  i>e  discussed 
ia  detail.  A  prick,  a  cut,  or  a  blow  are  examples  of  mechanical 
stimuli.  A  fairly  strong  soUition  of  common  salt  or  a  dilute 
solution  of  a  mineral  acid  will  act  as  a  chemical  stinmlus,  which 
always  tends  to  cause,  not  a  single  brief  contraction^  but  a 
sustained  contraction  or  a  tetanus.  Sudden  cooling  or  heating, 
acts  as  a  stimulus  for  muscle,  btit  thermal  stimulation  ia 
somewhat  uncertain.  Smooth,  like  striped,  muscle  is  susceptible 
to  electrical,  mechanical,  thermal,  and  chemical  stimulation. 
In  addition,  m  certain  situations  it  can  be  excited  by  light 
(photic  stimulation),  as  in  the  case  of  the  excised  iris  of  fish 
and  amphibia.  In  all  artificial  stimulation  there  is  an  element 
of  sudden  or  abrupt  change,  of  shock,  in  other  w*:)rds  :  but  we 
cannot  tell  in  what  the  '  natural '  or  '  physiological  '  stimulus 
to  muscular  contraction  in  the  intact  body  really  consists,  nor 
how  it  differs  from  artificial  stimuli.  All  we  know  is  that  there 
must  be  a  wide  difference,  and  that  our  methods  of  excitation 
must  be  very  crude  and  inexact  imitations  of  the  natural 
process. 

Direct  Excitability  of  Muscle. — The  famous  controversy  on 
the  existence  of  independent  '  muscular  irritability  *  has  long 
been  forgotten,  and  has  no  further  interest  except  for  the  anti- 
quaries of  science,  if  such  exist.  The  direct  excitability  of 
muscle  in  the  modem  sense  is  not  quite  the  same  as  the  *  muscular 
irritability,'  the  discussion  of  which  occupied  Haller  and  his 
contemporanes.  What  the  modern  physiologists  have  been 
called  u|K>n  to  decide  is  whether  muscular  fibres  can  be  caused 
to  contract  except  by  an  excitation  that  reaches  tham  tlirough 
their  ner\'es.  In  this  sense  there  can  exist  no  doubt  that  muscle 
is  directly  excitable,  and  some  of  the  proofs  are  as  follows  : 

(i)  The  ends  of  the  frog's  sartorius  contain  no  nerves, 
yet  they  respond  to  direct  stimulation.  (2)  Certain  chemical 
stimuli — ammonia,  for  instance — excite  muscle  but  not  nerve. 
(3)  When  the  motor  nerves  of  a  limb  are  cut  they  degenerate, 
and  after  a  certain  time  stimulation  of  the  nerve-trunk  causes 
no  muscular  contraction,  while  the  muscles,  although  atrophied, 
can  l>e  made  to  contract  by  direct  stimulation.     (4)  Finally, 
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rf*  is  the  celebrated  curara  experiment  of  Claude  Bema 
ch  is  described  in  a  somewhat  modified  form  in  the  Practi 
;rcises,  p.  6i().     A  ligature  is  lied  firmly  round  one  thi^h 
og,  omitting  the  sciatic  nerve  ;  then  curara  is  injected,  a 
1  sliort  tinu'  the  skeletal  muscles  are  j)aralyzed.     That 
t  of   the  [)ara(ysis  is  not   the  muscles  themselves  is  sho 
their  vigorous  response  to  direct  stimulation.     The  '  bloc 
lot  in  the  nerve-trunk,  nor  above  it  in  the  central  nervi 
torn,   for   the  ligated   leg    is   often    drawn    up — that    is, 
scles   are   contracted — although    the   ^>oison   has   circxila 
'ly  in  the  sacral  plexus  and  the  spinal  cord.     Further,  if 
ve   of   the  ligated  leg   be   prepared  as  high    up  above 
turt'  as  possible,  where  the  curara  must  undoubtedly  h; 
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i.  i<(7. -To.Mc   CoMkA*  in»N   Oh    MusLi.t    uirim.   Passage  or   C'o»sta 

CVRBENT- 

WO  sartoriiu  muscles  of  frog  ronnecled  hy  pel\ic  attachments.     Current  t 
inal!  Dniiirll  i  db  in  srries  passed  through  their  whole  length.     Current  cl 
t,  opcrierl  At  b.     Titiie  trace,  two-second  intrrvals. 

chcd  it  (just  above  the  ligature  the  nerve  has  been  isola 
i  the  circulation  in  it  more  or  less  interrupted),  stimulat 
it  will  cause  contraction  of  the  muscles  of  the  limb ;  w 
itation  of  the  other  sciatic  is  ineffective, 
t  can  l>e  also  shown,  by  means  of  the  negative  variation 
rent  of  action  (p.  632),  that  a  ner\'e-trunk  on  which  ciu 
.   acted   remains   excitable,   and   capable  of  conducting 
ve-impulse.     The   conclusion,    therefore,   is   that   the  cur 
alyzes  neither  nerve-fibre  nor  muscular  fibre,  but  the 
ween  the  two  which  we  call  the  nerve-ending.     In  comini 
s  conclusion,  the  assumption  is  made  that  the  ncrve-ftl 
bin  the  muscle,  since  they  are  anatomically  similar  to  tl 
the  nerve-trunk  till  near  their  terminations,  are  simili 

MrSCLE 
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affected  by  curara.  W'e  must  carefully  reniemt>cr  tliat  the  '  nerve- 
endings  '  which  are  paralyzed  by  ciirara  do  not  necessarily, 
nor  even  ])robably,  coincide  exactly  with  tbt'  '  nerve-endings  ' 
of  histology  (Fig.  it>8).  Still,  it  is  signiticaiit  that  the  liistological 
differences  between  the  nerve-terminations  in  striped  and  smooth 
muscle  should  correspond  to  a  physiolof^iral  difference  in  the 
action  of  curara  on  them.  This  drug  paralyzes  the  nerve- 
endings  in  smooth  muscle — the  muscles  r>f  the  bronchi^  for 
instance — with  much  greater  difficulty  than  those  in  ordinary 
skeletal  muscle,  and  the  same  is  true  of  the  vagus-endings  in 
the  lieart. 
The  action  of  curara  gives  us  the  means  of  stimulating  muscle 


I'l';.  198, — Fkod's  Motor  Nlkvb  Endimi>  (Wilso.**). 
A.  H,  C>  threi*  muscle-fibrcs.  The  tnedullated  nrrvr  a  Iu5:s  its  medullary  ^hcatb 
and  Ireakt  up  00  B  at  i.  It  give;  off  at  i  a  Lirge  non-mcdiiUated  branch, 
which  al  o  breaks  up  on  B.  The  oerve  ending*  siend  uUratennin  J  fibrillju  to 
A.  R.  and  C,  «onir  of  which  w.<rr  »een  to  end  m  •tm.il!  knobs.  A  sepirate  non- 
medulLited  nerve,  n,  is  shown,  which  farm«i  a  small  plexus  on  B,  une  Atire  ol 
whi  h  penetrate*  to  a  tower  plane  than  the  othir,  and  ends  by  forming  a  knob 
under  the  s^rcolcmma. 


directly :  when  electrical  currents  are  sent  through  a  non- 
curarized  muscle,  there  is  in  general  u  mixture  of  direct  and 
indirect  stimulation,  for  the  nerve-ftbres  within  the  muscle  are 
also  excited.  Induced  currents  stimulate  nerve  more  readily  than 
muscle.  Voltaic  currents  may  excite  a  muscle  whose  nerves  have 
degenerated,  while  induced  currents  are  entirely  without  effect. 

For  direct  stimulation,  a  curari/cd  frog's  sartorius  or  semi- 
membranosus is  generally  used  on  account  of  their  long  parallel 
fibres  ;  for  indirect  excitation,  a  muscle-nerve  pre^iaratiun,  com- 
posed of  a  frog's  gastrocnemius  with  the  sciatic  ner\'e  attached 
to  it.  is  commonly  employed,  as  it  is  easy  to  isolate  the  muscle 
without  hurting  its  ner\'e. 
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Stimulation    by    the   Voltaic    Ciu^rent.  —  WTiile   the    current 

continues  to  pass  through  a  iierve  without  any  sudden  or  great 
change  in  its  intensity,  there  is  no  stimulation,  and  the  muscle 
connected  with  the  nerve  remains  at  rest.  The  same  is  true  of 
striated  muscle  when  a  weak  current  is  passed  directly  through 
it.  But  in  muscle  the  constancy  of  the  rule  is  more  and  more 
frequently  broken  by  exceptional  results  as  the  current  is 
strengthened,  a  state  of  permanent  contraction  being  very  apt 
to  show  itself  during  the  whole  time  of  flow  (Wundt)  (Fig.  197). 
Above  a  certain  intensity  of  current  a  greater  or  less  degree  of 
jjermanent  contraction  is  invarial>ly  produced.  This  is  some- 
times called  the  '  closing  tetanus/  It  is,  however,  not  a  true 
tetanus,  but  a  tonic  contraction,  which  is  strongest  in  the  neigh- 
bourhood of  the  cathode,  and  does  not  spread  far  from  it.  A 
similar  condition,  the  so-called  galvanolontiSy  is  normally  seen 
in  human  muscles  when  they  or  their  motor  nerves  are  traversed 
by  a  stream  of  considerable  intensity.  Under  certain  conditions, 
too — e.g.,  when  a  strong  current  is  allowed  to  flow  for  a  com- 
paratively long  time  through  a  muscle — the  muscle  remains 
contracted  after  the  opening  of  the  current  (so-called  *  opening 
or  Ritter's  tetanus ').  Smooth  muscle  is  excited  to  con- 
traction even  when  a  voltaic  current  is  very  gradually  passed 
into  it  and  slowly  increased,  and  again  when  it  is  caustid  very 
gradually  to  disappear.  But  striped  muscle  is  not  stimulated 
under  these  conditions. 

For  nerve,  and  with  these  qualifications  for  muscle,  too,  we 
may  lay  down  the  law  that  the  voltaic  current  stimtUaies  at  make 
and  at  break,  but  not  during  its  passage.  Or,  generalizing  this  a 
little,  since  it  has  been  shown  that  a  sudden  increase  or  decrease 
in  the  strength  of  a  current  already  flowing  also  acts  as  a  stimulus, 
we  may  say  that  the  voltaic  current  stimulates  only  when  Us 
iniensiiy  is  suddenly  and  sufficiently  increased  or  diminishedy 
but  not  while  it  remains  constant* 

When  a  strong  current  is  closed  through  a  muscle  tjiere  is  an 
immediate  shaqj  contraction  (initial  contraction).  The  muscle 
then  jiromptly  relaxes,  but  incompletely.  When  the  current 
is  of)ened.  there  is  another  contraction  (Fig.  Kjy)-  The  force 
of  the  initial  contraction,  as  measured  by  the  resistance  necessary 
to  prevent  it,  is  greater  than  that  of  the  tonic  contraction  which 
follows  it. 

A  second  law  of  great  theoretical  importance  is  that  of  polar 
stimulation.  At  make  the  stimulation  occurs  only  at  the  cathode  ; 
at  break  only  at  the  anode.     This  is  true  both  for  muscle  and 

*  This  law  of  tlu  Bots-KeymotuI  has  been  quctttioneil  by  Hoorweg  and 
others.      It  si'ems  to  need   inodtltcation,  hut  the  subject  cannot  be  dis- 
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nerve,  but  it  is  most  directly  and  simply  demonstrated  on 
muscle.  A  long  ]>arallel-fibred  curarLzed  muscle  is  supported 
about  its  middle  ;  the  two  ends,  which  hang  down,  are  con- 
nected with  levers  writing  on  a  revolving  drum,  and  a  current 
is  sent  longitudinally  through  the  muscle.  It  is  not  difficult 
to  see  from  the  tracings  that  at  make  the  lever  attached  to  the 
cathodic  end  moves  first,  and  that  the  other  lever  only  moves 
when  the  contraction  started  at  the  cathode  has  had  time  to 
reach  it  in  its  progress  along  the  muscle.  Similarly,  at  break 
the  lever  cormected  with  the  anodic  end  moves  first.  The  law 
of  polar  excitation  holds  both  for  striated  and  for  smooth  muscle. 
Not  only  is  there  no  excitation  of  unstriped  muscle  at  the  anode 
on  closure  of  the  ^^  ■-■* 
current,  but  a 
previously  existing 
contraction  disap- 
pears. For  skeletal 
muscle  ih^  make 
is  stronger  than  the 
break  contraction. 
It  has  not  been 
proved  that  this  is 
the  case  for  smooth 
muscle. 

The  Muscular 
Contraction.  — 
When  a  muscle 
contracts,  its  two 
points  of  attach- 
ment, or,  if  it  be 
isolated,  its  two 
ends,  come  nearer 
to  each  other  ;  and 
in  exact  proportion  to  this  shortening  is  the  increase  in  the  average 
cross-section.  The  contraction  is  essentially  a  change  of  form,  not 
a  change  of  volume.  The  most  delicate  obser\'ations  fail  to  detect 
the  smallest  alteration  in  bulk  (Ewald).  Living  fibres  kept  con- 
tracted by  successive  stimuli  can  be  examined  under  the  micro- 
scope ;  or  fibres  may  be  '  fixed '  by  reagents  like  osmic  acid, 
and  sometimes  a  very  good  opportunity  of  studying  the  micro- 
scopic changes  in  contraction  is  given  by  a  grouj>  of  fibres  in 
which  the  *  fixing  '  reagent  has  caught  a  wave  of  contraction, 
and,  so  to  Sf)cak,  pinned  it  down.  It  is  then  seen  that  the  pro- 
cess of  contraction  in  the  fibre  is  a  miniature  of  that  in  the 
anatomical  muscle.  The  individual  fibres  shorten  and  thicken, 
and  the  sum-tntal  of  this  shortening  and  thickening  is  the  m»" 


Fig.   190. 


-Tonic  Contraction  during  and  ArrcR 
Flow  ov  Voltaic  Current- 

Curve  from  frog's  giutrocQemiu&.  At  M  cunsLant 
current  dosed*  al  B  brukco.  Coatxacture  coolianes 
after  opening  of  current.  Time  trace,  twontecond 
inter^'aU. 
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cular  contraction  which  we  see  with  the  naked  eye.  The  pheno- 
mena of  the  muscular  contraction  may  be  classified  thus : 
(i)  Optical,  {2)  Mechanical,  {\)  Thermal,  (4)  Chemical,  (5)  Son- 
orous, (6)  Electrical  (fj)  will  l»e  treated  under  *  Voluntary 
Contraction  ';  (b)  in  Chapter  XI. 

(i)  Optical  Phenomena — ^Microscopic  Structure  of  Striped  Muscle- — 

The  strurtiirr  of  striped  muscle  lias  long  been  ihp  enigma  of  histology ; 
and  the  liibours  of  mauy  distinguie>lu*d  iiicu  luive  not  sufiiced  to 
make  it  clear.  On  llie  contrary,  as  investigations  liave  multiplied, 
new  tlieuries,  new  interpretations  of  what  is  to  be  seen,  have  multi- 
plied in  proixjrtion,  and  a  resolute  bre\'ity  has  become  the  cliief 
duty  of  a  writer  on  elementary  physiology  in  regard  to  the  whole 
(jucstion. 

The  ninscle-ftbrc,  the  unit  out  of  which  the  anatomical  muscle  is 
built  up,  is  surrounded  by  a  stnicturclcss  membrane,  the  sarcolemma. 
The  length  and  breadth  of  a  fibre  vary  greatly  in  different  situations. 
The  maximum  length  is  about  4  cm.  ;  the  breadth  may  be  as  much 
as  70  M  and  as  little  as  10  /i.  When  we  come  to  analyze  the  muscle- 
fibre  and  to  determine  out  of  what  units  it  is  built  up,  the  difficulty 
begins.  The  fibre  shows  alternate  dim  and  clear  transverse  stripes, 
and  can  actually  be  spht  up  into  discs  by  certain  reagents.  It  also 
shows  a  longitudinal  striation.  and  can  be  separated  into  hbrilv. 
Some  have  supposed  that  the  discs  arc  the  real  structural  units 
which,  piled  end  to  end,  make  up  the  fibre.  The  fibrils  they  con- 
sider artificial.  This  view  is  erroneous.  It  seems  certain  that  the 
fibres  arc  built  up  from  fibrils  ranged  side  by  side,  and  that  the  discs 
are  artificial.  The  contents  of  the  muscle-fibre  appear  to  consist  of 
two  functionally  different  substances,  a  contractile  substance,  and  an 
interstitial,  perliaps  nutritive,  non-contractile  material  of  more  fluid 
nature.  The  contractile  substance  is  arranged  as  longitudinal  fibrils 
embedded  in  interfibrillar  matter  (sarcoplasm).  In  a  muscle  im- 
pregnated with  chloride  of  gold  the  interfibrillar  matter  appears  as  a 
network. 

Schafer  has  described  the  contractile  elements  of  the  muscle-fibre 
(Figs.  200,  201)  as  fine  columns  (sarcostyles).  divided  into  segments 
(sarcomeres)  by  thin  transverse  discs  (Krause's  membranes),  occupy- 
ing the  position  of  the  middle  of  each  light  stripe.  Krause's  mem- 
brane is  probably  only  an  optical  appearance.  If  an  actual  par- 
tition exists,  it  must  either  be  incomplete,  or  much  more  easily 
ruptured  than  the  sarcolcmma  ;  for  Kuhne,  who  was  fortunate  enough 
to  find  one  day  a  small  nematode  worm  moving  in  the  interior  of  a 
fibre,  saw  it  pass  along  the  fibre  with  perfect  freedom,  ignoring 
Krause's  membrane.  Each  sarcomere,  according  to  Schiifer,  con- 
tains a  sarcous  clement  (a  [wrtion  of  the  dark  stripe)  with  a  clear 
substance  at  its  ends,  filling  up  the  space  between  the  sarcous 
element  and  Krause's  membrane,  and  constituting  a  portion  of  the 
light  stripe.  The  sarcous  element  is  itself  double,  and  if  the  fibre 
be  stretcfied.  the  two  portions  separate  at  a  line  which  nms  trans- 
versely across  tlie  middle  of  the  dim  stripe  (Hensen's  line).  Tha 
small  polygonal  areas  seen  in  a  cross-section  of  a  iibre  (Cohnheim's 
areas)  represent  the  cross-sect ictns  of  the  sarcostyles  separated  frotu 
each  other  by  sarcoplasm.  Schafer's  muscle-columns  or  sarcostyles 
are  units  of  greater  transverse  diameter  than  the  fibrils  of  KoUikcr. 
Rutherford,  etc.,  and  he  considers  that  the  appearance  of  longi 
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tudinat  fibrillation  in  the  sarcous  elements  is  due  to  the  presence  in 
them  of  fine  longitudinal  canals  or  jwres. 

Rutherford  has  ffiven  a  somewhat  different  account  of  the  raatter. 
According  to  him,  each  fibril  is  made  up  of  a  lon^tudinal  row  of 
segments  of  two  kinds  alternating  witn  each  other  (Fig.  202) : 
(i)  '  Bowman's  elements,'  sliai>ed  like  an  elongated  hour-glass^  and 
containing  a  substance  readily  stained  by  various  dyes;  (2)  an 
'  intermediate  segment  '  of  cylindrical  shajn.',  the  general  sulKtance 
of  which  docs  not  readily  stain.  The  intermediate  segment  con- 
tains in  its  centre  a  globule  (Dobie's  globule),  which  is  easily  stamed.* 


H*Himirtl835 


Flo.       100.  —  Living      Muscle      of 

WaTBR-  UlBTLE       (Hn.lltY*  MaCNI- 

nsD)  (ScBArsK). 

a,  sarcolemma ;  d,  dim  stripe : 
h.  bright  stripe  :  c.  row  of  dots  in 
brif^ht  stripe,  which  appear  to  be 
the  enlarged  ends  of  rod-shaped 
particlen,  d.  but  in  reality  represent 
expansions  of  the  interstitial  substanrr 
(sarcopUsm). 


Fig.     ioi. — Portion      of 
Leg  Muscle  or  Insect. 

TREATED      WITH      DiLL'TE 

AcETtc  AdD  (SciiApbk). 

S.  sarcolemma :  D,  dot* 
like  enlargcmfnt  of  satco- 
plasm  ;  K,  Krause't  mem- 
brane. The  sarcous  pIc- 
ments  have  been  swoUra 
and  dissolved  by  the  acid. 


The  fibrils  arc  regularly  arranged  in  bundles  witliin  the  fibre.  The 
apposition  of  Bowman's  elements  gives  rise  to  the  dim  strij>e  ;  the 
apposition  of  the  inlermcdiatc  segments  to  the  clear  stripe  ;  the 
apposition  of  the  Dobie's  globules  to  a  line  in  tlie  middle  of  tnc  clear 
stnpe  (Dobie's  hnc). 

Changes  during  Contraction. — When  a  muscle  contracts, 
according  to  Schafer,  the  clear  substance  between  the  Krause's 
membrane  and  the  sarcous  element  passes  into  the  canals, 
which  are  open  towards  Krause's  membrane,  but  closed  towards 

*  In  the  muscles  of  certain  invertebrate  animals,  though  not  in  ttiuse 
of  vertebrates,  the  intermediate  segment  contains,  in  addition  to  Dobie's 
globule,  two  [»var-9haped  bodies  (Fl6gel's  elements),  each  o!  wliich  occupies 
an  interme<h;ite  jwisition  between  Dobie's  globule  and  tlii.*  cm!  of  the 
adjnininp  Bowman's  element.  Fli>gors  elements  also  stain  woll.  and  arc 
doubly  retracting. 
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Hensen  's  line.  The  sarcous  element 
therefore  swells  up,  and  the  sarcomere 
is  shortened.  In  the  extended  muscle 
the  clear  substance  leaves  the  pores  of 
the  sarcous  element,  and  accumulates 
in  the  space  between  it  and  Krause's 
mem  brane .  The  sarcomere  is  thus 
lengthened  and  narrowed.  Wiile  the 
existence  of  Schiifer's  pores  is  not  ad- 
mitted by  all  observers,  there  is  a 
pretty  general  agreement  that  in  con- 
traction a  fluid  does  pass  from  the  clear 
ends  of  the  sarcomeres  into  the  sarcous 
elements.  According  to  Rutherford, 
during  contraction  the  intermediate 
segment  first  shortens,  so  that  the  ends 
of  Bowman's  elements  come  close  up  to 
Uobie's  globules.  There  is,  apparently, 
no  lateral  bulging  of  the  intermediate 
segments  while  this  shortening  is  going 
m,  sf)  that  the  fltiid  in  them  must  enter 
Bowman's  elements.  The  Bowman's 
elements  begin  to  shorten  a  little  later 
than  the  intennediate  segment.  The 
easily-stainablc  substance  in  them  passes 
to  their  ends,  which  swell  and  became 
dimmer,  while  their  shafts  become  clear. 
The  result  of  these  changes  is  that  in 
the  fully  contracted  fibril  the  clear  stripe 
occupies  the  middle  of  what  was  the 
dim  stripe  in  the  uncontracted  fibril, 
and  the  dim  stripe  of  the  contracted 
fibril  is  made  up  of  '  the  swollen  ends 
of  Bowman's  elements  with  the  Dobie's 
globules  and  other  tissue  elements  of 
the  intermediate  segments  '  (Rutherford). 
This  ]thenomenon  is  known  as  the  re- 
versal of  the  stripes.  It  is  not  really  a 
reversal  in  the  sense  of  being  a  bodily 
exchange  of  tlie  whole  of  the  material  of 
the  dim  and  light  stripes.  Schafer  has 
explained  it  as  due  to  the  squeezing  of 
sarcoplasm  from  between  the  sarcous 
elements  into  the  position  of  the  light 
stripe,  when  they  bulge  laterally  in  contraction.  This  accumu- 
lation of  sarcoplasm  in  the  stripes  that  were  previously  light 


Fig.  302. — Crab's  Mvscle 

IN        DlfPKREKT       StAOCS 

or  Contraction  (aitrr 

RUTHKRrORP). 

Three  fibriUs  are  shown  : 
r.  complete  relaxation  ;  (, 
complete  contraction  ii-6'". 
sarroiis  elements  ;  rf-rf*. 
Dobie's  granules  :/,  Fldgel's 
granules. 
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makes  them  look  darker  in  comparison  with  the  true  dim 
stripe. 

Appearance  of  the  Fibres  in  Polarized  Light, — A  ray  of  ordinary 
light  consists  of  vibrations  of  the  etlier  in  all  planes  at  ri^ht  angles 
to  the  direction  of  the  ray.  In  a  ray  of  plane  polarized  light  all  the 
particles  vibrate  in  one  plane.  A  ray  of  light  which  has  been 
polarized  by  a  Nicol's  pnsm  cannot  pass  through  another  Nicol's 

Frism  witli  its  principal  plane  at  right  angles  to  that  of  the  first, 
f  the  second  or  analyzing  prism  bo  rotated  so  that  the  principal 
planes  are  no  longer  at  right  angles,  some  of  Ihc  light  sviU  pass 
through.  The  same  effect  is  produced  if,  without  altering  the 
original  '  crossed  *  position  of  the  nicols,  a  substance  capable  of 
rotating  the  p<)larized  ray  is  introduced  bclwcon  the  prisms,  A 
rough  iUustration  will  perliaps  tend  to  make  this  point  clearer. 
Suppose  that  a  string  fixed  ftt  one  end  is  set  vibrating  in  various 
directions  by  a  twisting  move- 
ment. If  the  string  has  to 
pass  through  a  narrow  vertical 
slit — e.g.,  between  two  fingers 
held  vertically^all  vibrations 
except  those  in  the  vertical 
plane  will  be  extinguished  ; 
but  vertical  vibrations  will  be 
able  to  pass  beyond  the  slit. 
The  movement  may  be  said 
to  be  plane  polarized,  and  the 
effect  of  the  slit  corresponds 
to  that  of  the  first  nicol. 
Now  make  the  string  pass 
also  through  a  horizontal  slit; 
the  vertical  \nbrations  will 
then  be  extinguished  too  ;  in 
other  words,  none  of  the  move- 
ments will  pass  t>eyond  the 
'  crossed  '  slits.  This  corre- 
sponds to  the  dark  field  of  the 
crossed  nicols.  But  if  the 
vertical  vibrations  which  have 
passed  the  first  slit  could  be 

in  any  way  changed  into  horizonUU  vibrations,  they  would  no  longer 
be  extiiiguished  oy  the  second.  This  would  correspond  to  rotation 
of  the  plane  of  polarization  through  c;o°.  A  ray  of  hght  polarized  by 
the  first  nicol  will,  if  its  plane  of  polari.zation  be  rotated  through  90  , 
pass  entirely  (except  for  loss  by  ordinary  reflection  and  at)sorptioa) 
tlirough  the  second.  If  the  angle  of  rotation  is  less  than  90°,  a 
portion  will  pass  through. 

The  substance  of  the  Bowman's  clement,  and  particularly  the 
easily -stained  matcruil  in  it,  is  doubly  refracting,  and  thexefore 
rotates  the  plane  of  poLiri2;ition.  The  same  is  true  of  the  Dobic's 
globule,  but  the  rest  of  the  intermediate  segment  is  singly  refracting. 
When  an  unconiracted  fibre  is  viewed  vnXh  crossed  nicols,  the  dim 
stripe  accordingly  appears  bright  in  the  otherwise  dark  field.  In 
the  contracted  fibre  Uie  strii>c  tliat  is  dim  in  ordiiuirv  light  is  bright 
when  looked  at  uith  crossed  nicols.  since  the  ends  of  the  Bowman's 
elements,  filled  with  the  doubly  refractive  stainable  material,  and 

36 


Fic.    20^.  —  Living  Muscular  Fibre 

(PROM    GKOTRUPES   STKRCORARieS). 

I,  iu  urdinary  ;  3,  in  |K>l<irizcd  light. 
(Van  Gfrbuchlen.)  In  living  oiiuclc  (at 
least  in  fibres  which  arr  not  extended)  in 
contrast  to  dead  mttacte  after  treatment 
with  reagents,  the  doubly  refracting  or 
anisotrupous  substance  is  present  in  the 
greater  part  of  the  fibre  :  and  with  crossed 
uicols  the  positiun  uf  ihc  tiiiigly  refracting 
or  isotropous  material  is  indicated  only 
by  narrow  transverse  black  lines  or  rows 
of  dark  dots. 
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the  doubly  refractive  Dobie's  globule  are  there  approximated. 
stripe  which  in  the  contractcu  fibre  is  the  brignter  of  the  1 


The 
stripe  whicti  in  the  contracted  hbre  is  the  brighter  ot  the  two  in 
ordinary  light  is  the  dimmer  of  the  two  in  the  field  of  the  crossed 
nicols,  dlthouj^'h  it  Ls  not  absolutely  dark,  since  the  shafts  of  the 
Bowman's  elements  ciiuse  some  rotation  of  the  plane  oi  iwlarization 
even  m  the  i-.bscnce  of  the  stainabic  material  (Rutherford). 

Diffraction  Spectrum  of  Muscle, — When  a  beam  of  white  hpht 
passes  through  a  striped  muscle,  it  is  broken  up  into  its  constituent 
colours,  and  a  scries  of  diffraction  spectra  arc  produced,  just  as 
happens  when  the  light  passes  through  a  diffraction  grating  (a  piece 
of  glass  on  wliicii  arc  ruled  a  number  of  fine  parallel  equidistant 
Unes).  The  nearer  the  hues  arc  to  each  other,  the  greater  is  the 
displacement  of  a  ray  of  hght  of  any  given  wave-length.  It  lias 
accordingly  been  found  that  when  a  muscular  fibre  contracts,  the 
amount  of  displacement  of  the  diifraction  spectra  increases.  At 
the  same  time  the  whole  fibre  ttecomes  more  transparent. 

(2)  Mechanical  Phenomena. — The  miisctilar  contraction  may 
be  graphically  rer(ird<'d  by  connecting  a  muscle  with  a  lever 
which  is  moved  either  by  its  shortening  or  by  its  thickening. 
The  lever  writes  on  a  blackened  surface,  which  must  travel  at 
a  uniform  rate  if  the  form  and  time-relations  of  the  muscle  cur\*e 
are  to  be  studied,  but  may  be  at  rest  if  only  the  height  of  the 
contraction  is  to  be  recorded.  The  whole  arrangement  for 
taking  a  mnscle-tracing  is  called  a  myograph  (Fig.  234,  j).  631). 
The  duration  of  a  'twitch'  or  single  contraction  (including  the 
relaxation)  of  a  frog*s  muscle  is  usually  given  as  about  one-tenth 
of  a  second,  but  it  may  vary  consideraljly  with  temperature, 
fatigue,  and  other  circumstances.  It  is  measured  by  the  vibra- 
tions of  a  tuning-fork  written  immediately  below  or  above  the 
muscle  curve.  When  tlie  muscle  is  only  slightly  weighted,  it 
but  very  gradually  reaches  its  original  length  after  contraction, 
a  period  of  rapid  relaxation  being  followed  by  a  period  of 
'  residual  contraction,'  during  which  the  descent  of  the  lever 
towards  the  base-line  becomes  slower  and  slower,  or  stops 
altogether  some  distance  above  it.  The  duration  of  the  con- 
traction of  smooth  muscle  evoked  by  a  single  momentary 
stimulus  is  much  greater  than  that  of  striped  muscle  (two  to 
seven  seconds  fur  the  rabbit's  ureter  ;  five  to  fifteen  seconds  for 
the  cat's  nictitating  membrane  ;  one  to  two  minutes  for  the  frog's 
stomach). 

Latent  Period. — If  the  time  of  stimulation  is  marked  on  the 
tracing,  it  is  found  that  the  contraction  docs  not  begin  simul- 
taneously with  it,  but  only  after  a  certain  interval,  which  is 
called  the  latent  period. 

This  can  be  measured  by  means  of  the  |>endulum  myograph 
(Fig.  205)  or  the  spring  ^myograph  (Fig.  204),  in  lx)lh  of  which 
the  carrier  of  the  recording  plate  opens,  at  a  definite  point  in 
its  passage,  a  key  in  tlie  primary  coil  of  an  induction  machine 


4 


4 


I 


MUSCLE 


563 


and  so  causes  a  shock  to  be  sent  through  the  muscle  or  ner\'e» 
which  is  connected  with  the  secondary.  The  precise  point  at 
which  the  stimulus  is  thrown  in  can  be  marked  on  the  tracing  by 
carefully  bringing  the  ]>lati;  to  the  ^wsition  in  which  the  key  is 
just  opened,  and  allowing  the  levor  to  trace  here  a  vertical  line 
(or,  rather,  an  arr  of  a  circle).  The  )iortion  of  the  time-traring 
between  this  line  and  a  parallel  line  drawn  through  the  i)oint 
at  which  the  rontracti<in  begins  gives  the  latent  period. 

Heln)holtz  measured  the  length  of  the  latent  period  by  means 
of  the  principle  of  Pouillct,  that  the  deflection  of  a  magnet  by 


Fig.  i04.^>SpKiNG  Myograph. 

A,  B,  truii  uprights,  betweea  which  are  stretched  the  guide-wires  ua  which  the 
travelling  plate  a  runs  :  A.  pieces  of  cork  oa  the  gruides  to  gradually  check  the  plate 
at  the  end  of  its  excursion,  and  preveat  janing  ;  b,  spriUKt  the  release  of  which 
shoots  the  plate  along  ;  h,  thgger-key.  which  is  opened  by  the  pin  d  oa  the  frame 
of  the  plate. 

a  current  of  given  strength  and  of  very  short  duration  is  pro- 
portional to  the  time  during  which  the  current  acts  on  the 
ma^et.  He  arranged  that  at  the  moment  of  stimulation  of 
the  muscle  a  current  should  be  sent  through  a  galvanometer, 
and  should  be  broken  by  the  contraction  of  the  muscle  the 
moment  it  began.  In  this  way  he  obtained  the  value  of  y^ 
second  for  the  latent  (>eriod  of  frog's  muscle.  The  tendency  of 
later  observations  has  been  to  make  the  latent  ]»eriod  shorter. 
Burdon  Sanderson  finds  that  the  change  of  form  begins  in 
muscle  with  direct  stimulation  in  iflVjn  second  after,  and  the 
electrical  change  (p.  634)  simultaneously  with,   the  excitation, 
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It  ifi  known  that  the  apparent  latent  period  depends  upon  the 
resistance  which  the  muscle  has  to  overcome  in  beginning  its 


Fig.  ^05. — Pendl'Lvm  Mvograi'h. 

At  the  left  as  seen  from  the  side,  ut  the  right  as  seen  from  the  front. 
A,  bearings  tm  whirh  the  pendulum  swings  ;  P.  pendulum  ;  G.  G',  glass  plates 
carried  in  the  frames  T,  T' ;  a,  yiu  which  upens  the  trisger-key.  The  key. 
when  closed,  is  in  contact  with  c,  and  so  completes  the  circuit  of  the  primary 
coil. 


contraction.  A  heavily-weighted  muscle,  for  instance,  cannot 
begin  to  shorten  until  as  much  energTy*  has  been  developed  as 
is  necessary  to  raise  the  weight  ;  and  its  latent  i>eriod  will  be 
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distinctly    longer    than    that   of   unweighted   or   very  slightly 
weighted  muscles,  such  as  those  with  which  Sanderson  worked. 

The  maximum  shortening,  or  *  height  of  the  lift  '  depends  upon 
the  length  of  the  muscle,  the  direction  of  the  fihrcs.  the  strength  of 
the  stimulus,  the  excitabihty  of  the  tissue,  and  the  load  it  has  to  raise. 

In  a  long  muscle,  other  tfiings  l>cinK  equal,  the  absolute  shortening 
and  therefore  the  maximum  height  of  the  curve,  will  be  greater  than 


Fio.  206. — Curve  or   a  Single   Mtscllar   Contractiok   or*  Twitch  takkm 
ON  SuoKEO  Glass  with  Spring  Myograph  and  puotogkaphbd. 


Vertical  lint*  A  marks  tht:  pnint  at  which  the  muscle  was  stimulated 
tracing  shows  ^^^  of  a  second  (reduced). 


time 


in  a  short  muscle  :  in  a  muscle  with  fibres  parallel  to  its  length — 

the  sartorius,  for  instance— it  will  be  greater  than  in  a  muscle  Uke 

the  gastrocnemius,  with  the  fibres  directed  at  various  angles  to  the 

long  axis.     For  stimuli  less  thcin  miiximal,  the  absolute  contraction 

increases  with  the  strength  of  stimulation,  and  a  given  stimulus 

will  cause  a  grcitcr  contraction  in  a  muscle 

with  a   given   excitability   than    in   a   muscle 

which  is   less  excitable.      Under  ordinary  ex- 

t>erimental   conditions   at   least,  weak  stimuli 

ciuse  a  smaller  contraction   than  strong,  not 

only  because   each  stimulated   fibre   contracts 

less,  but  because  a  smaller  number  of  fibres  are 

excited.      The  objects  used  for   the   study  of 

muscular  contraction  contain  many  fibres,  and 

it  is  not  in  general  possible  to  distribute  the 

stimulus  equally  to  all.     This  is  true  for  smooth 

muscle  as  well  as  for  striped.     Finally,  increase 

of   the   load    per  unit  of   cross-section   of   the 

muscle   diminishes   above   a  cert^tin   limit   the 

'  height  of  the  lift.'  although  below  that  limit 

it  may  increase  it. 


Fig.  207. — CoNiRAC 
TiONS  op  Smooth 
Muscle  :  Tat'* 
Dladocr  (C.  C. 
Stewart). 

Stimulated  with  pro* 
grcsiiveW  stronj^cr  in- 
duction shocks.  Th? 
lownt  line  is  the  linic 
trace  (lo-second  inter- 
vals). Immrdiatcly  be- 
low thfl  mturular  con- 
tractions are  marked 
the  pomts  at  which  the 
stimuli  were  thrown  in. 


Influences  which  affect  the  Timc-rcla- 
tions  of  the  Muscular  Contraction.  — 
Many  circumstances  affect  the  form  of  the 
muscle  curve  and  its  time-relations. 

(a)  Influence  of  Ike  Load. — The  first  effect 
of  contraction  is  to  suddenly  stretch  the 
mascle,  and  the  more  the  muscle  is  loaded  the  greater  will  this 
tdonj^ation  lie.  So  that  at  the  beginning  of  the  actual  shortening 
part  of  the  enerjijy  of  contraction  is  already  expended  without 
visible  effect,  and  has  to  be  recovered  from  the  elastic  reaction 
during  the  ascent  of  the  lever. 
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Then  the  inertia  of  the  lever  itself  and  of  its  load  comes  into 
play,  and  may  carry  the  curve  too  high  during  the  up-stroke 


FiC.    30^. —  iMFLt'CKCE   OP   LOAD   ON    THE    FOHM   Of     lU.     M'iCLE    CVRVX. 

I,  curve  taken  with  unloaded  lever ;  z.  j,  4.  weight  successively  increased 
5,  abscissa  line  ;  lime  trace,  ti^  second  (reduced). 

and  too  low  during  the  down-stroke.  This  can  be  minimized 
by  making  the  lever  very  light,  and  attaching  the  weight  close 
to  the  fulcrum,  so  that  it  has  only  a  small  range  of  movement, 
and  never  acquires  more  than  a  small  velocity.     The  contrac- 


FiG.   2o*).~Influence  of  Temperature  ojc  tiif  Striated  Muscle  Curve. 

2,  air  temperature  ;  i,  as^^jo*  C. :  3,  7"  — in"  C. ;  4.  ice  in  contact  with  muscic. 
The  fifth  curve  was  taken  at  a  little  above  air  traiperature. 

tion  of  a  muscle   loaded   by  a  weight  which  is.  not  increased  or 
diminished  during  the  contraction  is  said  to  be  iso-tonic^  for  here 


I 
1 


MUSCLE 


5fi7 


the  tension  of  the  muscle  is  the  same  throughout,  and  its  lengtfi 
alters.  When  the  muscle  is  attached  very  near  the  fulcrum  of 
the  lever,  so  that  it  acts  upon  a  short  arm,  while  the  long  arm 
carrying  the  writing-point  is  prevented  from  moving  much  by 
a  spring,  the  muscle  can  only  shorten  itself  very  slightly  ;  but 
the  changes  of  tension  in  it  will  be  related  to  those  in  the  sparing, 
and  therefore  to  the  curve  traced  by  the  writing-fxiint.  Such 
a  curve  is  called  iso-mdric,  since  the  length  of  the  muscle  remains 
almost  unaltered.  In  the  body  muscles  usually  contract  under 
conditions  more  nearly  allied  to  those  of 
the  iso-metric  than  to  those  of  the  iso-tonic 
contraction. 

The  maximum  of  the  iso-metric  curve  {the 
maximum  tension  with  practically  constant 
length)  i>  sooner  reached  than  that  of  the  iso- 
tonic (the  maximum  contraction  with  constant 
tcnaion).  From  this  it  hus  been  concUidcd 
that  as  the  muscle  shortens  its  coefficient  of 
elasticity  continuously  diminishes  {I'ick),  or, 
what  comes  to  the  same  thing,  its  extensi- 
bility continuously  increases.  Il  follows  tliat 
the  tension  of  a  muscle  contracting  against 


Fio.  2IO.— Implurnce  op  Temphraturk  OS  THE  Smooth  Muscle  Curve: 
Cat's  Bladper  (C.  C  Stewart). 

CmitrActions  at  difTrrciit   tcm|>rrature«  «*ith  the  same  itrength  of  stimulus. 
The  leEinpcratnrc*  (Centigrade)  are  marked  on  the  curves. 


resistance,  especially  ^it  the  bcginninR  of  its  contraction,  is  greater 
than  would  be  the  ciisc  when  the  muscle,  contracting  isotonically. 
had  attained  tlie  same  length. 

The  work  done  by  a  muscle  in  raising  a  weight  is  equal  to  tlie 
prtKluct  of  the  weight  by  the  height  to  which  il  is  raised.  Beginning 
with  no  load  at  all,  it  is  found  that  the  weight  can  be  increased  up  to 
a  certain  hmit  w^ithout  diminishing  the  height  of  the  contraction  ; 
perhaps  the  height  may  even  increase.  Up  to  this  Umit,  then,  the 
work  evidently  increases  with  the  load.  It  the  weight  is  made  still 
greater,  the  contraction  becomes  less  and  less,  but  up  to  another 
Emit  the  increase  of  weight  more  than  comjx^n&itcs  for  the  diminu- 
tion of  '  lift.'  and  the  work  still  increases.  Beyond  this,  further 
increase  of  weight  can  no  longer  make  up  for  the  lessening  of  the 
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lift,   and   the   work   falls   off 
ultimately  the   muscle  is  unable 
to  raise  the  weight  at  all. 

The  manner  of  application  of 
the  weight  has  an  influence  on 
the  work  done  by  the  muscle.  If 
it  is  api)licd  before  the  contrac- 
tion begins,  so  that  the  muscle  is 
already  stretched  at  the  moment 
of  stimulation,  a  cause  of  error 
and  uncertainty  is  introduced  ; 
for  it  is  known  that  mere  stretch- 
ing of  muscle  affects  its  meta- 
bolism, and  therefore  its  func- 
Uonat  power.  So  that  it  is  usual 
in  experiments  of  this  kind  to 
after-load  the  musclc^that  is,  to 
support  the  lover  and  its  load  in 
such  a  way  that  the  weight  does 
not  come  upon  the  muscle  till 
contraction  hps  just  hcf^un.  The 
'  absolute  contractile  force  '  of  an 
active  muscle  may  be  measured 
on  this  principle  by  determining 
the  weii^iht  which,  brought  to 
bear  upon  the  muscle  at  the 
instant  of  contraction,  is  just 
able  to  prevent  shortening  with- 
out stretching  the  muscle.  It, 
of  course,  dej^»cnds,  among  other 
things,  on  the  cross-section  of  the 
muscle.  During  the  contraction 
the  absolute  force  diminishes 
continually,  so  that  a  smaller 
and  smaller  weight  is  sufficient 
to  stop  any  further  contraction, 
the  more  the  muscle  has  already 
shortened  before  it  is  appbcd. 
At  the  maximum  of  the  contrac- 
tion the  absolute  force  is  zero. 
Hence  a  muscle  works  under  the 
most  favourable  conditions,  when 
the  weight  decreases  as  it  is 
raised,  and  this  is  the  case  ^vith 
m.iny  of  the  muscles  of  the  body. 
During  flexure  of  the  forearm  on 
the  elbow,  with  the  upper  arm 
horizontal,  a  weight  in  tnc  hand 
is  felt  less  and  less  as  it  is  raised. 
since  its  moment,  which  Is  pro- 
portional to  its  distance  from  a 
vertical  line  drawn  thrrmgh  tho 
lower  end  of  the  humerus,  con- 
tinually diminishes. 

(&)  Jnflutnu  of  Temperature  on  the  Muscular  Contraction, — 
Increase  of  temperature  of  the  muscle  up  to  a  certain  limit 


Fig.  31 1. — FATic.uRCrHVEor  Muscle: 

Frog's  Gastkocnemius. 

Bcluw  i&  fehuwu  ihc  airangemcQt 
with  which  the  curve  figu^{^d  was 
obtained.  A.  femur  with  gastrocnemius 
jittached.  supported  in  rUnip  :  C. 
metal  book  with  fine  wire  atiacbcd 
to  lever  F.  The  wire  i%  continued 
along  the  lever  and  connected  with  a 
sewing<nec<lle,  thf  point  oi  which  just 
dip*  into  the  mercury  cup  D.  A  wire 
ivyxi  '.int'  pole  of  the  Daniel!  cell  E 
dips  permanently  into  the  mercury  ; 
the  wire  B  from  the  other  pule  is 
attached  to  the  upper  end  of  the 
muscle  or  the  clamp.  Or  a  wire  im 
the  lever  may  be  made  to  close  and 
open  the  )>rtni.'iry  circuit  nf  an  indur- 
torium.  the  muscle  or  nerve  being 
coanerlrd  with  the  scrntidary.  Kvery 
lime  the  uerdlc  touches  the  mercury 
the  musrir  is  sttmulaled  automatically. 
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diminishes  the  latent  period  and  the  length  of  the  curve,  and 

increases  the  height  of  the  contraction,  but  beyond  this  limit 

the  contractions  are  lessened  in 

height     (Fig.     209).      Marked 

diminution    of     temperature 

causes,  in  general,  an  increase  in 

the  latent  perirxl  and  length,  and 

a  decrease  in  the  height  ol   tlu* 

contraction.     It    is  evident  that 

much  dcjMinds  upon  the  normal 

tem}>craturc  which  we  start  fron^ 

and    moderate    cooling    may   in 

crease  the  height  of   the  curvr 

In  the  heart  the  effect  of  coltl  in 

strengttioning   the   beat   is  often 

very    marked.      Temperature 

affects  the  contraction  curve  ol 

smooth  muscle  much  in  the  same 

way  as   that  of  striated  muscle 

(Fig.  210).     Up   to  40^  there   is 

an  increase  in  the  height  and  a 

diminution  in  the  length  of  the  curve.    Above  that  temjjeraturc 

the    height    is    diminished-     The    latent    period   is    markedly 

diminished  by  heat  (from  35  seconds  at  10^  C.  to  0*2  seconds 

at4o'^C.)  (C.t.  Stewart). 

(c)  Influoicc  of  Previous  Stimulation — Fatigue. — If  a  muscle 
is  stimulated  by  a  series  of  equal  shocks  thrown  in  at  regular 


Fig.  aij.— 'Staircase  '  in  Skklk- 
TAL  Muscle  :  Frog. 

Stimulation  by  arruigrment  ihoum 
in  Fig.  :XT. 


Fig.  211. — 'Staihcask*  iv  rARDiA<    Mf^.ir. 

Contracu»it&  rcc(>rdr<l  <<ii  a  much  more  qujcklv  luuviii^  drum  tliaii  in  Fig.  2t2. 
The  contractioos  were  Liusi'd  by  stimuUtinf;  a  heart  reduced  to  standstill  by  the 
first  Stanoius'  ligature  (p.  134].     The  contrartions  gradually  increase  in  height. 


interx'als,  and  the  contractions  recorded,  it  is  seen  that  at  first 
each  curve  overtops  its  predecessor  by  a  small  amotmt.  This 
phenomenon,  which  is  regularly  seen  in  fresh  skeletal  muscle 
(Fig.  212),  although  it  was  at  one  time  supposed  to  be  jieculiarly 
a  property  of  the  muscle  of  the  heart  (Fig.  213),  is  called  the 
'  staircase/  and  seems  to  indicate  that  within  limits  the  muscle 
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is  benefited  hy  contraction  and  its  excitability  increased  lor  a 
new  stimulus.  Soon,  however,  in  an  isolated  preparation,  the 
contractions  begin  to  decline  in  height,  till  the  muscle  is  at 
length  utterly  exhausted,  and  reacts  no  longer  to  even  the 
strongest  stimulation  (Figs.  211,  216). 

A  conspicuous  feature  of  the  contraction-curves  of  fatigued 
muscle  is  the  progressive  lengthening,  which  is  much  more 
marked  in  the  descending  than  in  the  ascending  periods  ;  in  other 
words,  relaxation  becomes  more  and  more  difficult  and  imperfect 
(Fig.  215).  In  smooth  muscle  (cat's  bladder  or  ring  from  frog's 
stomach)  fatigue  can  be  very  easily  demonstrated  in  the  same 
Nvay,  and  the  curves  present  similar   features,  witli  the  excep- 
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314, — Ergograph  (Mos^o's.  MoutPiKD  uv  Lohbakd). 

lion  that,  instead  of  becoming  longer  in  fatigue,  the  successive 
contractions  become  shorter. 

It  is  by  no  means  so  easy  to  fatigue  a  muscle  still  in  connec- 
tion with  the  circulation  as  an  isolated  muscle.  But  even  the 
latter,  if  left  to  itself,  will  to  some  extent  recover,  and  be  again 
able  to  contract,  although  exhaustion  is  now  more  readily 
induced  than  at  first. 

In  man,  muscular  fatigue  can  be  studied  by  means  of  an 
arrangement  called  an  orgograph  (Fig.  214).  A  record  of  suc- 
cessive contractions,  say.  of  one  of  the  flexor  muscles  of  a  finger, 
in  raising  a  weight  (iso-ionic  method)  or  in  deforming  a  spring 
(iso-metric  method)  is  taken  on  a  drum.  Wlien  the  contractions 
are  refjeated  every  second,  or  every  half-second,  distinct  evidence 
of  fatigue  is  seen  on  the  tracing  after  a  longer  or  shorter  period, 
according  to  the  ronditirms. 

What  is  the  cause  of  muscular  fatigue  ?     An  exact  answer  is 


MUSCLE  ^MF  57K 

not  possible  in  the  present  state  of  our  knowledge,  but  we  may 
fairly  conclude  that  in  an  isolated  preparation  it  is  twofold  : 
(t)  The  material  necessary  for  contraction  breaks  down  more 
quickly  than  it  can  be  reproduced  or  brought  to  the  place  where 
it  is  required  :  {2)  waste  products  are  formed  by  the  active 
muscle  faster  than  they  can  be  removed.  That  even  an  isolated 
muscle  has  a  certain  store  ol  the  material  needed  for  contraction 
which  cannot  be  all  exhausted  at  once,  or  which  can  to  a  certain 
extent  be  replenished  by  processes  going  on  in  the  muscle,  is 


Fin.  21^. — Fatigue  Curve  of  Skeletal  MusCLE  ;    Gastro:nemii  »  uh  FHon. 

Indirect  stimulathxi  ;    taken   with   jurangetucnt   shown   in   Fig.  33  (.      Time 
tracing,  f  ^  of  a  second. 

shown  by  the  beneficial  effect  of  more  rest.  That  the  accumula- 
tion of  fatigue  pro*[uctft  has  something  to  do  with  the  exhaustion 
is  shown  by  the  fact  that  the  muscles  of  a  frog,  exhausted  in 
spite  of  the  continuance  of  the  circulation,  can  l>e  restored  by 
bleeding  the  animal,  or  washing  out  the  vessels  with  physiological 
salt  solution,  while  injection  of  a  watery  extract  of  exhausted 
muscle  into  the  bloodvessels  of  a  curarixed  muscle  renders  it 
less  excitable  (Kankc).  This  obser\'er  supposed  that  it  was 
specially  the  removal  of  the  acid  products  of  contraction  (sarco- 
lactic  acid  aud  acid  potassium  j^hosphate)  which  restored  the 
muscle.     Injection   of  arterial   blood,  or  even  ol  an  oxidizing 
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agent    like    |x>tassium    permanganate,    into    the   vessels    of   an 
exhaustL'd  muscle  aho  causes  restoration  (Kronecker). 

Seat  of  Exhaustion  in  Fatigue. — When  a  fatigued  muscle 
responds  no  longer  to  indirect  stimulation,  it  can  still  be  directly 
excited.  The  scat  of  exhaustion  must  therefore  be  either  the 
nerve-trunk  or  the  nerve-endings  It  is  not  the  nerve-trunk 
which  is  first  fatigued,  for  this  still  shows  thi?  negative  variation 
on  being  excited.  And  if  the  two  Rciatic  nerves  of  a  frog  or 
rabbit  be  stimulated  continuouslv  with  interrupted  currents  of 
equal  strength,  while  the  excitation  is  prevented  from  reaching 
the  muscles  of  one  limb  till  those  of  the  other  cease  to  contract 
it  will  be  found  that  when  the  '  block  *  is  removed  the  cor- 
responding muscles  contract  vigorously  on  stimulation  of  their 
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Fig.  216. — Fatigub  Curve  takem  on  a  Slowlv  Moving  Druic  (Reduced 
TO  Half):  Fkog's  Gastrocnemius. 

Excited  through  the  sciatic  nerve  by  maximal  shocks  once  hi  six  leconds. 

nerve.  The  jmssage  of  a  constant  current  through  a  portion  of 
the  nei^ve  or  the  application  of  ether  between  the  [wint  of  stimula- 
tion and  the  muscles  maj"  be  used  to  prevent  the  excitation  from 
passing  down  (p.  622).  Or  a  dose  of  curara  just  sufficient  to 
paralyze  the  motor  endings  may  be  given  to  a  rabbit,  and  the 
animal  kept  alive  by  artificial  respiration.  The  sciatic  is  now 
stimulated  for  many  hours.  Nevertheless,  as  soon  as  the 
influence  of  the  curara  l>egins  to  wear  off,  the  muscles  of  the 
leg  contract. 

Tlie  jxissible  seats  of  fatigue  caused  by  voluntary  muscular 
contraction  are  (i)  the  muscle,  (2)  the  nerve-endings,  (3)  the 
nerve-trunk,  and  (4)  the  path  of  the  voluntary  motor  impulses 
in  the  central  nervous  system,  which  includes  the  pyramidal 
cells  in  the  motor  region  of  the  cerebral  cortex  (p.  685),  the 
fibres  of  the  pyramidal  tract,  and  the  motor  cells  in  the 
anterior  horn  of  the  spinal  cord.  Acltial  ergographic  experi- 
ments (Mosso  and   Maggiora,   Lombard)    (j>.  b22)  have  shown 
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that  fatigue  after  voluntary  effort  is  due  to  central  changes, 
and  not  entirely  to  changes  in  the  muscles  and  nerves  them- 
selves, for  electrical  stimulation,  either  of  a  '  tired'  muscle  or 
of  its  nerve,  is  readily  responded  to  at  a  time  when  the  weight 
cannot  be  raised  by  voKmtary  contraction.  Now,  there  is  no 
reason  to  sup|XJse  that  the  nerve-fibres  in  the  central  nervous 
system  differ  essentially  from  those  of  peripheral  nerves,  and 
therefore  no  reason  for  jjlacing  the  seat  of  the  fatigue  any- 
where in  the  pyramidal  fibres,  except  jTerhaps  in  their  terminal 
fibrils  in  the  cord,  which  correspond  to  the  endings  of  the 
peripheral  fibres  in  the  muscles.  The  only  other  portions  of 
the  voluntary  motor  path  besides  these  terminal  fibrils  that  are 
likely  to  become  easily  fatigued  are  the  nerve-cells  of  the  cortex 
and  the  cord.  These  central  structures  we  must  consider  the 
weakest  links  in  the  chain,  the  next  weakest  link  being  the 
motor  endings  in  the  muscles,  and  the  strongest  the  nerve-fibres. 
The  motor-endmgs 
do  not,  in  general, 
break  down  in 
voluntary  contrac- 
tion, because  the 
central  apparatus 
becomes  sooner 
fatigued.  It  is  not 
inconsistent  with 
these  facts  that  a 
muscle,  fatigued  by 
direct  electrical 
stimulation,  can  still 
voluntary  excitation 
stimulus. 

It  has  been  shown  that  the  injection  of  the  blood  of  an  animal 
exhausted  by  running  or  other  muscular  effort,  into  the  circula- 
tion of  a  normal  animal  produces  in  the  latter  all  the  symptoms 
of  fatigue.  Here  the  fatigue-producing  substances  will  have 
the  opp)ortunity  of  acting  on  both  the  central  and  the  i>eripheral 
mechanisms.  \Vhate\'er  these  substances  are.  free  lactic  acid 
cannot  be  one  of  them,  for  the  blood  of  the  fatigued  animal 
is  alkaline.  Nor  is  combined  lactic  acid  the  efficient  agent, 
since  lactates  do  not  produce  tlie  phenomena. 

(d)  The  Influence  of  Drugs  on  the  Contraction  of  Muscle. — 
The  total  work  which  a  muscle  can  perform,  its  excitability 
and  the  absolute  force  of  the  contraction,  may  all  be  altered 
either  in  the  plus  or  the  minus  sense  by  drugs.  But  in  connec- 
tion with  our  present  subject  those  drugs  which  conspicuously 
alter  the  form  and  time-relations  of  the  muscle-curve  have  most 
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interest.  Of  these  veralria  is  especially  important.  When  a 
small  quajitity  of  this  substance  is  injected  below  the  skin  of 
a  frog,  spasms  of  the  vohintary  muscles,  well  marked  in  the 
hmbs,  come  on  in  a  few  minutes.  These  are  attended  with 
great  stiffness  of  movement,  fur  while  the  animal  can  contract 
the  extensor  muscles  of  its  legs  so  as  to  make  a  spring,  they 
relax  very  slowly,  and  some  time  elapses  before  it  can  spring 
again.  If  it  be  killed  before  the  reflexes  are  completely  gone, 
the  jieculiar  alterations  in  the  fnrm  of  the  muscle-curve  caused 
by  veratria  will  be  most  marked.  The  poisoned  muscle,  stimu- 
lated directly  or  through  its  nerve,  contracts  as  rapidly  as  a 
normal  muscle,  while  the  height  of  the  curve  is  about  the  same, 
but  the  relaxation  is  enormously  prolonged  (Fig.  218).  This 
effect  seems  to  be  to  a  considerable  degree  de|>endent  on  tem- 
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Fig.  2iB. — Veratria  Curvk  compared  with  Normal:    Froc/s 
Gastrocnemu's. 

The  tuning-fork  marks  hundredths  of  a  second.  Between  i  and  2  a  portion 
of  tb«  tracing  ccurespondinf;  to  uue  and  a  half  seconds  has  been  cut  out,  aod 
between  2  and  3  a  portion  corresponding  to  one  second,  ITie  veratria  curve 
does  not  shdw  a  peak.     Ai  3  it  has  not  yet  fallen  to  the  bose-lioe. 


perature,  and  it  may  temporarily  disappear  when  the  muscle 
is  made  to  contract  several  times  without  pause.  Adrenalin, 
barium  salts,  and,  in  a  less  degree,  those  of  strontium  and 
calcium,  have  an  action  on  muscle  similar  to  that  of  veratria. 
Sometimes  the  curve  shows  a  peak  (Fig.  217),  dne  to  a  rapid 
descent  of  the  lever  for  a  certain  distance.  This  is  followed  by 
a  slow  relaxation.  The  peak  appears  to  be  analogous  to  the 
initial  contraction  when  a  strong  voltaic  current  is  passed 
through  a  muscle,  and  the  rest  of  the  curve  to  the  tonic  con- 
traction. 

{e)  The  individuality  of  the  muscU  itself  has  an  influence  on 
the  miLScle-curve.  Not  only  do  the  muscles  of  different  animals 
vary  in  tlie  rapidity  of  contraction,  but  there  are  also  differences 
in  the  skeletal  muscles  of  the  same  animal. 

In  the  rabbit  there  are  two  kinds  of  striped  muscle,  the  red  and 
the  pale  (the  semitendinosus  is  a  red,  and  the  adductor  magnus  a 
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palu  muscle),  and  the  contraction  of  the  former  is  markedly  slower 
than  lliat  of  the  latter.  In  many  fishes  and  birds,  and  in  some 
insects,  a  similar  ditlcrence  of  colour  and  structure  is  present, 
althaufih  a  physioki)^ical  distinction  has  not  here  been  worked  out. 

Even  where  there  is  no  distinct  histoIoRical  difference,  there  may 
be  great  variations  in  the  Icn-^th  of  contraction.  In  the  frog,  for 
instance,  the  hyoglosstis  muscle  contracts  much  more  slowly  than 
the  ^gastrocnemius.  The  wave  of  contraction,  which  in  frogs' 
striped  mu.sclclasts  only  about  007  second  at  any  point,  may  last  a 
second  in  the  forceps  muscle  of  the  crayfish,  tfiough  only  half  as 
long  in  the  muscles  of  the  tail.  In  the  muscles  of  the  tortoise  the 
contraction  is  also  very  slow.  The  muscles  of  the  arm  of  man 
contract  more  quickly  than  those  of  the  leg. 

Summation  of  Stimuli  and  Superposition  of  Contractions. — 

Hitlit,*iU>  \\\r  have  considered 
a  single  muscular  contraction 
as  arising  from  a  single  stimu- 
lus, and  we  have  assumed  that 
the  muscle  has  completed  its 
curve  and  come  back  to  its 
original  length  before  the 
next  stimulus  was  thrown 
in.  We  have  now  to  inquirv 
what  happens  when  a  second 
stimulus  acts  upon  the 
muscle  during  the  contrac- 
tion caused  by  a  first  stim- 
ulus, or  during  the  laten  t 
]>eriod  before  the  contrac- 
tion has  actually  begun  ; 
and  what  bajipens  when  a  whole  series  of  rapidly-succeeding 
stimuli  are  tlxrown  into  the  muscle. 

First,  let  us  take  two  stimuli  separated  by  a  smaller  interval 
than  the  latent  pcriotl  (p.  562).  If  they  are  both  maximal — i.e,, 
if  each  by  itself  would  produce  the  greatest  amount  of  contrac- 
tion of  which  the  muscle  is  cajable  when  excited  by  a  single 
stimulus — the  sticond  has  no  effect  whatever,  the  contraction 
is  precisely  the  same  as  if  it  had  never  acted.  But  if  they  are 
less  than  maximal,  tlic  contraction,  although  it  is  a  single  con- 
traction, is  greater  than  would  have  lx;en  due  to  the  first  stimulus 
alone  ;  in  other  words,  the  stimuli  have  been  summed  or  added  to 
each  other  during  the  latent  period  so  as  to  produce  a  single  result. 

Next,  let  us  consider  the  case  of  two  stimuli  separated  by 
a  greater  interval  than  the  latent  period,  so  that  the  second 
falls  into  tlie  muscle  during  the  contraction  produced  by  the 
first.  The  result  here  is  very  different :  traces  of  two  contrac- 
tions ap|>ear  upon  the  muscle-curve,  the  second  cur\^e  being 
that  which  the  second  stimulus  would  have  caused  alone,  but 
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I  is  the  curve  when  uuly  occ  stimulus 
is  throwu  in  ;  3,  when  a  second  stimulus 
acts  at  the  lime  when  curve  1  has  nearly 
reached  its  maximum  height. 
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rising  from  the  j>oint  which  the  first  had  reached  at  the  moment 
of  the  second  shock  (Fig.  219).  Although  the  first  curve  is  cut 
short  hi  this  manner,  the  total  height  of  the  contraction  is 
greater  than  it  would  have  been  had  only  the  first  stimulus  acted  ; 
and  this  is  true  even  when  both  stimuli  are  maximal.  Under 
favourable  circumstances,  when  the  second  cur%'e  rises  from 
the  apex  of  the  first,  the  total  height  may  be  twice  as  great  as 
that  of  the  contraction  wliich  one  stimulus  would  have  caused 
(p.  625).  It  is  worthy  oi  note  that  striated  muscle  has  no 
power  of  summation  of  subminimal  stimuli,  each  of  which  is 
just  too  weak  to  cause  contraction.  No  matter  how  rapidly 
they  are  thrown  in,   the  muscle  remains  at  rest.     It  is  other- 
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Fig.  230. — ^TsTANus. 

I,  3  itimuli  per  second  :  2,  13  per  second  ;  3,  13  per  second,  when  muscle  was 
mare  exhausted  than  in  3. 

wise  with  smooth  muscle.  Stimuli  which  are  singly  ineffective 
c^use  contraction  when  repeated. 

Tetanus. — Not  only  may  we  have  superposition  or  fusion 
of  two  contractions,  but  of  an  indefinite  number ;  and  a 
series  of  rapidly  following  stimuli  causes  complete  tetanus  of 
the  muscle,  which  remains  contracted  during  the  stimulation, 
or  till  it  is  exhausted  (Fig.  220). 

The  meaning  of  a  complete  tetanus  is  readily  grasped  if, 
beginning  with  a  series  of  shocks  of  such  rapidity  that  the 
muscle  can  just  completely  relax  in  the  intervals  between  suc- 
cessive stimuli,  we  gradually  increase  the  frequency  (p.  625). 
As  this  is  done,  the  ripples  on  the  curve  become  smaller  and 
smaller,  and  at  last  fade  out  altogether.  The  maximum  height 
of  the  contraction  is  greater  than  that  produced  by  the  strongest 
single  stimulus  ;  and  even  after  complete  fusion  has  been  attained, 
a  further  increase  of  the  frequency  of  stimulation  may  cause  the 
cup/e  still  to  rise. 
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It  is  evident  from  what  has  been  said  that  the  frequency  of 
stimulation  necessiiry  for  complete  tetanus  will  depend  upx>n 
the  rapidity  with  which  the  muscle  relaxes  ;  and  everything 
which  diminishes  this  rapidity  will  lessen  the  necessary  frequency 
of  stinnilation.  A  fatigued  muscle  may  be  tetani/ed  by  a 
smaller  nuiniicr  of  stimuli  per  second  than  a  fresh  muscle,  and 
a  cooled  by  a  smaller  tminlior  than  a  heated  muscle.  The  stri]>ed 
muscles  of  inserts,  which  can  contract  a  million  times  in  an 
hour,  require  300  stimuli  \ter  second  for  complete  tetaims,  those 
of  birds  100,  of  man  40,  the  torpid  muscles  of  the  tortoise  only  3. 
The  pale  muscles  of  the  rabbit  need  20  to  40  excitations  a  second, 
the  red  muscles  only  10  to  20  ;  the  tail  muscles  of  the  crayfish 
40,  but  the  muscles  of  the  claw  only  ()  in  winter  and  20  in  summer. 
The  gastrocnemius  of  the  (rojL^  requires  30  stinuili  a  second,  the 
hyoglossus  muscle  only  lialf  that  numl>er  (Kichet).  The  fre- 
quency of  stimulation  necessary  for  complete  tetanus  of  un- 
striped  muscle  is  much  less  than  for  striped  muscle.  Smooth 
tetanus  of  a  band  of  muscle  from  the  frog's  stomach  was  obtained 
with  strong  opening  induction  shocks  at  the  rate  of  i  in  5  seconds. 

VV*e  see,  then,  that  there  is  a  lower  limit  of  frequency  of  stimula- 
tion below  which  a  given  muscle  cannot  be  completelv  telanired, 
and  the  question  arises  whether  there  is  also  an  upper  limit  beyond 
which  a  series  of  stimuli  becomes  too  rapid  to  produce  complete 
tetanus,  or,  indeed,  to  cause  contraction  at  all.  \Vc  may  be  certain 
that  everv  stimulus  requires  a  finite  time  to  produce  an  eflect,  and 
it  is  possible  that  if  the  duration  of  each  shock  were  reduced  below  a 
certain  minimum,  without  lessening  at  the  same  time  the  interval 
between  successive  excitations,  no  contraction  would  be  caused  by 
any  or  all  of  the  stimuli  in  the  series.  But  above  tliis  mmimum 
there  apiKirently  Ues  a  frequency  of  stimulation— at  least,  when  the 
interval  between  tlie  stimuli  is  reduced  exactly  in  the  same  pro- 
lx>rtion  as  the  duration — at  which  an  interrupted  current  comes  to 
act  hkc  a  constant  current,  causing  a  single  twitch  at  its  commence- 
ment or  at  its  end.  but  no  contraction  during  its  passage. 

As  to  this  last  limit,  on  the  fixing  of  which  much  labour  has  been 
expended  without  any  harmony  of  result,  it  undoubtedly  does  not 
depend  upon  the  frequency  of  stimulation  alone ;  the  intensity  of  the 
individual  excitations,  the  temperature  of  the  muscle,  and  probably 
other  factors,  affect  it.  Kor  Bernstein  found  that  with  moderate 
strength  of  stimulus  tetanus  failed  at  about  i-;o  ^icr  second,  and  was 
replaced  by  an  initial  contraction  :  with  strong  stimuli  at  more  than 
1,700  per  second,  tetanus  could  stiJl  be  obtained.  Kroneckcr  and 
Stirling,  stimulating  the  muscle  by  a  novel  and  ingenious  method 
(by  induced  currents  set  up  in  a  coil  by  the  longitudinal  vibra- 
tions of  a  magnetized  bar  of  iron),  saw  tetanus  even  at  24,000 
stimuli  a  second  ;  while  v.  Kric-s  in  a  cooled  muscle  found  tetanus 
replaced  by  the  simple  initial  twitch  at  too  stimuli  per  second, 
although  in  a  muscle  at  _^8°  C.  stimulation  of  ten  times  this  frequency 
still  caused  tetanus.  But  it  is  doubtful  whether  the  electrical 
method  of  stimulation  is  cajwble  of  solving  the  problem,  because 
of  the  difficulty  of  being  sure  that  tlic  number  of  excitations  is  the 
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same  as  the  nominal  number  of  shocks,  all  the  more  that  even  very 
short  currents  Itave  alterations  of  conductivity  and  excitability 
behind  thcni  (Sewall).  wliich  wl*  shall  have  to  discuss  in  another 
chapter  (p.  ftoo). 

It  is  only  while  tlie  actual  shortening  is  taking  place  that  a 
tetanized  muscle  can  do  external  work.  But,  although  during 
the  maintenance  of  the  contraction  no  work  is  done,  energy  is 
nevertheless  being  expende*],  for  the  metabolism  of  a  muscle 
during  tetanus  is  greater  than  during  rest.  Among  other  changes, 
the  carbon  dioxide  given  off  is  increased,  and  lactic  acid  pro- 
duced. And  ujion  the  wiiole  a  muscle  is  more  quickly  exhausted 
by  tetanus  than  liy  successive  single  contractions,  although 
there  are  great  differences  between  different  muscles.  For 
example,  the  muscles  which  close  the  forceps  of  the  crayfish 
or  lobster  have,  as  everyone  knows,  the  jwwer  of  most  obstinate 
contraction.  Richet  tetanized  one  for  over  seventy  minutes, 
and  another  for  an  hour  and  a  half,  before  exhaustion  came  on, 
while  a  tetanus  of  a  single  minute  exhausted  the  muscles  of  the 
crayfish's  tail.  The  gastrocnemius  of  a  summer  frog  kept  up 
for  twelve  minutes,  and  a  tortoise  muscle  for  forty  minutes. 

CouUnuuus  siimulation  is  not  always  ncccssarj^  for  the  production 
of  continuous  contraction  ;  in  some  conditions  a  single  stimulus  is 
sufficient.  A  blow  with  a  hard  instrument  may  cause  a  dying  or 
exhausted,  and  in  thin  j)ersons  even  a  fairly  normal,  muscle  to  pass 
into  long-continued  contraction.  This  so-called  '  idio-muscular  ' 
contraction  seems  to  depend,  in  part  at  least,  on  the  great  intensity 
of  the  stimulus.  It  can  sometimes  be  obtained  in  the  frog's  gastroc- 
nemius, particularly  in  spring  after  the  winter  fast.  It  is  not  a 
tetanus  and  is  not  propagated  along  the  muscular  fibres,  as  an 
electrical  tetanus  is.  but  remains  localized  at  the  spot  where  it  arises. 
Similar  non-tetanic  contractions  have  already  been  mentioned. 
such  as  tlie  tonic  contraction  during  the  passage  of  a  strong  voltaic 
current  and  the  sustained  vcratria  contraction.  Ammonia  causes 
also  a  long  but  non-tetanic  contraction,  and  this,  too,  docs  not  spread 
when  the  substance  has  acted  only  on  a  portion  of  the  muscle.  The 
contraction  force  of  all  thase  tonic  contractions,  as  measured  hy  the 
resistance  necessan,'  to  overcome  or  prevent  them,  is  less  than  the 
contraction  force  in  electrical  tetanus  (Schcnck). 

The  rate  at  which  the  wave  of  muscular  contraction  travels 
may  be  measured  by  stimulating  the  muscle  at  one  end,  and 
recording,  by  means  of  levers,  the  movements  of  two  points  of 
its  surface  as  far  apart  from  each  other  as  possible.  Time  is 
marked  on  the  tracing  by  means  of  a  tuning-fork,  and  the  dis- 
tance between  the  points  at  which  the  two  curves  begin  to  rise 
from  the  base-line  divided  by  tlie  time  gives  the  velocity  of  the 
wave.  Another  method  is  founded  upon  the  measurement  ol 
the  rate  at  which  the  negative  variation  (p.  636)  passes  over 
the  muscle,  this  being  the  siime  as  the  velocity  of  the  contraction- 
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wave.  In  frog's  muscle  it  is  about  three  metres  a  second,  or 
six  miles  an  hour.  Rise  of  temperature  increases,  fall  of  tem- 
perature lessens  it. 

When  a  muscle  is  excited  through  its  nerve,  the  contraction 
sj>rings  up  first  of  all  about  the  middle  of  each  muscular  fibre 
where  the  ner\'e-fibre  enters  it,  and  then  sweeps  out  in  both 
directions  towards  the  ends.  But  so  long  is  the  wave,  that  all 
part^  of  the  fibre  are  at  the  same  time  involved  in  some  phase 
or  other  of  the  contraction.  And  this  is  the  case  even  when  the 
end  of  a  long  muscle  like  the  sartorius  is  artificially  stimulated. 

The  wave  of  contraction  in  unstriped  muscle  lasts  a  relatively 
long  time  at  any  given  point,  and  in  tubes  like  the  intestines  and 
ureters,  the  walls  of  which  arc  largely  composed  of  smcx)th  muscle 
arranged  in  rings,  the  wave  shows  itself  as  a  gradually-advancing 
constriction  travelling  from  end  to  end  of  the  organ.  There  is  no 
evideucu  tliat  the  contraction  of  smooth  muscular  fibres  is  discon- 
tinuous — that  is,  composed  of  summated  contractions  like  a  tetanus  ; 
it  appears  to  be  a  grcatly-proionged  simple  contraction  of  the  kind 
called  '  tonic'  An  artificial  stimulus,  mechanical  or  electrical, 
causes,  after  a  long  latent  period,  a  very  definitely-locaUzed  contrac- 
tion In  a  rabbit's  ureter,  which  slowly  spreads  in  a  peristaltic  wave  in 
one  or  both  directions  along  the  muscular  tube.  Here,  as  in  the 
cardiac  muscle,  the  excitation  passes  from  fibre  to  fibre,  while  in 
striped  skeletal  muscle  onlv  the  fibres  excited  directly  or  through 
their  nerves  contract.  That  the  rhythmical  contraction  of  the 
heart  is  not  a  tetanus  has  already  licen  seen.  U  is  a  simple  con- 
traction, intermediate  in  its  duration  and  other  characters  between 
the  twitch  of  voluntary  muscle  and  the  tonic  contraction  of  smooth 
muscle.  The  contraction  both  of  unstriped  and  of  cardiac  muscle 
is  lengthened  and  made  stronger  by  distension  of  the  STScera  m 
whose  walls  they  occur,  just  as  a  skeletal  muscle  contracts  more 
powerfully  against  resistance. 

Voluntary  Contraction. — It  is  often  stated  that  the  volun- 
tary contraction  is  a  tctatius,  but  in  favour  of  this  belief  there 
is  little  direct  evidence.  One  of  the  strongest  buttresses  of 
the  theory'  of  natural  tetanus  has  been  the  muscle-sound,  a  low 
rumbling  note  which  can  be  heard  by  listening  with  a  stetho- 
scope over  the  contracting  biceps,  or,  when  all  is  still,  by  stopping 
the  ears  with  the  fingers  and  strongly  contracting  the  masscter 
and  the  other  muscles  concerned  in  closing  the  jaws.*  Dis- 
covered about  eighty  years  ago,  first  by  VVollaston  and  then  by  J 
Erman,  half  a  century  i)assed  away  before  it  was  investigated' 
more  fully  by  Helmholtz.  The  latter  observer,  confirming  the 
results  of  his  predecessors,  put  down  the  pitch  of  tlie  sound  at 
36  to  40  vibrations  per  second.     He  found,  however,  that  little 

♦  In  order  tliat  a  muscular  sound  may  l>c  produced  there  must  bo  m 
certain   abruptness   in    the    conlruction.     Thu».    the    »luwly-coatracting* 
smooth   muscles  do   not   produce  a   sound,   nor  the   slowly-con tractiug 
heart-muscle  of  cold-blooded  aninuds. 
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vibrating  reeds  with  a  rate  of  oscillation  of  about  19-5  per  second 
were  more  afftrcted  when  attached  to  muscle  tlirown  into  volun- 
tary contraction,  than  those  that  vibrated  at  a  smaller  or  a 
greater  rate.  He  therefore  concluded  that  the  fundamental 
tone  of  the  muscle  corresponded  to  this  frequency,  although, 
since  such  a  low  note  is  not  easily  appreciated,  the  soimd  actually 
heard  was  really  its  octave  or  first  harmonic  [p.  248).  The 
objection  has  been  brought  forward  that  the  resonance  tone  of 
the  ear  also  corresponds  to  a  vibration  frequency  of  36  to  40  a 
second.  In  other  words,  this  is  the  natural  rate  of  swing  of  the 
elastic  structures  in  the  middle  ear,  the  rate  they  will  most 
easily  (all  into  if  set  moving  by  an  irregular  mixture  of  faint, 
low-pitched  tones  and  noises,  and  not  compelled  to  vibrate  at 
some  other  rate  by  a  distinct  sound  of  definite  pitch. 

Now,  tliis  resonance  tone  might  be  chcitcd  by  a.  quivering  muscle 
if,  among  many  diverse  rates  of  oscillation  of  different  portions  of 
its  substance,  the  rate  of  _^6  to  40  a  second  anywhere  appeared,  and 
the  note  corresponding  to  the  real  rate  of  vibration  of  the  muscle  as 
a  whole  might  be  overpowered.  Or,  even  if  there  were  no  regular 
rate  of  Wbration  of  the  whole  muscle,  but,  instead,  a  scries  of 
irregular  tremors  or  pulls  due  to  irregularities  in  the  contraction,  con- 
nected with  a  wunt  of  co-ordination  of  all  the  fibres  (Haycraft).  the 
car  might  from  time  to  time  pick  out  of  the  turmoil  of  feeble  aerial 
waves  those  corresponding  to  its  resonance  tone,  just  as  a  tuning- 
fork  or  a  piano-stnng  attuned  to  a  particular  note  would  catch  it 
up  amid  a  thousand  other  sounds  and  strengthen  it. 

But  while  this  renders  it  highly  probable  that  the  resonance 
of  the  ear  contributes  to  the  production  of  the  muscle-sound, 
and  shows  that  we  cannot  from  the  pitch  of  the  muscle-sound 
alone  deduce  the  rate  at  which  the  muscle-substance  is  vibrating, 
it  does  not  invalidate  Helmholtz's  objective  observations  with 
the  oscillating  reeds.  And  several  observers  (Schafer,  Horsley, 
v.  Kries)  have  noticed  periodic  oscillations,  at  the  rate  of  10  or 
12  per  second,  in  the  curves  taken  from  muscles  (Fig.  221), 
contracted  volimtarily  against  a  small  resistance.  When  the 
resistance  is  greater,  the  rate  may  be  as  much  as  18  or  20  a 
second.  In  habitual  movements,  such  as  tliose  employed  by  a 
man  in  his  trade,  the  tremors  are  much  less  coarse  than  m  un- 
accustomed movements.  For  this  reason  the  tremors  of  the  left 
hand  are  greater  than  those  of  the  right  in  execuring  a  movement 
usually  made  with  the  latter  (Eshner).  In  disease  these  tremors 
are  often  increased — e.g.,  in  the  clonic  convulsions  of  epilepsy — 
but  the  frequency  is  the  same.  Similar  vibrations,  and  at  about 
the  same  rate,  are  seen  in  curves  traced  by  muscles  excited 
through  stimulation  of  the  motor  areas  of  the  surface  of  the 
brain.  Since  this  rate  remains  the  same  whether  the  motor 
cortex,  the  corona  radiata,  or  tlie  spinal  cord  is  excited,  and. 
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unlike  the  rate  of  response  to  excitation  of  peripheral  nerves,  is 

iiidt|>endt?ul.  of  thu  frequency  of  stimulation  (su  long  as  the 
rate  of  stimulation  is  greater  than  lo  or  12  a  second),  it  has  been 
sup|x»sed  to  represent  the  rhytlim  witli  which  impulses  are  dis- 
charged from  the  motor  cells  of  the  cord  (Fig.  222).    It  is  probable 


Fio.   aai. — Vihratioms   or  Contkactbd  Arh   Mvsclbs   (Griffiths). 
The  arm  was  stretched  out.  holding  a  weight  of  about  6  kikw. 

that  the  cortical  centres  discharge  at  about  the  same  rate,  for 
not  only  is  it  impossible  to  articulate  more  rapidly  than  eleven 
syllables  ]ier  second,  but  it  Is  impossible  to  reprodnre  the  act 
of  articulation  in  thought  at  a  greater  rate  than  this  (Kichet). 

The  rhythm  of  strychnia  tetanus  in  the  frog  is  about 
8  to  12  per  second.  By  meiins  of  the  capillary  electro- 
meter (p.  541)  large  electrical  oscillations  at  this  rate  can  be 
demonstrated, 
each  of  which  re- 
presents a  short 
tetanic  spasm,  as 
is  shown  by  the 
fact  that  a  num- 
ber of  smaller 
electrical  oscilla- 
tions arc  super- 
pjosed  upon  the 
large  ones  (San- 
derson). 

In  the  case  of 
voluntarily  con- 
tracted muscle 
the  electrical 
changes  suggest  that  each  discharge  causes  a  simple  contraction 
much  more  prolonged  than  the  twitch  of  a  directly  stimulated 
muscle.  This  removes  the  difficulty  of  understanding  how  such  a 
small  number  as  10  contractions  per  second  could  be  smoothly 
fused-    The  electrical  changes  in  the  voluntarily  contracted  muscle 


Fig. 


3ii. — CONTRACTIONS    CAVSBU     BV 

THE  Spin  At  Cord. 
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seem  to  differ  in  amplitude  or  abruptness  from  those  produced 
in  exj>erimental  tetanus.  For  secondary  tetanus  {p,  652)  is 
not  caused  by  muscle  in  voluntary  contraction.  But  this  is 
also  the  case  with  tlie  other  prolonged  contractions  caused  by 
continuous  artificial  stimulation — e.g.^  Ritter's  tetanus  (p.  556) 
and  the  contraction  produced  by  sodium  chloride  or  ammonia. 
We  need  not  hesitate  to  conclude,  then,  that  the  voluntary 
contraction  is  discontinuous,  in  the  sense  that  it  is  not  a  per- 
fectly smooth  and  uniform  tonic  contraction,  altliough  we  still 
lack  a  decisive  proof  that  it  is  maintained  by  a  strictly  inter- 
mittent outflow  of  nervous  energy,  and  not  by  a  continuous 
outflow  causing  a  sustained  contraction,  which,  it  may  be, 
remits  and  is  reinforced  at  intervals.  The  shortest  ]x)ssible 
voluntary  movement  can  be  executed  in  ^n  'o  ng  of  a  second. 
It  must,  therefore,  be  caused  by  a  single  impulse. 

(3)  Thermal  Phenomena  of  the  Muscular  Contraction. — 
When  a  muscle  contracts  its  temperature  rises  :  the  production  of 
heat  in  it  is  increased.  This  is  most  distinct  when  the  muscle 
is  tetanized,  but  has  also  been  proved  for  single  contractions. 
The  change  of  temperature  can  be  detected  by  a  delicate  mer- 
cury or  air  thermometer  :  and,  indeed,  a  thermometer  thrust 
among  the  thigh-muscles  of  a  dog  may  rise  as  nmch  as  1°  to 
2°  C.  when  the  muscles  are  thrown  into  tetanus.  In  the  isolated 
muscles  of  cold-blooded  animals  the  increase  of  temperature 
is  much  less  ;  and  electrical  methods,  which  are  the  most  delicate 
at  present  known,  have  generally  been  used  for  its  detection 
and  measurement. 


They  depend  either  upon  the  fundamental  fact  of  thermo-elec- 
tricity, that  in  a  circuit  composed  of  two  metals  a  current  is  set  up  if 
the  junctions  of  the  metals  are  at  different  temperatures  ;  or  upon 
the  fact  that  the  electrical  resistance  of  a  metallic  conductor  varies 
vrith  its  temperature. 

On  the  former  principle  the  thermopile  has  been  constructed 
(Fig.  22,^),  on  the  latter  the  bolometer,  or  '  electrical-rcsi stance  ther- 
mometer  *  (Fig.  224). 

Where  no  very  fine  differences  of  temperature  are  to  be  measured, 
a  single  thcrmo-junction  of  German  silver  and  iron,  or  copper  and 
iron,  is  inserted  into  a  muscle  or  between  two  muscles.  But  the 
electro-motive  force,  and  therefore  the  strength  of  the  thermo- 
electric current,  is  proportional  for  any  given  pair  of  metals  to  the 
numtjer  of  junctions^  and  for  delicate  measurements  it  may  be 
necessary  to  use  several  connected  together  in  series.  A  thermopile 
of  antimony-bismuth  junctions  gives  a  stronger  current  for  a  given 
difference  of  temperature  than  tlie  same  number  of  German  sih'cr- 
iron  couples,  but  from  its  brittle  nature  is  othcr\visc  less  convenient. 

The  direction  of  the  current  in  the  circuit  is  such  that  it  passes 
through  the  heated  junction  from  bismuth  to  antimonv  and  from 
copper  or  German  silver  to  iron.  Knowing  this  direction,  we  are 
awure  of  the  changes  of  temperature  which  take  pUcc  from  the 
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movements  of  the  mirror  of  the  galvanometer  with  which  the 
pile  is  connected.  The  galvanometer  must  be  of  low  resistance, 
since  the  electromotive  force  of  the  thermo-electric  currents  is 
small,  and  a  high  resistiince  would  cut  down  thoir  into nsitv  too  much. 

The  muscle  which  is 
to  be  excited  is  brought 
into  close  contact  with 
one  junction  or  set  of 
junctions,  the  other  set 
being  kept  at  constant 
temperature  by  im- 
mersing them  in  water, 
or  covering  them  with 
muscle  that  is  not  to  be 
stimulated.  The  image 
will  now  come  to  rest 
on  the  scale  ;  and  ex- 
citation  of    tlie    muscle  Fig.  22^. 

will    cause   a    movement         a.  a  single  coppw-iron  thprmo*eleclnc  couple  : 

indicating  an  increase  of  B-  tw«  Pai«.  o"e  inserted  into  the  tissue  6.  the 

/^  f       *i  other  dipping  into  water  in  a  beaker  a.     The 

temperature     m     it.     the  temperature  of  the  water  may  be  adjusted  so 

amount      of     which     can  that    the    Ralvanometer   shows    no    deflection, 

be    calculated    from    the  The  temperature  of  the  ti«ue  i»  then  the  same 

,   J     ^.  as  that  of  the  water. 

detiectjon. 

In  this  way  Helmholtx  observed  a  rise  of  temperature  of 
014'  to  oiS"*  C.  in  excised  frogs*  muacles  when  tctanized  for 
a  couple  of  minutes. 


B  B 
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Ptu.  224.— Elbctrjcal  Resistanck 

TuiRMOMlfTIR  (NaTLRAL  SiZt). 


As  used  lor  Investigating  beat- 
production  in  maraniAlian  nerves 
ifi  situ.  A.  a  piece  of  h.ird  rubln-r 
in  the  hor>k-«baiH-d  part  of  which 
the  fine  platinum  wire  P  i*  fixed, 
and  covered  with  insulating  var* 
nish  ;  c.  c.  thuk  copper  wire* 
ronnected  with  P.  fastened  In 
BT'Kjves,  and  covered  with  paraffin. 
Above  they  end  in  contact  with 
the  small  binding  poftLs.  B,.  B,. 
U  is  a  hard  rubber  sliding  piece, 
with  a  slot  s.  When  B  i%  in 
position  the  screw,  a.  projects 
through  the  slot.  By  a  nut  on 
this  screw  B  is  fixed  on  A  when 
the  nerve  has  hetn  arranged  in  the 
groovr.  A  similar  larger  arrangr- 
raent  can  l>e  nse.l  fnr  mu%rle. 


Heidenhain,  with  a  very  delicate  pile,  found  a  rise  of  0001*  to 
0*005  °C.  for  a  single  contraction  of  a  frog's  muscle.    On  the 
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assumptioti  tltat  the  pile  had  time  to  take  on  the  temperature 
of  the  muscle  before  there  was  any  appreciable  loss  of  heat, 
this  would  be  equal  to  the  jirofhiction  by  every  gramme  of 
muscle  of  a  tlii>usai)dth  to  ftve-tliousandths  of  a  smaJl  calorie 
{p.  4g8)  of  heat.  From  Fick's  observations,  we  may  take  about 
three-thousandths  of  a  small  calorie  as  the  maximum  produc- 
tion of  a  gramme  of  frog's  muscle  in  a  single  contraction. 

It  is  certain  thnt  when  work  is  done  by  a  muscle  an  equivalent 
amount  is  subtracted  from  its  sura-total  of  eaerg)',  and  under 
proper  conditions  this  can  be  actually  demonstrated  bv  the  deficiency 
HI  the  heat-productuHi.  This  is  done  by  means  o(  a  contrivance 
called  a  work-adder.  It  consists  of  a  wheel,  the  rotation  of  which 
raises  a  weight  attached  to  a  cord  wound  round  its  axle.  The 
muscle  acts  on  the  jxrriphcry  of  the  wheel,  and  by  rotating  it  raises 
the  weight  a  little  at  each  contraction.  At  the  end  of  the  con- 
traction the  wheel  is  prevented  from  moving  back  by  a  catch.  The 
work  done  in  a  series  of  contractions  is  calculated  from  the  total 
height  to  which  the  weiiiiht  Iwis  been  raised.  Suppose  a  irog's 
gastrocnemius  is  made  to  contract  a  certain  number  of  times  wlule 
attached  to  the  work-;!:dder,  and  that  simultaneously  the  lieat- 
production  is  measured  by  means  of  a  thermopile.  Let  //  represent 
the  heat  actually  produced,  and  A  the  heat  equivalent  of  the  work 
done.  Now  let  the  muscle  bo  disconnected  from  the  adder  and 
made  to  raise  the  same  weight,  directly  attached  to  it,  by  a  scries  of 
contractions  elicited  in  precisely  the  same  way  as  the  previous 
ones,  except  that  the  weight  is  allowed  to  fall  \vith  the  muscle 
when  it  relaxes  after  each  contraction.  Here  heat  corresponding 
to  the  external  work  disappears  from  the  muscle  during  tixc  con- 
traction just  as  in  the  fir^t  experiment,  but  this  heat  is  returned 
to  the  muscle  during  the  relaxation,  since  on  the  whole  no  external 
work  is  done.  The  heat  produced  in  the  second  experiment  is 
found,  as  a  m'ltter  of  fact,  allowing  for  unavoidable  errors,  to  be 
equ:d  to  H  +  h. 

Here  the  assumption  is  made  tliat  the  difference  in  the  mechanical 
conditions  during  the  relaxation  {the  muscle  in  the  first  exjxiriment 
relaxing  without  load  but  being  stretched  by  the  weight  as  it  relajces 
in  the  second)  docs  not  attect  the  heat-production.  This  assumption 
has  been  shown  to  l)e  correct,  although  it  was  at  one  time  supposed 
that  clianges  in  the  tension  of  the  muscle  produced  during  the 
relaxation  did  cause  changes  in  the  amount  of  heat  produced.  On 
the  other  hand,  it  has  been  clearly  pro\-cd  thit  the  total  energy' 
transfumicit  during  the  pcri(Kl  of  contraction,  and  the  fraction  of 
it  which  Appcvirs  as  cxtcm.il  muscular  work,  are  greatly  influenced 
bv  the  mechanicU  conditions  under  which  tbe  contraction  takes 
^placr,  A  stretched  muscle,  when  cjiusctl  to  contract,  produces 
T"  ■•-'  •"''•  than  if  it  had  startetl  %\-ilhout  tension,  and  still  more 
'  .  it  is  fixed  so  that  it  cannot  shorten  during  stimulation. 

A  stArtim:  without   tension,  produces  more  heat  when  it 

iiavts  iMimrttKvdlv   thiu  when  it  ocntiacts  tsotonically.     This 
di'tos  not,  h»>\vr\-.!.   rr»>M-  'h.ii  ^ht-  hrat-nmduction 


'Vi  no  wi\rk  is  il- 
whcn  c^miracti  . 

of  tctfciion  *loiM>  G*tt»c«  Bhufti  bMl  to  be 


Wfatn  A  in 


greater 

•Ases  during  excita- 

t>cen  said,  increase 

l^ven  out  bv  an  active  muscle. 


«3Bcited  Uy  mudmal  stimnU,  is  inade  to  lift 
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continuously  increasing  weights,  both  the  work  done  and  the  heat 
given  out  increase  up  to  a  ccrtikiu  limit.  The  muscle,  as  it  were, 
burns  the  candle  at  Ijolh  ends.  Tliis  would  be  of  itself  cnougli  to 
show  that  there  is  no  tixcd  relation  between  the  work  ami  the  heat- 
productioii  :  allhouRii  the  latter  reaches  its  inaxinium  somewhat 
sooner  than  the  former. 

Although  a  loaded  muscle  kept  in  steady  tetanic  contraction  is 
doing  no  work  it  produces  heat,  but  far  less  than  would  be  produced 
if  the  muscle  could  fidly  contract  and  relax  at  each  excitation. 
The  amoimt  of  energy  liberated  by  an  excitation  of  given  strength 
de(>ends,  therefore,  on  the  mechanical  condition  of  the  muscle  into 
which  it  (tills. 

The  fraction  of  the  total  energy  transformed  which  apf^ars 
as  muscular  work  varies  with  the  conditions  of  the  contraction. 
The  greater  tlie  resistance,  so  long  as  the  muscle  can  overcome 
it  so  as  to  do  its  utmost  amoimt  of  external  work,*  the  larger 
is  the  projiortion  of  energy  which  apjuyirs  as  work,  the  smaller 
the  proixjrtioji  which  appears  as  heat.  For  every  niascle, 
under  given  conditions,  there  is  a  certain  load  which  can  be  raised 
more  advantageously  than  any  other  ;  but  even  in  the  most 
favourable  case,  an  excised  frog's  muscle  never  docs  work  equal 
to  more  than  {  of  the  heat  given  off.  (Jenerallv  the  ratio  is 
much  less,  and  may  sink  as  low  as  ^\.  In  the  intact  mammalian 
body  the  muscles  work  somewhat  more  economically  than  the 
excised  frog's  muscles  at  their  best  ;  for  both  experiment  and 
calculation  show  (p.  506)  that  in  a  normal  man  under  the  most 
favourable  conditions  as  much  as  one-third  of  the  energy  is 
converted  into  work.  According  to  Zuntz  and  Katzenstein, 
35  i>er  cent,  of  the  total  energy  appeared  as  muscular  work  in 
climbing  a  mountain*  and  in  bicvcllng  only  25  per  cent.  Move- 
ments which  have  beeji  much  practised  are  more  economically 
performed  than  imaccustomed  ones,  and  this  explains  the 
superior  efficiency  of  the  muscles  concerned  in  climbing,  for 
no  movements  can  jxissiblv  l>e  more  familiar  than  those  con- 
cerned in  locomotion.  In  the  treatment  of  obesity  it  would 
seem  that  tm familiar,  and  therefore  physiologically  ex|.iensive, 
forms  of  exercise  should  be  recommended. 

As  a  nnisclc  becomes  fatigued  it  works  more  economically, 
the  heat-]^roduction  diminishing  more  rapidly  than  its  working 
power.  This  is  an  illustration  of  the  fact  that  the  heat-pro- 
ducing mechanism  and  the  work-producing  mechanism  of  muscle 
are  in  some  res|>ects  distinct,  and  a  variation  in  the  activity  of 
the  one  is  not  necessarily  associated  with  a  corres|K)nding 
variation  in  the  activity  of  the  other. 

•  This  statement,  based  on  experiments  with  excised  frog's  muscles  is 
not,  of  course,  inconsistent  with  the  fact  mentioneil  on  p.  $c^>.  that  in  the 
intact  IkmIv  tlip  fraction  of  the  pnprRV  transformcfl  into  heat  is  greater  in 
hari.1  tlian  m  tnotlcratc  work, 
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(4)  Chemical  Phenomena  of  the  Musctilar  Contraction.^W'e  know 
but  little  regarding  the  chemical  com]K)sition  of  li\'ing  muscle,  since 
most  chemical  operations  cause  the  immedi;ite  death  of  the  tissue. 
The  composition  of  dead  mammalian  muscle  may  be  stated,  in  round 
numbers,  as  foUo\v5.  but  there  are  considerable  variations,  even 
within  the  same  species  : 

Water    -         -         -         -         -         -         -     7S  P^^  ^^^^ 

Proteids -     20         „ 

Fats 2         .. 

Nitrogenous  fJ^^^fA'!!, 

metab'oUtcs  l^-poxlnthin 

Carbo-hydrates    {  ^factic  add  " 

Inosit 

Salts,  cliiefly  carbonate  and  phosphate  of  potassium,  less  than 
I  per  cent.      Potassium  is  absent  from  the  nuclei  (Plate  I.). 

There  is  more  water  in  the  muscles  of  young  than  of  old  animals 
(v.  Bibra).  and  more  in  tetanized  than  in  rested  muscle  (Ranke). 
The  fats  probably  belong  to  a  small  extent  to  the  actual  muscle- 
fibres.  For  even  when  the  visible  fat  is  separated  with  the  utmost 
c^re,  nearly  r  per  cent,  of  fat  still  remains  (Steil).  In  lean  horse- 
flesh Pfluger  found  0*35  per  cent,  of  glycogen,  but  no  sugar.  The 
tot:»l  nitrogen  was  yzx  per  cent,  of  the  moist  tissue.  The  chemical 
composition  of  smooth  muscle,  so  far  as  it  has  been  studied,  does  not 
differ  essentially  from  that  of  striped. 

It  would  be  natural  to  expect  that  the  proteids,  which  bulk 
so  largely  among  the  solids  of  the  dead  muscle,  and  which  are 
so  obviously  important  in  the  living  muscle,  should  be  affected 
by  contraction.  But  up  to  the  present  time  no  quantitative 
difference  in  the  proteids  of  resting  and  exhausted  muscle  has 
ever  been  made  out.  The  following  chemical  changes,  however, 
have  been  definitely  established.     In  an  active  muscle — 

[a)  More  carbon  dioxide  is  produced. 
(6)  More  oxygen  is  consumed. 
ic)  Sarcolactic  acid  is  formed, 
(rf)  Glycogen  is  used  up. 

(e)  The  quantity  of  kreatin  (and  krcatinin)  is  increased. 
(/)  The  substances  soluble  in  water  diminish  in  amount ;  those 
soluble  in  alcohol  increase. 

That  the  carbon  dioxide  is  not  formed  by  direct  oxidation, 
but  by  the  splitting  up  of  a  substance  or  substances  with  which 
the  oxygen  has  previously  combined,  is,  as  has  already  been 
shown  (pp.  231,  233),  highly  probable.  For  (to  recapitulate) 
(a)  no  free  oxygen  exists  in  muscle.  None  can  be  pumped 
out.  (b)  A  frog's  muscle  isolated  from  the  body  will  go  on  con- 
tracting for  a  long  time  in  an  atmosphere  devoid  of  oxygen — 
e.g.y  in  an  atmosphere  of  hydrogen,  (c)  Wlien  artificial  circula- 
is  maintained  through  isolated  muscles,  the  amount  of  carbon 
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dioxide  produced  does  not  run  parallel  with  the  quantity  of 
oxygen  consumed.  The  latter  is  dependent  on  the  temperature 
of  the  muscle,  being  increased  when  the  muscle  is  heated, 
diminished  when  it  is  ciioled.  The  ]>roduction  of  carbon  dioxide, 
on  the  contrary,  is.  within  a  witle  range,  independent  of  the 
temperature. 

Formation  of  Sarcolactic  Acid— Reaction  of  Muscle.  -To  litmus- 
paper  flesh  muscle  is  amphicroic — that  is,  il  turns  red  litmus  blue 
and  blue  htmus  red.  This  is  due,  partly  at  least,  to  the  phosplwtes. 
Monophosphate  (tribasic  phosphoric  acid,  H^FO,.  in  which  one 
hydrogen  atom  is  replaced,  say  by  sodium  or  potassium)  reddens  bhie 
litmus,  while  diphosphate  (where  two  hydrogen  atoms  are  replaced) 
turns  red  Utmus  bhie.  Litmoid  (lacmoid)  ditiers  from  htmus  in  not 
being  affected  by  monophosphates.  Diphosphates  turn  red  litmoid 
blue,  and  so  does  fresh  muscle,  which  has  no  effect  on  blue  litmoid. 
A  cross-section  of  fresh  muscle  is  at>out  neutral  (sometimes  faintly 
acid)  to  turmeric  paper,  which  is  turned  yellow  by  monophosphates. 
A  muscle  which  has  entered  into  rigor  or  has  been  fatigued  by  pro- 
longed stimulation  is  distinctly  acid  to  blue  htmus  and  to  brown 
turmeric,  reddening  the  former  and  turning  the  latter  yellow,  but 
does  not  affect  blue  htmoid.  The  sarcolactic  acid  produced  in  rigor 
and  activity  is  at  once  neutralized,  as  is  shown  by  the  fact  that  blue 
litmoid  paper  is  not  reddened,  as  it  would  be  by  free  sarcolactic 
acid.  The  nevitralization  takes  place  at  the  expense  of  the  sodium 
carbonate  and  disodium  phosphate,  the  latter  being  changed  into 
monophosphate,  which,  in  part  at  least,  causes  the  acid  reaction  to 
turmeric  (Kohmann). 

Glycogen  is  the  one  solid  constituent  of  muscle  which  has 
been  definitely  proved  to  diminish  during  activity.  It  accimiu- 
lates  in  a  resting  muscle,  especially  in  a  muscle  whose  motor 
nerve  has  been  cut  :  rapidly  disap[>ears  from  the  muscles  of  an 
animal  made  to  do  work  while  food  is  withheld  ;  or  from  the 
muscles  of  an  animal  poisrvned  by  strychnia,  which  causes 
violent  muscular  contractions. 

\Vliat  substance  is  the  sarcolactic  acid  formed  from  ?  From 
what  we  know  of  the  production  of  lactic  acid  both  outside  the 
body  and  in  the  intestine  from  carbo-hydrates,  it  might  seem  a 
most  plausible  suggestion  that  in  the  active  muscle  it  comes 
from  glycogen.  But  the  best  evidence  points  the  other  way — 
e.g.,  in  rigor  mortis  sarcolactic  acid  is  produced  just  as  in  mus- 
cular contraction.  Yet  in  rigor  mortis  the  quantity  of  glycogen 
is  unaltered  (Boehm).  The  probability  is  that  the  sarcolactic 
acid  is  formetl  from  proteid. 

Source  of  the  Energy  of  Muscular  Contraction. — The  facts 
just  mentioned  show  that  glycogen  may  be  one  of  the  sources 
of  muscular  energy,  but  it  cannot  be  the  only  source,  for  its 
amount  is  too  small. 

For  example,  the  heart  of  an  average  man,  which  weighs  280 
grammes,  contains  about  60  grammes  of  soUds,  and  among  these  not 
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more  than  t'5  grammes  of  glycogen.  In  twenty- four  hours  it 
produces,  even  on  a  It»w  estimate,  at  least  150,000  calorics  of  heat 
(pp.  ri2,  508),  equivalent  to  the  complete  combustion  of  a  little 
more  than  35  grammes  of  glycogen.  To  supply  this  amount,  the 
whole  store  of  glycogen  in  the  heart  would  have  to  be  used  and 
replaced  every  fifty  minutes.  But  the  accumulation  of  glycogen 
is  immensely  slower  in  the  muscles  of  a  rabbit  made  glycogen-free 
by  strychnia,  and  therefore  we  have  to  look  around  for  some  other 
source  of  energy  to  supplement  the  glycogen.  We  have  already 
brought  forward  ev-idence  (p.  470)  that,  under  ordinary  circum- 
stances, not  a  great  deal,  at  any  rate,  of  the  energy  of  muscular 
contraction  comes  from  the  protcids.  Of  carbo-hydrates,  the  only 
one  except  glycogen  which  is  at  all  adequate  to  the  task  of  supplj-ing 
so  much  energy  is  the  glucose  of  the  blood.  The  quantity  of  blood 
passing  through  the  coronan,'  circulation  lias  been  estimated  at 
30  c.c.  per  100  grammes  of  cardiac  muscle  per  minute  (Bohr  and 
Henhques),  which  would  be  equivalent  for  an  average  man  to  about 
120  litres  in  twenty-four  hours.  This  quantity  of  blood  will  contain 
at  least  150  grammes  of  glucose,  and  about  40  grammes  will  suffice 
to  supply  all  the  heat  produced  by  the  heart.  Of  proteids  a  little 
less  than  35  gramme^s  would  be  needed,  of  fat  16  grammes.  We  see, 
therefore^  how  intense  must  be  the  metabolism  that  goes  on  in  an 
actively  contracting  muscle.  On  any  probable  assumption  as  to  the 
source  of  muscular  cncrg>'  a  quantity  uf  material  equal  to  two- 
tliirds  of  its  suhds  must  be  used  up  by  the  heart  in  twenty-four 
hours.  Or,  to  put  it  in  another  way,  the  heart  reiiuires  not  iess  than 
two-fifths  of  its  weight  of  ordinary  solid  food  in  a  day.  The  body  as 
a  whole  requires  ."ti  to  J^  of  its  weight. 

To  sum  u[> :  It  is  universally  admitted  that  carbo-hydrates 
can  yield  energy  for  muscular  work.  It  has  been  demonstrated 
by  Zuntz  ami  his  pupils  and  by  others  that  fat  can  do  so.  The 
exi>eriments  of  Pfliiger,  to  which  we  have  already  alluded  (p.  471), 
have  shown  that  wliL-n  an  animal  is  fed  on  lean  meat,  the  mus- 
cular work  done  is  far  ((-h:>  ;^real  to  have  come  from  non-proteid 
substances.  We  must  conclude,  therefore,  that  when  carbo- 
hydrates and  fats  are  plentiful  in  the  food,  the  greater  part  of 
the  energy^  of  muscular  contraction  comes  from  them  ;  it  comes 
on  the  other  hand  from  proteids,  when  the  carbo-hydrates  and 
the  fats  are  restricted,  and  the  proteids  plentifully  supplied. 
Not  only  so,  but  these  three  groups  of  food  substances  yield 
muscular  energy  in  isodynamic  relation.  In  other  words,  a 
given  amount  of  muscular  work  requires  the  expenditure  of 
ai>proximately  the  same  quantity  of  chemical  energy,  whether 
it  comes  almost  entirely  from  proteid,  or  chiefly  from  carlx)- 
hydrates,  or  chiefly  from  fat.  Some  observers  have  stated  that 
the  taking  of  even  a  comparatively  small  quantity  of  sugar 
vastly  increases  the  capacity  for  muscular  work  as  measured 
by  the  ergograph  (p.  570).  Rut  although  it  is  not  to  be  doubted 
that  sugar  is  under  normal  circumstances  one  of  the  most  im- 
ant  substances  used  up  in  muscular  contraction,  the  claim 
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that  sugar  is,  par  excdUnce,  the  food  for  muscular  exertion 
has  not  yet  been  made  out. 

Physico-chemical  Conditions  of  Muscular  Contraction. — For  excised 

fresh  muscle  ^  {p.  354)  has  been  estimated  at  o'68°  C.  But  this 
is  probably  higher  than  in  the  living  body,  (or  after  excision  waste 
products,  with  their  relatively  small  anrl  numerous  molecules,  arc 
still  for  a  time  produced,  and  are  no  ]f>ngcr  removed  by  the  blood. 
NVTien  a  muscle,  immersed  in  a  salt  solution  isotonic  with  the  muscle 
substance  is  tetaniaed  water  enters  it.  leading  to  an  increase  in  weight 
and  a  diminutLon  in  specific  gravity  (Loeb,  Barlow).  The  same 
occurs  when  blcKHl  is  circulated  through  active  muscles,  the  blood 
becoming  poorer  in  water  IKankc).  Tliis  is  cxplamcd  by  the 
increase  of  osmotic  pressure  in  the  muscle  substance  which  must 
accompany  the  decomposition  of  large  molecules  into  small. 

So  long  as  the  muscular  fibres  arc  uninjured  they  are  permeable 
or  impermeable  for  exactly  the  same  compoimds  as  other  animal 
and  vegetable  cells.  All  substances  easily  soluble  in  media  like 
ether  or  olive-otl  readily  penetrate  them  (Overton).  To  most  salts 
they  are  relatively  impermeable,  as  is  shown  by  the  fibres  retaining 
their  original  volume  in  isotonic  solutions  of  them.  By  the  salts 
of  the  blood-plasma  m  particular  they  cannot  be  easily  i>enetrated, 
otherwise  the  observed  qualitative  differences — e.g.^  the  preponder- 
ance of  potassium  in  the  muscle  and  sodium  in  the  plasma — could 
not  be  maintained.  Potassium  salts  after  a  time  seem  to  produce 
an  effect  upon  frog's  muscle,  which  alters  its  permeability  so  that 
it  takes  up  water  from  hypertonic  solutions.  Calcium  salts  have 
the  opposite  effect  (Loeb).  Sodium  (and  in  a  minor  degree  lithium) 
salts  have  a  pccuhar  relation  to  the  contraction  of  skeletal  muscle,  for 
which  they  seem  to  be  indispensable.  Yet  sodium  chloride  produces 
a  paralyzing  action  on  the  frog's  motor  nerve-endings,  so  that  after 
perfusion  with  a  solution  of  tliat  salt  stimulation  of  the  motor  nerve 
causes  no  contraction,  or  with  a  slighter  degree  of  paralysis  con- 
traction only  after  a  long  interval.  The  cfiect  can  be  counteracted 
by  solutions  conlaining  calcium  salts  (Locke,  dishing). 

Rigor  Mortis, — When  a  muscle  is  dying,  its  excitability, 
after  i>erhaps  a  temj>orary  rise  at  the  beginning,  diminishes 
more  and  more  until  it  ultimately  responds  to  no  stimulus, 
however  strong.  The  loss  of  excitability  is  not  in  itself  a  sure 
mark  of  death,  for,  as  we  have  st*en,  an  iiiexcitable  muscle  mav 
he  partially  or  completely  restored  ;  but  it  is  followed,  or, 
where  the  death  of  the  muscle  takes  place  very  rapidly.  ;»erhaps 
accompanied,  by  a  more  decisive  event,  the  appearance  of 
rigor.  The  muscle,  which  was  before  soft  and  at  the  same  time 
elastic  to  the  touch,  becomes  firm  ;  but  its  elasticity  is  gone. 
The  fibres  are  no  longer  translucent,  but  opaque  and  turbid. 
If  shortening  of  the  muscle  has  not  been  opposed,  it  may  be 
somewhat  contracted,  although  the  absolute  force  of  this  con- 
traction is  small  compared  with  tliat  of  a  living  muscle,  and  a 
slight  resistance  is  enough  to  prevent  it.  The  reaction  is  now 
distinctly  acid  to  litmus.  This  is  rigor  mortis,  the  death* 
stiffening  of  muscle. 


S90 


A  MANUAL  OF  PHYSIOLOGY 


An  insight  into  the  real  meaning  of  this  singular  and  some- 
times sudden  change  was  first  given  by  the  experiments  of 
Kiihne.  He  took  living  frog's  muscle,  freed  from  blood,  froze 
it,  and  minced  it  in  the  frozen  state.  The  pieces  were  then 
rubbed  up  in  a  mortar  with  snow  containing  i  per  cent,  of  common 
salt,  and  a  thick  neutral  or  alkaline  liquid,  the  muscle-plasma. 
was  obtained  bv  filtration.  This  clotted  into  a  jelly  when  the 
temjjerature  was  allowed  to  rise,  but  at  o°  C.  remained  fluid. 
The  clotting  was  accompanied  by  a  change  of  reaction,  the 
liquid  becoming  acid.  .\n  equally  good,  or  better,  method  is 
to  use  pressure  for  the  extraction  of  the  jilasma  from  the  frozen 
fragments  of  muscle.  A  low  temperature  is  essential,  otherwise  the 
plasma  will  coagulate  rapidly  within  the  injured  muscle.  A  similar 
plasma  can  be  expressed  from  the  skeletal  musclesof  warm-blooded 
animals  (Halliburton),  and  with  greater  difficulty  from  the  heart. 

When  the  muscle,  after  exhaustion  with  water,  is  covered  with  a 
solution  of  a  neutral  salt,  a  5  per  cent,  sohition  of  magnesium  sulphate 
or  10  por  cent-  solution  of  Jimmonium  c.hlnride  being  the  best,  certain 
proteids  are  extracted  which  clot  or  arc  precipitated  much  in  the  same 
way  as  the  muscle-plasma  obtained  by  cola  and  pressure  ;  and  the 
process  is  hastened  bv  keeping  them  at  a  temperature  of  40°  C. 

In  the  extracts  of  mammaliau  muscle  tlu^ee  chief  proteids  arc 
present:  paramyosinogen  (v.  Piirth's  myosin),  coagulated  by  heat  at 
47°  to  50°  C.  ;  myosinogen  (v.  Fiirth's  rayogen),  coaguUiting  at  55* 
to  60"  C.  (usually  about  56")  ;  and  serum-albumin,  coagulating 
about  73'.  There  is  reason  to  believe  that  the  scrum  -  albumin 
belongs  to  the  blood  and  lymph,  and  is  not  a  constituent  of  the 
muscle-fibre.  In  extract  of  frog's  muscle  there  is  in  addition  a 
substance  wliich  coagulates  at  about  40^.  Both  the  paramyosinogen 
and  the  myosinogen,  but  particularly  the  former,  show  a  tendency, 
even  at  ordinary  temperatures,  to  pass  into  an  insoluble  form — 
myosin  (v.  Furth's  muscle  fibrin).  But  whereas  paramyosinogen 
passes  directly  into  myosin,  myosinogen  is  first  changed  into  a 
soluble  modification  (soluble  myosin),  which  coagulates  at  40 *"  C, 
and  seems  to  be  identical  with  the  proteid  coagulating  at  that 
temperature  which  can  be  extracted  from  frog's  muscles.  At  body 
temperature  the  transformation  occurs  more  quickly.  The  myosin 
precipitate,  which  rapidly  forms  in  muscle-plasma,  is  sometimes 
called  the  muscle-clot,  and  the  hquid  which  is  left  the  muscle-serum. 
A  similar  myosin  precipitate  or  clot  seems  to  be  formed  in  the 
interior  of  the  muscular  fibres  in  natural  rigor  and  in  the  rapid 
rigor  produced  by  heating  a  muscle  to  a  httlc  above  the  body- 
temperature.  But  in  natural  rigor  this  precipitate  is  either  soluble 
in  saline  solutions  or  the  whole  of  the  j>aramyosinogcn  and  mj'osi- 
nogen  do  not  undergo  the  cliange,  since  a  certain  amount  of  these 
substances  can  as  a  rule  be  extracted  from  dead  nmscle  by  such 
solutions.  It  is  probable  tliat  in  the  hving  muscle  paramyosinogen 
and  myosinogen  exist  as  such.  For  if  a  tracinjj  is  taken  from  a 
muscle  which  is  gradually  heated  it  first  shortens  at  the  temperature 
of  coagulation  of  paramyosinogen,  and  then  again  at  tliat  of  myo- 
sinogen. In  frog's  muscle  there  is  an  additional  shortening  at  40* 
the  temperature  of  coagulation  of  the  soluble  myosin. 
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It  has  been  suggested  that  myosin  (or  its  precursors),  sarco- 
lactic  acid,  and  carbon  dioxide  are  all  i)roducts  of  some  complex 
body  which  breaks  up  both  at  the  death  of  the  muscle  and  during 
contraction,  and  that,  indeed^  contraction  is  only  a  transient 
and  removable  rigor  (Hermann).  But  it  cannot  be  admitted 
that  there  is  any  fundamental  connection  between  rigor  and  con- 
traction, although  there  are  some  superficial  resemblances.  In 
both  there  is  (i)  shortening  ;  (2)  heat-production  ;  (3)  formation 
of  fixed  acid  and  carbon  dioxide  :  (4)  electrical  changes.  Another 
analogy  might  he  forced  into  the  list  by  anyone  who  was  deter- 
mined to  see  only  rigor  in  contraction  :  the  rigor  passes  off  as 
the  contraction  {masses  off,  although  the  *  resolution  '  of  a  rigid 
muscle  takes  days,  the  relaxation  of  an  active  muscle  a  fraction 
of  a  second.  The  disappearance  of  rigor  is  not  dependent  on 
putrefaction  :  it  takes  place  when  growth  of  bacteria  is  pre- 
vented (Hermann).  Possibly  it  is  connected  with  autolytic 
processes  due  to  intracellular  ferments  {p.  447). 

Wliy  does  coagulation  of  myosin  occur  at  the  death  of  the 
muscle  ?  To  this  question  no  clear  answer  can  be  given.  Some 
have  looked  on  the  process  as  analogous  to  the  clotting  of  blood 
when  it  is  shed,  and  it  has  even  been  suggested  that  just  as  a 
fibrin  ferment  is  developed  when  the  leucocytes  and  blood- 
plates  begin  to  die,  a  myosin  ferment,  which  aids  coagulation,  is 
developed  in  dead  or  dying  muscle.  But  it  is  easy  to  make  too 
much  of  the  apj>ar€nt  analog\'  between  the  clotting  of  muscle 
and  the  clotting  of  blood,  and  there  are  differences  as  well  as 
resemblances.  For  instance,  the  addition  of  potassium  oxalate 
does  not  [irevent  coagulation  of  muscle  extracts,  as  it  docs  of 
blood  and  blood-plasma. 

Various  influences  affect  the  onset  of  rigor.  Fatigue  hastens 
it ;  heat  has  a  similar  effect ;  the  contact  of  caffeine,  chloroform, 
and  other  drugs  causes  most  pronounced  and  immediate  rigor. 
BlcKxi  applied  to  the  cross-section  of  a  muscle  first  stimulates  the 
fibres  with  which  it  is  in  contact,  and  then  renders  them  rigid. 
But  it  is  to  be  remembered  that  normally  the  blood  does  not 
come  into  direct  contact  even  with  the  sarcolemma,  much  less 
with  its  contents. 

The  effect  of  heat  is  of  special  interest.  A  skeletal  muscle  of 
a  frog,  hke  the  gastrocnemius,  if  dipped  into  normal  saline 
solution  at  40°  or  41'  C.  goes  into  rigor  at  once  :  the  frog's  heart 
requires  a  temperature  3^  or  4°  higher  ;  the  distended  bulbus 
aorta  can  withstand  even  a  temperature  of  48^  for  a  short  time. 
An  excised  niammulian  muscle  passes  into  immediate  rigor  at 
45^  ^  50°'  In  heat  rigor  the  reaction  of  the  muscle  becomes 
strongly  acid  owing  to  the  formation  of  sarcolactic  acid,  and 
the  production  of  carbon  dioxide  is  also  increased.     Heat  rigor 
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resembles  in  these  respects  a  greatly  accelerated  rigor  mortis. 
A  small  quantity  of  heat  is  produced,  and  the  temperature  of 
the  muscle  may  be  raised  as  much  as  .^j^°  C.  This  is  probably 
due  chiefly  to  the  increased  chemical  change,  and  only  to  a  slight 
extent  to  the  physical  alteration  in  the  myosin. 

WTien  muscle  is  at  once  raised  to  a  temperature  of  75°  to  100"  C, 
and  all  the  proteids  thus  coagulated  by  heat,  there  is  also  an 
increase  in  the  discharge  of  carbon  dioxide  (Fletcher),  and  the 
reaction  becomes  distinctly  acid  to  blue  litmus,  although  still 
alkaline  to  red.  This  is  the  easiest  way  of  obtaining  a  maximum 
evolution  of  carlwn  dioxide  from  an  excised  muscle.  It  is 
highly  improbable  that  a  marked  production  of  carbon  dioxide 
should  take  place  in  heat-coagulated  proteids.  We  must  there- 
fore sup|K>se  that  the  characteristic  decomposition  associated 
with  rigor  mortis  can  complete  itself  in  the  brief  space  that 
elaj>sos  between  the  application  of  the  heat  and  the  heat-coagula- 
tion of  the  proteids.  This  decomposition  is  wanting  in  the 
so-calleil  rigor  caused  bv  water,  which  is  not  a  true  rigor,  and 
causes  no  increase  in  the  carbon  dioxide  given  off.  Chloroform, 
on  the  other  hand,  j^rixiuces  a  marked  increase  in  the  carbon 
dioxide  pnxluction.  and  this  is  evidently  related  to  its  action 
in  hastening  the  onset  of  rigor.  The  process  is  to  some  extent 
influenoevi  by  the  nervous  s\-stem.  lor  section  of  its  nerves 
retards  the  onset  of  rigor  in  the  muscles  of  a  limb.  This  and 
other  facts  have  given  rise  to  the  idea  that  the  rigor  is  initiated 
bv  ^i^Muoihini:  analogous  to  a  musoular  spasm.     Cold  rigor  is 
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rnusclus  of  tlii:  l)ody  do  not  stiffen  at  the  same  time  ;  the  order 
is  usually  from  above  downwards,  beginning  at  the  jaws  and 
neck,  then  reaching  the  arrns^  and  finally  the  legs.  After  two 
or  three  days  the  rigor  disappears  in  the  same  order.  The 
])ositinn  nf  the  limbs  in  rigor  is  the  same  as  at  death  ;  the  muscles 
stiffen  without  any  marked  contraction.  This  can  be  strikingly 
shown  on  a  newly-killed  animal  by  cutting  the  tendons  of  the 
extensors  of  one  foot  and  the  flexors  of  the  other  ;  when  natural 
rigor  comes  on,  the  feet  remain  just  as  they  were.  If  heat 
rigor,  however,  is  caused,  the  one  foot  becomes  rigid  in  flexion 
and  the  other  in  extension  ;  and  the  contraction-force  is  con- 
siderable, although  not  so  great  as  that  of  an  electrical  tetanus 
in  a  living  muscle. 

The  Removability  of  Rigor. — After  intcrnipting  the  circula- 
tion in  the  hind-legs  of  rabbits  by  compression  or  ligation  of 
the  abdominal  aorta  (Stenson's  ex].>eriment),  and  so  causing 
the  muscles  to  l)ecome  rigid,  Brown-Scquard  saw  them  recover 
their  irritability  when  the  blood  was  again  allowed  to  reach  them. 
He  performed  a  similar  experiment  with  artificial  circulation 
through  the  hand  of  an  executed  criminal,  with  a  like  result. 
But  most  writers  have  taken  the  view  that  rigor  is  the  irrevocable 
end  of  excitability,  and  that  the  apparent  recovery  which 
Brown-S<^quard  saw  was  due  to  the  muscles  not  having  been 
comi>letely  rigid.  Heubel  has,  however,  found  that  rhythmical 
contractions  of  the  frog's  heart  can  be  restored  by  falHng  its 
cavity  with  blood,  after  rigor  has  been  caused  by  heat  and  in 
other  ways,  and  we  have  already  seen  that  the  same  is  true  of 
the  mammalian  heart  after  the  onset  of  rigor. 

Both  mammalian  and  frog's  skeletal  muscles,  after  rigor 
mortis  has  come  on,  are  said  to  regain  their  excitability  in 
physiological  salt  solution  (Mangold). 


CHAPTER  X. 


NERVE 


The  voluntary  movements  are  originated  by  efferent  or  outgoing 
impulses  from  the  brain,  which  reach  the  muscles  along  their 
motor  nerves.  The  involuntary  movements  and  the  secretions 
are  in  many  cases  able  to  go  on  iji  the  absence  of  central  con- 
nections, but  are  normally  under  central  control.  AflEerent 
impulses  arc  continually  ascending  to  the  cord  and  brain  from 
the  skin,  joints,  bones,  muscles,  and  organs  of  s|>ecial  sense  like 
the  eye  and  the  ear.  Everywhere  the  connection  between  the 
nervous  centres  and  the  peripheral  organs,  and  between  different 
parts  of  the  cfnli^al  nervous  system,  is  made  by  nerve-fibres. 
Those  which  nin  outside  the  brain  and  cord  are  called  peripheral 
nerve-fthres  to  distinguish  them  from  the  intracentral  fibres  of 
the  central  nervous  system  itself. 

In  this  chapter  we  propose  to  consider  certain  of  the  general 
proi>erties  of  ner\''e- fibres.  Most  of  our  knowledge  of  these 
properties  has  been  derived  from  exjxiriments  on  the  peripheral, 
and  particularly  the  i)eripheral  motor  nerves  ;  but  there  is  every 
reason  to  believe  that  the  main  results  are  true  of  all  nerve- 
fibres,  afferent  and  efferent,  peripheral  and  central. 

What  wc  call  nerve-fibres  were  known  and  named,  and  many 
important  facts  in  their  physiology'  discovered,  long  before  their 
true  morphological  significance  was  recognised.  The  researches  of 
recent  years  have  shown  that  every  nerve-fibre  is,  as  regards  its 
essential  constituent  the  axis-cylinder,  a  process  of  a  nervc-ccU. 
The  nerve-cells,  each  c»f  which,  including  all  its  processes,  may  be 
conveniently  termed  a  neufou,  arc  the  essential  elements  of  the 
ner\'ous  svs'tcm.  The  ccU-bodies  of  most  of  the  neurons  arc  situated 
in.  or  in  close  relation  to,  the  spinal  cord  and  the  brain,  and  therefore 
the  detailed  description  of  them  will  be  reserved  till  we  come  to 
treat  of  the  central  nervous  system  (see  p.  66i  and  Figs.  267  to  276). 
It  is  cnougli  to  say  here  tluit  in  gcncr;U  a  nerve-cell  givus  off  two 
kinds  of  processes :  ( 1 )  one  or  more  dcndnles  or  protoplasmic 
processes,  which  repeatedly  bifurcate  Ukc  the  branches  of  a  tree  into 
thinner  and  tliinncr  twigs,  and  extend  only  for  a  relatively  short 
distance  from  the  cell-body  ;  {2)  an  axis-cvlindcr  process  or  axon 
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which  as  a  rule  runs  (or  a  considerable  distance  without  altering 
its  calibre,  and  cither  gives  off  no  branches  (as  in  the  peripheral 
nerves)  or  only  a  comparatively  small  number  of  lateral  twigs 
(collaterals).  Ultimately  the  axis-cylinder  process  and  its  col- 
laterals, if  it  has  any,  end  by  breaking  up  into  a  brush,  a  plexus  or 
a  feltwork  or  basketwork  of  fibrils.  The  axons  of  different  nerve- 
cells  vary  greatly  in  length.  Some  terminate  witliiii  the  grey  matter 
of  the  brain  or  spinal  cord  not  far  from  their  origin  ;  others  run  in  the 
white  tracts  of  tne  central  nervous  system  or  in  the  peripheral  nerves 
for  half  the  height  of  a  man.  All  except  the  shortest  axis-cylinder 
processes  become  clothed  at  a  Uttlc  distance  from  the  cell-body 
with  a  protective  covering,  which  continues  to  invest  them  (and 
their  coIh\terals)  throughout  the  rest  of  their  course,  disappearing 
only  when  they  begin  to  break  up  at  their  terminations.  An  axis- 
cyhnder  process  (spoken  of  simply  as  the  axis-cyUnder,  when  con- 
sidered apart  from  the  ner\'c-ccllj  constitutes,  with  its  coverings  a 
nerve- fibre. 

An  ordinary  peripheral  nerve  like  the  sciatic  is  made  up  of  a 
number  of  bundles  of  nerve-fibres.  Connective  tissue  surrounds 
and  separates  the  bundles,  and  also  penetrates  in  fine  septa  within 
them  and  bet-ween  the  individual  fibres,  forming  a  framework  for 
their  support,  and  carrving  the  bloodvessels  and  lymphatics. 

The  great  majority  of  the  nerve-fibres  of  the  sciatic  consist  of  axis- 
cylinders  covered  by  two  sheaths.  The  axis- cylinders  are  processes 
of  nerve-cells  in  the  anterior  horn  of  the  spinal  cord  in  the  case  of 
the  motor  fibres,  and  of  nerve-cells  in  the  spinal  ganglia  in  the  case 
of  the  sensory.  The  axis-cyUnder  is  the  essential  conducting  part 
of  the  fibre,  for  it  is  present  in  every  nerve-fibre,  runmng  from  end 
to  end  of  it  without  break,  and  towards  the  pcriiiher^*  it  is  alone 
present.  It  is  probably  made  up  of  fine  longitudinal  ftbnls  embedded 
in  interstitial  substance.  Such  a  fibrillar  structure  is  undoubtedly 
shown  after  treatment  of  the  nerve-fibres  with  certain  reagents, 
although  it  is  not  quite  certain  that  it  exists  preformed  in  the  living 
fibres.  The  innermost  (Fig.  220),  and  by  far  the  thickest,  of  the 
sheaths  is  the  medullary  sheath,  or  white  substance  of  Schwann, 
which  is  of  fatty  nature,  and  is  blackened  by  osmic  acid.  It  under- 
goes a  kind  of  co^Lgulation  at  death,  loses  its  homogeneity,  and  shows 
a  double  contour.  Tliis  sheath  is  not  continuous,  but  is  broken  by 
constrictions  of  the  outer  sheath,  called  nodes  of  Ranvier,  into 
numerous  segments.  The  outer  sheath,  or  neurilemma,  is  a  thin, 
structureless  envelope  immediately  external  to  the  medulla.  It 
invests  the  nerve-fibre,  as  the  sarcolemma  docs  the  muscle-fibre. 
In  each  intemodal  segment  immediately  under  the  neurilemma  hes 
a  nucleus  surrounded  by  a  little  protoplasm.  Fibres  with  a  medul- 
lary sheath  such  as  those  descnbed  are  called  medulUted  fibres. 
They  arc  by  far  the  most  numerous  in  the  ccrebro -spinal  nerves  ; 
but  they  are  mixed  witli  a  few  fibres  which  contain  no  white  substance 
of  Schwann,  and  arc,  therefore,  called  non-medullated.  In  these 
the  axis-cyUnder  is  covered  only  by  the  neurilemma.  In  the 
sympathetic  system  the  non-meduUated  variety  is  present  in 
greater  abundance  than  the  medullated.  In  the  centnd  nervous 
system  the  medullated  fibres  possess  no  neurilemma. 

So  far  as  we  know,  the  only  function  of  nerve-fibres  is  to 
conduct  impulses  from  nerve-centres  to  peripheral  organs,  or 
from  peripheral  organs  to  nerve-centres,  or  from  one  nerve- 
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centre  to  another.  And  in  the^normiil  liDrly  these  impulses 
never,  or  only  very  rarely,  originate  in  the  course  of  the  nerve- 
fibres  ;  they  are  set  up  either  at  their  peripheral  or  at  their  central 
endings.  By  artificial  stimulation,  however,  a  nerve-impulse 
may  he  started  at  anv  part  of  a  fibre,  just  as  a  telegram  may 
be  despatched  by  ta]>]>in^  any  part  of  a  telegraph  wire,  although 
it  is  usually  sent  from  one  fixed  station  to  another. 


The  Nerve-impulse  :  its  Initiation  and  Conduction. 

What  the  ncr\'e-impulse  actually  consists  in  we  do  not  know. 
All  we  know  is  that  a  change  of  some  kind,  of  which  the  only 
external  token  is  an  electrical  change,  passes  over  the  nerve 
with  a  measurable  velocity,  and  gives  tidings  of  itself,  if  it  is 
travelling  along  efferent  fibres — that  is,  out  from  the  central 
nervous  system — by  the  contraction  or  inhibition  of  muscle  or 
by  secretion  ;  if  it  is  travelling  along  afferent  fibres — that  is,  uji 
to  the  central  nervous  system — by  sensation,  or  by  reflex  mus- 
cular or  glandular  effects. 

Whether  the  wave  which  passes  along  the  ner\'e  is  a  wave 
of  chemical  change  (such,  to  take  a  very  crude  example,  as 
runs  along  a  train  of  gimpowder  when  it  is  fired  at  one  end), 
or  a  wave  of  mechanical  change,  a  pecuhar  and  most  delicate 
molecular  shiver,  if  we  may  so  phrase  it,  there  is  no  definite 
experimental  evidence  to  decide.  An  electrical  change  accom- 
panies the  nerve  -  impulse  travelling  at  the  same  rate,  and 
although  this  is  to  be  distinguished  from  the  impulse  itself, 
there  is  little  doubt  that  the  latter  is  essentially  connected 
with  a  disturbance  of  the  electrical  equilibrium  of  the  nerve- 
substance. 

That  chemical  changes  go  on  in  living  nerve  we  need  not 
hesitate  to  assume  ;  and,  indeed,  if  the  circulation  through  a 
limb  of  a  warm-blooded  animal  be  stopped  for  a  short  time, 
the  nerves  lose  their  excitability.  But  the  metal>olism  is  very 
slight  compared  with  that  in  muscle  or  gland.  P-vcn  m  active 
nerve  no  measurable  production  of  carbon  dioxide  has  ever 
been  observed,  nor,  in  fact,  has  any  chemical  difference  between 
the  excited  and  the  resting  state  ever  been  unequivocally  made 
out.  Neither  in  cold-blooded  nor  in  mammaUan  nerves  is  there 
any  sensible  rise  of  temperature  during  stimulation. 

Stimulation  of  Nerve. — With  sonie  differences,  the  same 
stimuli  are  effective  for  nerve  as  for  muscle  (p.  553)  ;  but  chctnical 
siimulaiion  is  not  in  general  so  easily  obtained. 
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For  salts  which  penetrate  the  fibres  with  eq\ial  difficulty  this 
factor  can  be  eliminated  by  applying  them  as  equimolecular 
solutions — I.e.,  s<ilutions  which  contain  an  equal  number  of  mole- 
cules of  the  substances  to  be  tested  in  a  ^^^'"1  volume  of  water. 
Thus  tested,  the  halogen  salts  have  a  stimulating  power  (or  motor 
nerves  in  the  order  of  their  molecular  weights  :  e.g.,  sodium  iodide 
(Nal)  is  stronger  than  sodium  bromide  (NaBr).  and  sodium  bromide 
than  scKlium  chloride  (NaCl)  (Grutzner).  Sensory  nerves  are  much 
less  susceptible  to  chemical  stimulation.  Bile  or  bile-salts,  for 
example,  which  stimulate  motor  nerves,  have  no  effect  on  sensory*.* 
A  sugar  solution,  which  t-xcites  motor  nerves,  does  not  alter  the 
rate  of  respiration  when  applied  to  the  central  end  of  the  vagus, 
which,  however,  is  excited  by  potassium  chloride  (p.  202).  In  non- 
narcotized  animals  reflex  secretion  of  siihva  is  caused  by  stimulation 
of  the  central  end  of  the  lingual  with  sodium  chloride  (Wertheimer). 
There  is  evidence  that  chemical  stimulation  projXir,  as  distinguished 
from  the  stimulation  produced  by  changes  m  the  water  content  of 
the  fibres  by  osmosis,  is  connected  with  the  electrical  charges  on 
the  dissociated  ions  ol  the  salts  (p.  3S4).  Electrical  stimulation, 
indeed,  may  only  be  a  variety  of  chemical  stimulation  (Locb, 
Mathews). 

Mechanical  stimulation  may  be  appUed  to  a  nerve  by  allowing  a 
small  weight  to  fall  on  it  from  a  definite  height  or  permitting  mercury 
to  drop  upon  it  from  a  vessel  vrith  a  fine  outflow  tube.  A  regular 
tetanus  may  thus  be  obtained.  Tigerstcdt  found  that  the  smallest 
amount  of  work  spent  on  a  frog's  nerve  which  wotild  sufftce  to  excite 
it  was  a  little  less  thin  a  gramme-millimetre—  that  is,  the  work  done 
by  a  gramme  faUin^  throuKh  a  distance  of  a  millimetre,  or  (taking 
an  erg  as  equivalent  to  j^^.j^j  gramme-centimetre)  about  100  ergs. 
No  doubt  a  great  part  of  this  is  wasted,  as  a  much  smaller  ciuantity 
of  work  done  by  a  beam  of  light  on  the  retina  or  by  an  electrical 
current  on  an  isolated  nerve,  both  of  wliich  may  be  supposed  to  act 
more  directly  on  the  excitable  constituents,  suffices  to  cause  stimu- 
lation. Thus,  the  work  done  by  the  minimal,  natural  or  specific, 
stimulus  for  the  retina  in  the  form  of  green  light  may  be  as  little  as 
I 


I 


io» 


erg  (S.  P.  Langley),  or  only  one-ten-thousand-millionth  part  of 

the  minimum  work  necessary  for  mechanical  stimulation.  Again, 
with  electrical  stimulation  (closure  of  a  voltaic  current,  or  condenser 

discharges)  it  has  been  shown  that  an  amount  of  work  equal  to 

erg  may  be  enough  to  cause  excitation  of  a  frog's  nerve.  This  is 
ten  thousand  times  as  great  as  the  minimiil  luminous  stimidus,  but 
a  milhon  times  less  than  the  minimal  mechanical  stimulus. 

The  laws  oi  electrical  stimutatton  for  nerve  arc  essentially  the  same 
as  those  we  have  already  discussed  for  muscle  (p.  556).  The  voltaic 
current  stimulates  a  nerve,  as  it  does  a  muscle,  at  closure  and 
opening.  During  the  flow  of  the  current,  so  long  as  its  intensity 
remains  constant,  there  is,  as  a  rule,  no  excitation,  or  at  least  none 
which  is  propagated  along  the  nerve,  so  that  the  muscles  supplied 


•  It  would  be  more  correct  to  say  that  the  sensory  mechanisms  are  not 
affected  by  these  chemical  stimuU  than  that  the  sensory  Hrrrcs  arc  not 
afYected.  For  there  i*  no  prooi  that  the  absence  ol  response  is  due  to 
inexcitabihty  of  the  nerve-nbres  and  not  to  inexcitability  of  the  centres 
connected  with  them. 
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by  it  remain  imcontracted.  But  under  certain  conditions — for 
example,  when  the  nerve  is  more  excitable  tlian  usual  (as  is  the  case 
with  nerves  taken  from  frogs  which  hirvve  been  long  kept  in  tlie  cold) 
—a  closing  tetanus  miy  be  seen  while  the  current  continues  to  pass 
through  the  nerve,  and  an  opening  tetanus  after  it  has  ceased  to  now, 
just  as  when  the  current  is  led  directly  through  the  muscle.  Sensory 
nerve-fibres,  too,  arc  stimulated  by  a  voltaic  current  during  the  whole 
time  of  flow.  Induction  shocks  arc  relatively  more  powerful  stimuli 
for  nerve  than  the  make  or  break  of  a  voltaic  current.  The  opposite, 
as  we  have  seen,  is  true  of  muscle  :  and,  upon  the  whole,  we  may 
say  that  muscle  is  more  sluggish  in  its  response  to  stimuli,  and  is 
excited  less  easily  by  very  brief  currents,  than  ner\'e  is.  An  apparent 
illustration  of  this  difference  is  the  fact  that  the  nervous  excitation 
has  no  measurable  latent  period,  while  muscular  excitation  has. 
Hut  it  is  quite  possible  that,  if  the  conditions  of  experiment  were  as 
favourable  in  ne^^'e  as  in  muscle,  a  sensible  latent  period  might  be 
found  here  too. 

In  nerve  as  in  muscle,  strength  of  stimulus  and  intensity  of 
response  correspond  within  a  fairly  wide  range,  when  wc  take  the 
height  of  the  muscular  contraction  or  the  amount  of  the  negative 
variation  (p.  632)  as  the  measure  of  the  nervous  excitation.  Sum- 
mation of  stimuH,  superposition  of  contractions,  and  complete 
tetanus,  are  caused  by  stimulating  a  muscle  through  its  nerve,  just 
as  by  stimulating  the  muscle  itself  (p.  575). 

The  excitability  of  nerve,  as  measured  by  the  muscular 
response  to  stimulation,  is  increased,  for  induction  shocks  or 
voltaic  currents  of  short  duration,  by  rise  of  temperature  up  to 
about  30'''  C,  and  diminished  by  fall  of  temperature.  It  has 
been  suggested  that  this  increase  of  excitability  ii;  only  apjiarent, 
and  due  to  the  strengthening  of  the  current  by  diminution  of  the 
resistance,  since  the  resistance  of  all  animal  tissues,  like  that  of 
electrolytic  conductors  in  general,  diminishes  as  the  tempera- 
ture rises  (Gotch).  Cooling  of  the  nerve,  even  to  5°  C,  increases 
the  excitability  for  currents  of  long  duration  (several  hundredths 
of  a  second). 

Drying  of  a  nerve  at  first  increases  its  excitability  ;  and  the 
same  is  true  of  separation  of  a  nerve  from  its  centre.  In  the 
latter  case  the  increase  of  irritability  begins  at  the  proximal 
end  of  the  nerve,  and  travels  towards  the  periphery.  As  time 
goes  on,  the  excitability  diminishes,  and  ultimately  disappears 
in  the  same  order  (Rittcr-Valli  Law).  .At  a  certain  stage  it  may 
be  foimd  that  a  given  stimulus  causes  a  smaller  and  smaller 
contraction  the  farther  down  the  nerve^that  is.  the  nearer  to 
the  muscle — it  is  appUed.  On  this  was  based  the  now  abandoned 
'  avalanche  theory,'  according  to  which  the  impulse  continually 
unlocked  new  energy  as  it  passed  along  the  nerve,  aud  so  gathered 
strength  in  its  course  like  an  avalanche.  It  is  now  known  that 
no  material  change  takes  place  in  the  intensity  of  the  excitation 
while  it  is  being  propagated  along  a  normal  uninjured  nerve. 
For  instance,  experiments  on  the  phrenic  nerve,  in  its  natural 
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position^  and  with  all  its  connections  intact,  have  shown  that  with 
a  given  streng^tli  of  stimulus  the  amount  of  contraction  of  the 
diaphragm  is  the  same  wh(;ther  the  nerve  be  excited  in  the  ujii>er, 
middle,  or  lower  jwrtion 
of  its  course.  In  i\w 
above  experiment  on 
the  isolated,  and  there- 
fore injured,  nerve,  the 
contraction  varies  in 
height  with  the  dis- 
tance of  the  point  of 
stimulation  from  the 
muscle,  not  because  the 
excitation  grows  as  it 
travels,  but  because  it 
is  already  greater  at  the 
moment  when  it  sets 
out  from  a  point  near 
the  central  end  of  the 
nerve  than  at  the  mo- 
ment when  it  sets  oiLt 
from  a  point  near  the 
muscle. 

Electrotonus.  —  Al- 
though the  constant 
current  does  not,  unless 
it  is  very  strong  or  the 
nerve  very  irritable, 
cause  stimulation  dur- 
ing its  passage,  it 
modifies  profoundly  the 
excitabihty  and  con- 
ductivity of  the  nerve. 
In  the  neighbourhood  of 
the  kathode  the  excita- 
bility is  increased  (con- 
dition of  katelectro- 
tonus),  while  around  the 
anode  it  is  diminished 

(anelectrotonus).  Immediately  after  the  opening  of  the  current 
these  relations  are  for  a  brief  time  reversed,  the  excitability  of 
the  post-kathodic  area  (area  which  was  at  the  kathode  during 
the  flow)  being  diminished,  and  that  of  the  post-anodic  increased. 
In  the  intrapolar  area  there  is  one  point  the  excitability  of  which 
is  not  altered.  This  indifferent  point,  as  it  is  called,  shifts  its 
position  when  the  intensity  of  the  current  is  varied,  moving 


Fig.   22S. — Diagram  or  Changes  or    lixciT- 

ABIUTV     AND     COMDUCTIVITV     PRODUCED     IN 

A  Nerve   by  a  Voltaic   Current- 

E,  changes  of  excitability  during  the  flow  of 
the  curruiit,  dccordinft  to  Pflugcr.  The  ordiuates 
drawD  from  the  abscissa  axis  to  cut  the  curve 
represent  the  amount  of  the  change.  C(i), 
changes  of  conductivity  during  the  flow  of  a 
moderately  strong  current.  Conductivity 
greatly  reduced  around  kathode  ;  little  affected 
at  anode.  C(3),  changes  of  conductivity  during 
flitw  of  a  very  ttroog  cturent-  Conductivity 
reduced  tx)th  in  anodic  and  kathodic  regions, 
but  less  in  the  former.  C,  changes  of  coo- 
ductivity  just  after  opening  a  moderately 
strong  current.  Conductivity  greatly  reduced 
in  region  which  was  (ormcrlv  anodic  ;  little 
affected  in  region  formerly  kathodic. 
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towards  the  kathode  when  the  current  ife  inn  eased,  towards  the 
anode  wh<ui  it  fs  dimini.sliefl. 

These  statements  have  been  made  on  the  strenfjth  of  exp)eri- 
ments  in  which  the  height  of  the  muscular  contraction  was  taken 
as  the  index  of  the  excitability  of  the  ner\'e  at  any  given  point. 
But  alterations  of  conductivity — ».«.,  of  the  |K>wer  of  a  portion  of 
the  nerve  to  conduct  an  impulse  set  up  elsewhere — are  also  pro- 
duced by  the  constant  current,  which  even  outlast  its  flow.  For 
all  currents  except  the  weakest  the  conductivity  at  the  kathode 
and  m  its  neighliourhood  is  diminished,  and  with  currents  still 
ordv  moderately  strong  the  block  dee[)eus  into  utter  impassability. 
The  conductivity  at  the  anode  is»  during  all  this  stags,  but  little 
affected  and  is  at  any  rate  much  higher  than  at  the  kathode,  so 
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Fit*.    22(>.  —  KATtLECTKOTO.Vl.iS. 

Weak  tetanus  of  muscle  (the 
right-hand  elevation},  greatly  in* 
tensified  in  katelrt-lrotnnus  of  the 
motor  niTve  (the  Icft*hand  eleva- 
tion). 


i'K..    3^7-  — AstLECTKOTONUS. 

Strung  tetanus  of  muscle  (leit- 
hand  clevatiun),  lessened  in 
strenKtb  by  anelectro tonic  coD- 
dition  of  the  motor  nerve  (right- 
hand  elevation). 


that  at  the  time  of  fidl  katliodic  block  the  nerve-impulse  still  freely 
passes  through  the  region  around  the  positive  pole.  With  stiU 
stronger  currents  the  conductivity  here,  too,  begins  to  diminish, 
until  at  last  the  anode  is  also  blocked  ;  hut  this  is  to  be  looked 
upon  as  merely  an  extension  of  the  defect  of  conductivity  which 
has  been  creeping  along  the  intrapolar  area  from  the  kathode. 
After  the  oj>ening  of  the  current,  the  relation  between  kathodic 
and  anodic  conductivity  is  reversed,  for  now  the  post-kathodic 
region  conducts  the  nerve-impulse  relatively  better  than  the 
post -anodic. 

The  above  facts  serve  to  explain  the  manner  in  which  the 
effects  of  stimulation  of  a  nerve  with  the  constant  current  vary 
with  the  strength  and  direction  of  the  stream.  These  effects, 
so  far  as  the  contraction  of  tlie  muscles  supplied  by  the  ner\'e  is 
concerned,  have  been  fonnulated  in  what  has  been  somewhat 
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loosely  termed  the  law  of  contraction,  !n  this  formtila  the 
direction  iff  the  ctirn^nt  in  tliu  ncrw  is  commonly  iJistin^iished 
by  a  tlunrniglily  had  hut  niiw  inf^rained  [ihraseology,  as  ascending 
when  the  anode  is  next  the  muscle,  and  descending  when  the 

kathode  is  next  the  nuiscle. 

• 

Law  of  Coniraction. 


Current. 

AsceiKlini. 

DMCMding. 

M. 

a 

M.            B. 

Weak  - 

Medium 

Strong 

C 

C 

C 
C 

c 

c 

c 

Here  M  means 
tion  (nllow-s.' 


make/  B, 'break.' of  the  current;  C  means 'con  tiac- 


The  explanation  generally  given  o(  the  facts  summed  up  in 
the  '  law  of  contraction  '  is  as  follows  :  Wherever  there  is  an 
increase  of  excitability  sufficiently  rapid  and  sufficiently  large, 
stimulation  is  supposed  to  take  place  :  where  there  is  a  fall  of 
excitability,  stimulation  does  not  occur.  Accordingly,  at  closure 
the  kathode  stimulatas — tht*  anode  does  not  :  while  at  o[>ening, 
the  anode,  at  which  the  dc[>ressed  excitability  jumps  uj*  to 
normal  or  more,  is  the  stimulating  pole  ;  the  kathode,  at  which 
it  declines  to  normal  or  under  it,  is  inactive. 

With  a  weak  citrri'Hf,  (i)  contraction  only  occurs  at  make,  and 
(2)  the  direction  of  the  current  is  indifferent.  The  explanation  of 
the  first  fact  is  that  the  make  is  a  stronRcr  stimulus  than  the  break, 
and  when  the  current  is  weak  enough  the  break  is  less  than  a  mini- 
mal stimulus.  No  .sensible  change  of  conductivity  is  caused  by 
weak  currents,  which  suffices  to  explain  (2). 

With  a  '  medium  '  current,  contraction  occurs  at  make  and  break 
with  t)oth  directions.  Here  the  break  excitation  is  effiH^tive  as  well 
as  the  make.  With  anode  next  the  muscle  (ascending  current),  there 
is  of  course  nothing  to  prevent  the  oix-ning  excitation,  which  starts 
at  the  anode,  from  passing  down  the  nerve  and  causing  contraction  ; 
and  since  there  is  no  block  around  the  anode  or  in  the  intrapolar 
region  with  '  medium  '  currents,  there  is  nothing  to  keep  the  closing 
(kathodic)  excitation  from  reaching  the  muscle  too.  With  the 
kathode  next  the  muscle  (descending  current),  the  closing  excita- 
tion, wliich  starts  from  the  kathode,  has  no  region  of  diminished  con- 
ductivity to  pass  through,  nor  has  the  opening  (anodic)  excitation, 
for  the  kathodic  block,  caused  by  moderately  strong  currents,  is 
removed  as  soon  as  the  current  is  broken. 

With  '  strong  '  currents  there  are  only  two  cases  of  contraction 
out  of  the  four,  just  as  with  *  weak.'  but  for  very  different  reasons. 
There  is  a  break-contraction  with  ascending,  and  a  make-contraction 
with  descending  current.  With  ascending  current  the  anode  is  next 
the  muscle,  and  tlie  break-excitation  starting  there  has  nothing  to 
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hinder  its  course.  The  make-excitation,  although  as  strong  or 
stronger,  has  to  pass  through  the  whole  intrapolar  region  and  over 
ihc  anode,  and  here  the  conductivity  is  depressed  and  the  nerve- 
impulse  blocked.  With  descending  current  the  kathode  is  next  the 
muscle,  and  there  is  no  hindrance  to  the  passage  of  the  make  excita- 
tion. The  break-excitation,  however,  has  to  traverse  the  intrapolar 
region,  and  the  anodic  end  of  this  area  has  a  smaller  conductnity 
immediately  after  opening  than  during  the  flow,  while  the  kathodic 
end  does  not  at  once»  after  a  strong  current,  become  passable.  The 
break-excitation,  accordingly,  cannot  get  through  to  the  muscle. 

In  all  these  cases  of  complete  or  partial  block,  during  or  after  the 
flow  of  a  constant  current,  the  progress  of  the  nerve-impulse,  its 
gradual  weakening,  and  final  extinction  can  be  very  well  shown  by 
me  ins  of  the  action  streim  (p.  632), 

The  above  formula  can  only  be  verified  upon  isolated  nerves, 
and,  even  for  these,  exceptional  results  are  apt  to  be  obtained 

as   soon  as   the  nerv*es  begin 
~  to  die. 

A  formula  similar  to  the 
law  of  contraction  has  been 
shown  to  hold  for  the  inhibi- 
tory fibres  of  the  vagus 
(Donders),  *  inhibition  '  being 
substituted  for  '  contraction.' 
There  is  also  some  evidence 
that  a  similar  law  obtains  for 
sensory  nerves. 

The   Law   of   Contraction 

for  Nerves  '  in  Situ.' — When 

a  nerve  is  stimulated  without 

previous    isolation  —  in     the 

human    body,    for    instance, 

through  electrodes  laid  on  the 

skin — the    current     will     not 

enter   and    leave    it    through 

definite  small  portioas  of   its 

sheath,  nor  will  it  be  possible 

to  make  the  lines  of  flowneaxly 

parallel  to  each  other  and  to  the  long  axis  of  the  nerve,  as  is 

the  case  in  a  slender  strip  of  tissue  when  there  is  a  considerable 

distance  betv^'een  the  electrodes. 

On  the  contrary,  when,  as  is  usually  the  case  in  electro- thera- 
peutical treatment,  a  single  electrode — say,  the  positive — is  placed 
over  the  position  of  the  nerve,  and  the  other  at  a  distance  on  some 
convenient  part  of  the  body,  the  current  will  enter  the  nerve  by  a 
broad  fan  ot  stream-lines  cutting  it  more  or  less  obliquely,  and  pass 
out  again  into  the  surrounding  tissues  :  so  that  both  an  anode 
(surface  of  entrance)  and  a  kathode  (still  larger  surface  of  exit)  wll 
correspond  to  the  single  positive  pole.     Similarly,  the  single  negative 


Kic.  228.— Diagram  ov  Lines  or  Flow 
OP  A  Current  passing   through   a 

NCRVT. 

A.  an  isolatrd  nerve ;  B,  a  nerve 
fti  situ.  Secondary  anodes  (  4  )  are 
formed  where  the  current  re  •  eaters 
the  nerve  below  the  negative  ejectrodc 
a  fter  passing  through  the  tissues  in 
which  it  is  embedded,  and  secondary 
kathodes  (  —  )  where  the  current 
passes  out  of  the  nerve  into  the  sur- 
rounding tissues  below  the  positive 
electrode. 
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electrode  will  correspond  to  an  anodic  surface  where  the  now  narrow- 
ing shad  of  lines  ol  How  niters  the  nerve,  and  a  smaller  katUodic 
surface,  where  they  emerge.  Even  if  the  two  electrodes  were  on  the 
course  of  the  nerve,  the  strcam-Uncs  would  still  cut  it  in  such  a  way 
that  uach  electrode  would  corrc*s(>otid  both  to  anode  and  kathode 
(Fig.  228). 

It  is  impossible  undt^r  these  circumstances  to  take  account  of  the 
direction  of  a  current  in  a  nerve,  or  to  connect  direction  witli  any 
specific  effect.  When  wo  place  one  of  the.  electrodes  over  the  nerve 
and  the  other  at  a  distance,  the  law  of  contraction  only  appears 
in  a  disguised  form  ;  for  since  a  kathode  and  an  anode  exist  at  each 
pole,  there  is,  with  a  current  of  sufficient  strength  ('  strong  current  '), 
excitation  at  each  both  at  make  and  break.  The  negative  make 
contraction  is,  however,  stronger  than  the  positive,  for  the  excitation 
corresponding  to  the  latter  arises  at  the  secondary  kathodic  surface, 
where  the  sheaf  of  current-lines  spreading  from  the  positive  electrode 
passes  out  of  the  nerve.  Now,  this  is  much  larger  than  the  primary 
kathixlic  surface,  through  which  the  narrow  wedge  of  stream-lines 
passes  to  reach  the  negative  electrode,  and  the  current  density  at 
the  latter  is  accordingly  much  greater.  The  positive  break-con- 
traction is,  for  a  similar  reason,  stronger  than  the  negative. 

With  a  '  weak  '  current,  the  only  contraction  is  a  closing  one  at 
the  kathode  :  with  a  '  medium  '  current  there  are  both  opening  and 
closing  contractions  at  the  positive  pole,  and  a  closing  but  no  o[)euing 
contraction  at  the  negative. 

The  conductivity  of  the  nerve,  as  we  have  seen  in  various 
examples,  is  not  necessarily  altered  in  the  same  sense  as  the 
excitability.  In  the  neighbourhoo<l  of  the  kathode  it  is  easier 
to  cause  excitation  than  in  the  normal  nerve  (increased  excit- 
ability), but  it  is  less  easy  for  an  excitation  set  up  elsewhere  to 
pass  through  (diminished  conductivity).  Change  of  temi>cra- 
ture  also,  for  certain  kinds  of  stimuli,  at  any  rate,  acts  in  the 
opposite  way  on  these  two  properties  of  nerve.  The  excita- 
bility of  frog's  ner\-e  is  increased  by  cooling  (from  35°  C.  to 
2^  C.)  for  mechanical  and  chemical  stimulation,  and  for  stimida- 
tion  by  the  opening  or  closure  of  a  voltaic  current,  unless  of  very 
short  duration  ;  but  cooling  diminishes  and  heat  increases  the 
conductivity.  Carbon  dioxide  and  monoxide  depress  the  excita- 
bility without  affecting  the  conductivity.  Alcohol  vapour  rapidly 
impairs  the  conductivity  without  for  a  time  affecting  the  excita- 
bility. On  ceasing  to  a]>ply  the  \^pour  the  conductivity  is  restored 
much  sooner  than  the  excitability  (Gad  and  Sawyer,  Piotrowski). 
Munk  found  that  in  a  dying  sciatic  nerve  certain  points  may 
be  quite  incxcitable  to  the  strongest  stimuli,  while  weak  stimula- 
tion of  points  l^nng  nearer  the  central  end  may  cause  muscular 
contraction.  These  facts  seem  to  show  that  tlje  process  by  which 
the  nerve-impulse  is  propagated  is  not  the  same  as  that  by 
which  it  is  originated,  and  therefore  is  not  merely  an  excitation 
of  each  nerve-element  by  the  one  next  it,  as  some  have  sup- 
posed. 
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Cocaine  locally  applied  to  a  nerve  dimioishes  or  abolishes  its  con- 
ductivity, according  to  the  dose.  It  exercises  a  selective  action  as 
regards  oerve-fibres  of  different  kinds,  picking  out  and  paralyzing 

sensory  fibres  before  motor ;  vagus  fibres  conducting  upwards 
before  those  conductinR  downwards,  vaso-cons  trie  tors  before  vaso- 
dilators, and  broncho-constrictors  before  broncho-dilators  (Dixon). 
Pressure  also  abolishes  the  conductivity  of  sensory  fibres  sooner  than 
that  of  motor  fibres. 

Double  Conduction. — When  a  nerve  (or  muscle}  is  stimu- 
lated artitirially,  the  excitation  runs  along  it  in  both  directions 
from  the  point  of  stimulation  ;  so  that  nerve-fibres  which  in  the 
intact  body  are  afferent  caji  conduct  im]>ulses  towards  the 
periphery,  and  efferent  fibres  can  conduct  impulses  away  from 
thu  periphery.  In  the  normal  state,  however,  double  conduc- 
tion must  seldom  occur,  for  efferent  fibres  are  connected  centrally, 
and  afferent  ftlnes  peripherally,  with  the  structures  in  which 
their  natural  stimuli  arise.  In  general^  t(.H),  an  imjmke,  if  it 
did  pass  centrifugally  along  an  afferent  fibre,  would  not  give 
any  token  of  its  existence,  for  the  pcrij)hcral  organ  would  not 
be  able  to  respond  to  it  ;  and  we  have  no  reason  to  believe  that 
the  central  mechanisms  connected  with  afTerent  fibres  are  better 
fitted  to  answer  such  foreign  and  unaccustomed  calls  as  impulses 
reaching  them  along  normally  efferent  nerves.  There  is  some 
evidence  that  muscular  excitation  is  not  carried  over  to  the  motor 
nerve-fibres  ;  in  other  words,  the  wave  of  action  flows  from  the 
nerve  to  the  muscle,  but  cannot  be  got  to  flow  backwards.  Ex- 
citation of  the  central  end  of  an  efferent  (anterior)  spinal  root 
is  not  transferred  t<i  the  corresponding  afferent  (posterior) 
root,  the  connection  between  the  efferent  and  afferent  neurons 
presenting  the  character  of  a  physiological '  valve,'  which  i)ermits 
impulses  to  pass  only  in  one  direction.  We  have  seen  that 
vaso-dilator  impulses  apparently  pass  out  to  the  limbs  over 
fibres  which,  morphologically  speaking,  are  afferent  fibres  (p.  148). 
And  we  shall  see  that  a  nutritive  influence  is  exerted  over  the 
afferent  fibres  of  the  spinal  nerves  by  the  ganglion  cells  of  the 
posterior  root  ganglia  (p.  610),  an  int^uence  which  must  spread 
along  these  fibres  in  the  opj>osite  direction  to  that  of  the  normal 
excitation. 

The  best  proofs  of  double  conduction  in  nerves,  with  artificial 
stimulation,  are  ;  (i)  The  jiropagation  of  the  negative  variation 
or  action  current  in  both  directions,  lliis  holds  for  sensory  as 
well  as  for  motor  fibres,  as  du  Bois-Reymond  showed  on  the 
posterior  roots  of  tlie  spinal  nerves  of  the  frog  and  the  optic 
nerves  of  fishes.  (2)  Stimulation  of  the  posterior  free  end  of 
the  electrical  ner\'e  of  Malapterums  (p.  650)  causes  discharge  of 
the  electric  organ,  although  the  ncrvc-impulsc  travels  normally 
in  the  opposite  direction,     (j)  H  the  lower  end  of  the  frog's 


4 


NERVE  605 

sartorius  is  split  into  two,  gentle  stimulation  of  imc  of  the  tongues 
causes  contraction  of  inflividu:i!  fibrtjs  in  the  other.  This  is 
supposed  to  be  due  to  conduction  of  the  nerv^e-impulse  up  a 
twig  of  a  nerve-fibre  distributed  to  the  one  tongue,  and  down 
another  twig  of  the  same  fibre  going  to  the  other  tongue.  A 
similar  ex|>eriment  ran  be  done  on  the  gracilis  of  the  frog.  This 
muscle  is  divided  by  a  tendinous  inscription  into  two  parts, 
each  supplied  by  a  branch  of  a  ner\'e  which  divides  after  entering 
the  muscle.  Stimulation  of  either  twig  is  followed  by  contrac- 
tion of  both  parts  of  the  muscle  (Kiihne). 

Bert's  mxich-quotcd  experiment  on  the  rat  is  valueless  as  a  proof 
of  double  conduction.  He  caused  union  of  the  ]X>int  of  the  tail 
with  the  tissues  of  tlie  back,  tla-n  divided  the  tail  at  the  root,  and 
fciund  that  stimulation  of  what  was  now  the  distal  end  caused  pain. 
From  this  he  cuiicUidod  that  the  sensor^'  fibres  of  the  *  transixjscd  ' 
tail  conducted  in  the  direction  from  root  to  tip.  But  the  conclusion 
is  not  warranted,  for  sensation  disappeared  in  the  tail  after  the 
section,  and  did  not  return  till  some  months  later,  when  the  nerve- 
fibres,  after  degenerating,  would  have  been  replaced  by  new  sensory 
fibres  growing  down  from  the  dorsal  nerves  (Ranvier).  For  a  similar 
reason  the  so-called  union  of  the  peripheral  end  of  the  cut  hj-po- 
glossal  nerve  (motor)  with  the  central  end  of  the  cut  lingual  (sensory) 
proves  nothing  as  to  double  conduction,  nor  as  to  the  possibiUty  of 
motor  nerves  taking  on  a  sensor)*  function.  For  while  sensation  is 
after  a  time  restored  in  the  affected  portion  of  tiie  tongue,  this  is 
due  to  the  growth  of  sensory  fibres  from  the  central  stump  of  the 
Ungual  down  through  the  degenerated  hvpoglossal  and  not  to  the 
conduction  upwards  of  scnsorv*  impulses  by  the  motor  fibres  of  the 
latter. 

Every  fibre  of  a  nerve  is  physiologically  ist^lated  from  the 
rest,  so  that  an  impulse  set  up  in  a  fib^'e  nms  its  course  within 
it,  and  does  not  pass  laterally  into  others  (law  of  isolated  con- 
duction). In  cnnncrtion  with  this  |>hysinloKical  fact  there  is 
the  anatomical  fact  that  ner\'e-fibres  do  not  branch  in  the 
trunk  of  a  [)eri]iheral  nerve.  It  has,  however,  been  shown 
that  bifurcation  of  nerve-fibres  may  occur  in  the  spinal  cord 
(Sherrington).  The  axis-cylinder  of  a  peripheral  nerve-fibre 
only  begins  to  branch  where  complete  isolation  of  fimction  is 
no  longer  re(]uired,  as  within  a  muscle.  The  experiment  of 
Kiihne  on  doulde  conduction,  mentioned  above,  shows  that  an 
excitation  set  up  in  one  twig  or  one  fibril  of  an  axis-cylinder 
which  has  branched  can  spread  to  the  rest. 

Velocity  of  the  Nerve-impulse. — We  have  said  that  the 
nerve-im|)u!se  travels  with  a  measurable  velocity.  It  is  now 
time  to  describe  how  this  has  been  ascertained  (p.  626).  For 
motor  fibres  the  simplest  method  is  to  stinudate  a  nerve  suc- 
cessively at  two  points,  one  ne^r  its  muscle,  the  other  as  far 
away  from  it  as  possible,  and  to  record  the  contractions  on  a 
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rapidly-moving  surface  (pendulum  or  spring  myograph)  (p.  563). 
The  apparent  latent  ];>eriod  of  the  curve  corresponding  to  the 
nearer  point  will  be  less  than  that  of  the  curve  corresponding 
to  the  point  which  is  more  remote,  by  the  time  which  the  impulse 
takes  to  pass  between  the  two  j>oints.  The  distance  between 
these  points  being  measured,  the  velocity  is  known.  Helmholtz 
found  the  velocity  for' frog's  nerves  at  the  ordinary  temperature 
of  the  air  to  be  a  Uttle  under,  and  for  human  ner\'es,  cooled  so 
as  to  approximate  to  tlie  ordinary  temperature,  a  little  over 
30  metres  per  second.  For  observations  on  man  the  contrac- 
tion cun.'cs  of  the  flexors  of  one  of  the  fingers  or  of  the  thumb 
may  be  recorded,  first  with  stimulation  of  the  brachial  plexus 
at  the  axilla,  and  then  with  stimulation  of  the  median  or  ulnar 
nerve  at  the  ellxtw.  Probably  at  the  same  temperature  there 
is  little  difference  in  the  rate  of  transmission  in  the  nerx'es  of 
warm-blooded  and  cold-blooded  animals,  but  temperature  has 
an  enormous  influence. 

By  cooling  a  froR's  nerve  Helmholtz  reduced  the  rate  to  ^\j  of  its 
value  at  the  ordinary  temperature,  and  in  the  human  arm  it  may 
vary  from  30  to  90  metres  per  second,  according  to  the  temperature, 
50  metres  being  about  the  normal  rate.  This  is  greater  than  the 
speed  of  the  fastest  train  in  the  world. 

The  passage  of  a  voltaic  current  through  an  isolated  nerve  also 
affects  the  velocity  of  the  ncrvt'-impulse.  When  the  current  is 
weak,  the  velocity  is  increased  in  the  neighbourhood  of  the  kathode, 
but  diminished  near  the  anode  ;  when  it  is  stronger,  the  velocity  is 
diminished,  not  only  around  both  poles,  but  in  the  whole  intrapolar 
area.  This  agrees  with  what  w^e  have  already  seen  as  to  the  effect  of 
the  constant  current  on  the  conductivity  of  nerve. 

The  velocity  with  which  the  negative  variation  is  propagated 
(p.  637)  is  the  same  as  that  of  the  nerve-impulse. 

In  sensory  nerves  there  is  no  reason  to  believe  that  the  velocity 
of  the  nerve  -  impulse  differs  from  that  in  motor  nerves,  but 
experiments  on  man  really  free  from  objection  are  as  yet 
wanting. 

The  usual  method  is  to  stimulate  the  skin  first  at  a  point  distant 
from  tlie  brain,  and  then  at  a  much  nearer  point.  The  person 
experimented  on,  as  soon  as  he  feels  the  stimulation,  makes  a  signal* 
say,  by  closing  or  opening  with  the  hand  a  current  connected  with 
an  electric  time-marker,  writing  on  a  moving  surface.  There  is,  of 
course,  a  me;isumble  interval  between  the  excitation  and  the  signal, 
and  this  being  in  general  longer  the  more  remote  the  point  of  stimu- 
lation is  from  the  brain,  it  is  assumed  that  Uie  excess  represents  the 
time  taken  by  the  ncrvc-impulse  to  pass  over  a  length  of  sensory 
nerve  equal  to  the  diflerence  in  the  length  of  the  path.  But  there  is 
this  difficulty,  tliat  the  propagation  of  the  impulse  from  the  point  of 
stimulation  to  the  brain  is  only  one  link  in  the  chain  of  events  of 
wliich  the  signal  marks  the  end.  The  impulse  has  first  to  be  trans* 
formed  into  a  sensation,  and  then  the  will  has  to  be  called  into  action. 
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and  an  impulse  sent  down  the  motor  nerves  to  the  liand.  And  while 
the  time  taken  by  the  excitiition  in  travelling  up  and  down  the 
[KTiphcnil  nerve-fibres  is  probably  fairly  constant,  the  time  spent  in 
the  intermediate  psychical  processes  is  vcn,'  variable. 

Chemistry  of  Nerve. — Our  knowledge  of  this  subject  is  scanty 
in  the  extreme  ;  and  most  of  what  we  do  know  has  been  obtained 
from  analyses,  not  of  the  peripheral  nerves,  but  of  the  white 
matter  of  the  central  nervous  system. 

Proteids  are  present,  especially  in  the  axis-cylinder.  They  include 
a  globuUn  and  a  nucleo-proteid. 

Substances  sohible  in  ether  include  cholesterin,  lecithin^  and  a 
glucosidc  called  cerebrin,  which  yields  a  reducing  sugar  (galactose) 
on  hydrolysis.  In  the  nervous  tis,sue  the  lecithin  is  combined  with 
cerebrin  to  form  a  compound  called  protagon.  The  cholesterin  and 
lecithin,  at  least,  belong  chiefly  to  the  medullary-  sheath,  which 
further  contains  a  kind  of  netwurk  of  a  peculiar  r&sistant  substance 
called  neurokeratin  (KuUne). 

The  neurilemma  consists  of  substances  insoluble  in  dilute  sodium 
hydrate. 

GelcUin  is  obtained  from  the  connective  tissue  which  binds  the 
nervc-ftbrcs  together.  There  may  also  be  ordinary  fat  in  the  meshes 
of  the  epineiirium  connecting  the  bundles.  Small  quantities  of 
xanthin,  nypoxanthin,  and  other  extracti\'es,  can  also  be  obtaitml 
from  nerve. 

The  composition  of  the  white  matter  of  the  brain  is  as  follows : 


Water     - 

Proteids 

Cholesterin     - 
Solids-  '-^^^^ithin 
^"^^1  Cerebrin 

Salts       - 
\Other  substances 


8 
16 
3 
3 
0-5 

»'5 


68  per  cent. 


•33  per  cent. 


An  analysis  of  the  sciatic  nerve  of  man  gave  in  round  numbers: 


Solids - 


Water    -         -         -         - 

Cerebrin,  lecithin,  choles- 
terin. and  fattv  acids        17 


66  per  cent 


1  Proteids  and  glutm 
i  Other  substances 


16 [34  per  cent. 


Nerve  -  cells  contain  no  potassium,  according  to  Macalluni  ;  and 
this  is  true  both  of  the  dendrites  and  the  axons.  In  mcdullated 
nerves,  however,  potassium  compounds  are  present  external  to  the 
axons,  chiefly  at  the  nodes  of  Ranvier  (Plate  I.)  and  in  the  neuro- 
keratin framework  of  the  sheath. 

The  only  difference  between  Uving  and  dead  ner\'©  which  has  been 
made  out  with  any  degree  of  ccrtamty  is  that  the  former  is  neutral 
or  faintly  alkaline,  and  the  Litter  acid,  in  reaction. 

Degeneration   of   Nerve. — Nerve-fibres   are    '  bound   in   the 

bundle  of  life  '  with  the  nerve-cells  from  which  their  a.\is-cylinders 

the  connection  between  cell  and  axon  once  severed,  the 
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nerve-fibre  dies  inevitably.  This  is  an  illustration  of  '.\  genei 
law  that  no  portion  of  a  cell  can  live  once  it  is  separated  from 
the  nucleus.  We  shall  sec  later  on  that  changes  also  occur  in 
the  ncrve-ccll  whose  axon  has  been  divided  from  it.  although 
Ihey  are  ol  a  different  nature  (rather  a  slow  atrophy  than  an 

acute  degeneration),  and  do 
not  necessarily  lead  to  the 
destruction  of  the  cell.  We 
must  regard  the  neuron  not 
only  as  a  morphological  unit, 
a  single  cell  from  nucleus  to 
remotest  end-brush,  hut  also 
as  a  functional  and  nutritive 
unit,  the  fortune  of  any  por- 
tion of  which  is  not  indifferent 
to  the  rest.  Thus,  when  a 
man's  arm  is  amputated  tJie 
arm  fares  worse  than  the  man, 
for  the  arm  dies.  But  the 
man  is  not  unaffected.  He 
lives,  but  he  suffers  much 
temix>rai-y  disturbance  and 
some  permanent  loss.  What 
is  left  of  him  is  not  quite  the 
same  as  it  was.  The  acute 
changes  that  occur  in  severed 
nerve  -  fibres  are  most  con- 
veniently studied  in  the  f)eri-j 
pheral  nerves,  although  essen- 
tially similar  phenomena  take] 
place  also  in  the  fibres  of  the] 
central  nervous  system. 

A  spinal  nerve  is  comjxjsed 
of  efferent  fibres  whose  cells  of 
origin  are  in  the  grey  matter  (»f 
the  anterior  bom,  and  afferent 
fibres  whose  cells  of  origin  are 
in  the  posterior  root  ganglion. 
When  such  a  nerve  is  cut 
below  the  junction  of  its  roots,] 
muscular  ]iaralysis  and  impairment  of  sensation  at  once  follow  in' 
the  region  supplied  by  the  nerve  ;  but  for  a  time  the  nerve  remains 
excitable  to  direct  stimulatirm.  The  excitability  gradually 
diminishes,  and  in  a  few  days  is  completely  gone.  If  portions  of 
the  nerve  distal  to  the  lesion  are  examined  at  different  periods^ 
after  section,  a  remarkable  process  of  degeneration  (common)] 


Fic.    : 20.— Degeneration    or    Nerve' 

FIBRER  AFTER  SbCTIOS  (BaRKKR,  AFTER 

Thoma). 

I,  normal  fibre  ;  U,  def^cneratinR  fibre  ; 
III.  further  stage  of  degeneration ; 
S,  neurileuima  ;  m,  tiicdullary  slieatb  ; 
A,  axis-cylinder :  I.,  iucisurc  ;  R,  node  ; 
mt,  drops  of  myelin  ;  a,  remains  of  axis- 
cylinder  ;  IP,  proliferating  cells  nf  neuri* 
lemma. 
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Spoken  of  as  W^Uerian  de^neration)  is  seen  to  be  going  on.  In 
the  medullated  fibres  this  begins  on  the  second  or  third  day  with 
a  swelling  of  the  axis-cylinder,  which  breaks  up  into  detached 
pieces  (fragmentation).  The  medullary  sheath  also  separates 
into  clumps  and  droplets  of  myelin.  The  nuclei  under  the 
neurilemma  prohferate  and  insinuate  themselves  between  the 
fragments  of  the  medullary  sheath  and  axis-cylinder,  which 
ultimately  disappear,  !ea\'ing  the  nerve-fibre  represented  only 
by  a  kind  of  mummy  of  connective  tissue,  in  which  the  neuri- 
lemma with  its  abnormally  numerous  nuclei  can  still  be  recog» 
nised.  The  process  l>egins  near  the  cut  end,  and  extends  gradu- 
ally to  the  [leriphery,  and  more  rapidly  in  warm  than  in  cold- 
blo<xled  animals.  In  a  mammal  it  is  far  advanced  in  a  fortnight, 
although  the  last 
remnants  of  the 
myehn  may  not 
be  absorbed  for 
months. 

In  the  degene- 
rated nerve  the  sub- 
stances soluble  in 
ether  are  relatively 
increased,  owing  in 
part  to  fatty  de- 
generation of  the 
axis-cylinder.  The 
percentage  of  jihos- 
phoras  is  markedly 
diminished  (Mott 
and  Barratt),  In 
the  portion  of  the  nerve-fibre  still  connected  with  the  nerve- 
cell  the  degeneration  only  extends  as  far  back  as  the  next  node 
of  Ranvier,  and  seems  to  be  due  to  the  direct  effect  of  the 
injury.  In  non-medullated  fibres,  such  as  the  fibres  arising  from 
the  cells  of  the  superior  cervical  ganglion  (Tuckett),  tlie  degene- 
ration is  confined  to  the  axis-cylinders.  It  begins  in  about 
twenty-four  hours  after  section,  and  the  loss  of  excitability  and 
conductivity  is  complete  by  the  fortieth  hour. 

It  follows  from  what  has  been  said  as  to  the  position  of  the 
cells  of  origin  of  the  root  fibres  of  the  spinal  nerves  that  section 
of  the  anterior  root  causes  degeneration  on  the  peripheral,  but 
not  on  the  central  side  of  the  lesion.*  Only  the  anterior  root 
fibres  in  the  mixed  nerve  degenerate. 


Fig.  2ii 


Degkwkratiom  or  Spinal  Nervc5  and 
THEIR  Roots  AriKR  Section. 


The  shading  shows  the  degenerated  portions. 


*  A  few  fibres  in  the  peripheral  stump  of  the  anterior  root  do  not 
degenerate,  and  a  few  Abres  ia  tho  central  stump  do.  These  are  the 
'  recurrent  fibres,'  whose  course  is  described  on  p.  699. 

39 


6io 


A  MANUAL  OF  PHYSIOLOGY 


Section  of  the  posterior  root  above  the  ganglioa  causes  de- 
generation of  the  central  slump,  but  not  of  the  portion  still 
connected  with  the  ganglion,  nor  of  the  posterior  root  fibres 
below  the  ganghon  or  in  the  mixed  nerve. 

Section  of  the  posterior  root  below  the  ganglion  causes  de- 
generation of  the  fibres  of  the  root  below  the  section  and  in  the 
mixed  nerve,  but  not  above  it. 

Regeneration  of  Nerve. — Degeneration  of  nerve  is  followed, 
if  its  divided  ends  are  not  kept  artificially  ajmrt,  by  a  process  of 
regeneration,  already  distinct  under  favourable  conditions  in 
from  three  to  four  weeks  after  the  section,  and  indeed  in  some 
cases  commencing  as  early  as  the  second  week.  This  consists 
in  the  outgrowth  of  new  axis-cylinders,  in  the  form  of  fine  fibres, 
from  the  ends  of  the  divided  axis-cylinders  of  the  central  stump 
of  the  ner\'e.  These  push  their  way  into  and  along  the  de- 
generated fibres,  ultimately  acquire  a  medullary  sheath,  and 
develop  into  complete  nene-fibres,  restoring  first  sensation,  and 
later  on  voluntarv'  motion,  to  the  paralyzed  |>art.  Or  they  may 
possiblv  unite  with  imperfect  fibres  developed  :n  the  peripheral 
stump.  The  process  needs  several  months  for  its  completion, 
even  in  ^^'arm-blooded  animals.  It  takes  place  under  the  influence 
of  the  nucleated  portion  of  the  neuron  (the  cell-body),  and  is 
never  completed  if  the  peripheral  and  central  portions  of  the 
ner\'"e  are  j^ermanently  separated  by  a  substance  through  which 
llie  new  axis-cylinders  cannot  grow  or  by  a  gap  too  wide  for  them 
to  bridge  over.  Wlien  the  cut  ends  of  the  ner\'e  are  carefully 
sutured  together,  the  conditions  for  complete  and  speedy  re- 
generation are  rendered  more  favourable — a  fact  which  finds 
its  appUcation  in  the  surgical  treatment  of  injured  ner^-es. 

It  is  not  as  yet  well  understood  how  the  regenerating  fibres  are 
directed  in  their  growth,  so  that  they  join  their  centres  to  the 
appropriate  end-organs  without  mistake.  Doubtless  the  old  nerve- 
sheaths  scr\'c  to  some  extent  as  guides  by  ofiering  to  the  new  irnnra 
a  path  of  least  resistance.     That  this  is  the  case  is  indicated  by  tbe 

results  of   cruss-suturing  such  ncrxes   as   the   median  and  ulnar 

i.#.»  of  uniting  the  central  end  of  ihc  one  with  the  peripheral  end  of  the 
other.  Howell  and  Hubcr  found  that  after  this  opcrattoa  in  the  Ao^, 
boCh  co-ordinated  voluntar\'  motion  and  sensation  returned  in  laivc 
mcasnrc  in  the  parts  suppbed  by  the  neries.  Here  tbe  motor 
fibres  ol  the  median  nerve  must  of  course  ha\^  made  connectiott 
wHh  moscle*  previously  supplied  b\-  the  ulnar,  being  guided  to  *>**— 
along  the  nerve-sbeaths  of  the  latter.  That  ^Kre  is  somethniE 
more,  however,  seems  evident  from  the  experiments  of  Langfev  on 
receneraUon  of  the  cervic^  SNinpatbetic  m  the  cat  aftrr  mm'«  mmi 
bdow  the  superior  cerv-icai  ganglioo.  Tbe  nerve  contains  fibres  ol 
v^riooB  fuDCtioos  which  reach  it  from  the  upper  tbocactc  ncrws. 
The  anterior  roots  of  the  6rst  and  third  thor^cxDCTvcs  sapply  tbe 
■*■ — ical  s>-mpatbetk  mainK*  with  fibres  which  cod  in  tbe  " 

-  cells  that  give  ofi  dilator  fibfes  ior  tbe  pnptL     Tbe 
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connected  w-ith  the  cells  in  the  p^anglion  wluch  send  vaso-motor  fibres 
to  the  vessels  of  the  car  arc  fnr  the  most  part  contained  in  the  anterior 
roots  of  the  second  and  filth  thoracic  nerves  ;  and  the  fibres  connected 
with  the  cells  that  give  origin  to  thf;  pilo-motor  fibres  for  the  hairs 
of  the  face  and  neck  in  the  anterior  rn<its  of  the  fourth  to  the  seventh. 
Stimulation  of  any  one  of  the  upper  thoracic  roots  accordingly  causes 
a  specific  effect,  which,  according  to  Laugley,  is  in  general  the  same 
after  regeneration  as  before  section  of  the  cervical  sympathetic. 
Wc  must  assume,  therefore,  that  each  regenerating  fibre  seeks  cut 
either  the  ganglion  cell  with  which  it  was  originally  connected,  or 
one  belonging  to  the  same  class.  But  under  certain  conditions  these 
prc-g-anglionic  nervc-ftbrcs  (that  is  to  say.  nerve-fibrca  running 
from  the  spimil  cord  to  end  around  the  sympathetic  ganglion 
cells)  can  form  connections  with  nerve-cells  of  a  different  class 
— e.g.,  pupillo-dilators  with  cells  whose  axons  end  in  the  erector 
muscles  of  the  hairs.  Further,  after  section  of  the  sympathetic 
al>ove  the  superior  cer^^cal  ganglion,  the  post-ganglionic  nerve- 
fibres  {i.e.,  the  fibres  coming  otl  from  the  cells  of  the  ganglion) 
may  also,  if  the  opportunity  be  favourable  during  regeneration, 
exchange  their  old  end-org<^ns  for  new  ones  ;  pilo-motor  fibres,  (or 
instance,  finding  their  way  into  the  iris  and  becoming  pupillo- 
dilators.  After  excision  of  the  sujxrior  cervical  ganglion  the 
cervical  sympathetic  docs  not  recover  its  function.  Accordingly 
the  prc-ganglionic  fibres  cannot  form  direct  functional  connection 
with  the  peripheral  tissues,  but  can  become  connected  with  them 
only  indirectly  through  the  axons  of  the  ganglion  cells. 

It  is  a  remarkable  and  as  yet  unexplained  fact  that  regeneration 
of  the  fibres  of  the  central  nervous  system  either  does  not  in  general 
occur,  or  is  exceedingly  difficult  to  realize.  It  has.  however,  been 
shown  that  regeneration  of  the  fibres  which  proceed  from  the  colls 
of  the  spinal  ganglia  along  the  posterior  roots  into  the  cord  may 
take  place  after  the  roots  litive  been  cut,  so  that  the  normal  reflexes 
through  the  respiratory,  cardiac,  and  vaso-motor  centres  may  be 
once  more  obtained. 

Although  the  establishment  of  connection  vnih  the  central  end 
of  the  cut  nerve  is  necessary  for  complete  regeneration,  it  must  not 
be  supix>sed  that  no  share  whatever  is  taken  in  the  process  by  the 
peripheral  stump.  Even  wliile  it  remains  completely  isolated  from 
the  central  ner\'ous  system  changes  occur  which  can  only  be  inter- 
preted as  forming  a  stage  in  the  regenerative  cycle.  Spindle-shaped 
cells  or  fibres  with  elongated  nuclei  make  their  appearance,  appar- 
ently produced  by  the  proliferation  of  the  nuclei  of  the  primitive 
sheath,  and  the  increase  of  the  protoplasm  in  which  these  nuclei  are 
embedded.  These  fibres  may  appear  long  before  the  remains  of 
the  degenerated  axis-cylinder  and  mvehn  sheath  have  been  com- 
pletely removed.  Beyond  this  they  do  not  develop  so  long  as  the 
peripheral  portion  of  the  nerve  remains  completely  isolated,  but 
[-ccithcr  do  they  disapi>ear  even  after  a  very  long  interval.  When 
Strict  precautions  against  union  with  other  nerve  trunks  were  taken 
the  radial  nerve  of  an  adult  cat  was  found  in  this  resting-stagc  nearly 
a  year  and  a  half  after  division,  and  the  same  was  true  after  two 
years  and  a  half  in  a  nerve  divided  in  a  human  being.  The  fibres 
are  incapable  of  tnung  excited  or  of  conducting  ncrx-e  impulses. 
Very  sliortly  after  being  brought  into  connection  with  the  central 
portion  of  the  same  or  of  another  nerve  by  careful  suturing  the 
spindle   cells  begin    to   lengthen,  and    form   non-medullatcd  fibres, 
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like  those  of  the  sympathetic.  Four  weeks  after  union  the  afferent 
fibres,  although  still  non-mcdullatcd,  are  capable  of  beine  stimulated 
meclianically  and  electrically,  and  ol  conducting  impulses  towards 
the  centre.  In  about  eight  weeks  they  become  meduMated*  but  at 
first  are  of  small  calibre  (Head  and  Ham).  Others  beheve  that  the 
development  may  go  on  even  in  a  perfectly  isolated  piece  of  nerve 
to  the  stage  of  fine  immature  mcdullated  fibres  not  possessing  the 
normal  proi^crtics  of  excitability  and  conductivity,  and  that  in  a 
very  short  time  after  vmion  by  suture  with  the  central  end  they 
acquire  these  properties  (Kennedy).  Some  observers  have  even 
stated  that  complete  regeneration  occurs  in  nerves  entirely  separated 
from  their  centres  (autogenetic  theory).  But  the  balance  of  evidence 
is  against  this. 


Degeneration  of  Muscle. — Experimental  section  or,  in  man, 
traumatic  division  or  compression  of  a  nerve  leads  not  only  to 
its  degeneration,  but  ultimately,  if  regeneration  of  the  nerve 
does  not  take  place,  to  degeneration  of  the  muscles  supplied  by 
it  as  well.  The  muscle-fibres  dwindle  to  a  quarter  of  their  normal 
diameter  ;  the  stripes  disappear  ;  the  longitudinal  fibrillation 
fades  out  :  and  at  length  only  hyaline  moulds  of  the  fibres  are 
left,  filled  and  separated  by  fatty  granules  and  globules,  and 
surrounded  by  engorged  capillaries,  .\midst  the  general  decay, 
the  muscular  fibres  of  the  terminal  '  spindles  "  with  which  the 
afferent  nerves  of  muscles  are  connected,  alone  remain  un- 
changed (Sherrington).  Certain  diseases  of  the  cord  which 
interfere  with  the  cells  of  the  anterior  horn  cause  degeneration 
of  motor  nerves,  and  ultimately  of  muscles.  The  motor  nerv^e- 
endings  degenerate  sooner  than  the  sensor^'.  Both  may,  under 
suitable  conditions,  regenerate  (Huber). 

Reaction  of  Degeneration. — Muscles  whose  motor  nerves 
have  been  separated  from  their  tiophic  centres  show,  when 
a  certain  stage  in  degeneration  has  been  reached,  a  pecidiar 
behaviour  to  electrical  stimulation,  called  the  '  reaction  of 
degeneration."  To  the  constant  current  the  muscles  are  more 
excitable,  and  the  contraction  slower  and  more  prolonged  tlian 
normal.  When  a  current,  either  constant  or  induced,  is  passed 
through  a  normal  muscle,  the  muscular  fibres  may  be  stimu- 
lated either  directly  or  indirectly  through  the  intramuscular 
nerves.  Under  ordinary  conditions  the  nerves  respond  more 
readily  than  the  muscular  fibres,  especially  to  momentary 
stimuli  like  induction  shocks,  and  therefore  the  so-called 
direct  stimulation  of  uncurarized  muscle  is,  as  a  rule,  an 
indirect  stimulation.  When  the  muscle  is  curari2ed  and  the 
nerves  thus  eliminated,  the  excitability  to  induced  currents  is 
found  to  be  diminished.  The  same  is  the  case  in  a  muscle  which 
exhibits  the  reaction  of  degeneration  after  section  of  its  motor 
nerve,  only  the  loss  of  excitability  to  induced  currents  is  greater, 
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and  may  even  be  complete.    The  closing  anodic  contraction  is 

stronger  than  the  closing  kathodic — the  opposite  of  the  ordinary 
law.  The  nerves  are  inexcitable  either  to  constant  or  induced 
currents.  The  reaction  of  degeneration  is  only  obtainwl  from 
paralyzed  muscles  when  the  jjaralyzing  lesion  is  situated  in  the 
cells  of  the  anterior  horn  from  which  the  motor  nerves  take 
origin,  or  below  that  level.  Accordingly,  it  is  sometimes  of  use 
in  Jocaliising  the  position  of  a  lesion.  For  instance,  a  group  of 
muscles  might  be  paralyzed  by  a  lesion  in  the  grey  matter  of 
the  brain  or  in  the  nerve-fibres  connecting  this  with  the  grey 
matter  of  the  anterior  horn  of  the  cord,  or  in  the  grey  matter  nf 
the  anterior  horn  itsuH,  or  in  the  |>eripherai  ner\'e-hl>res  leading 
from  this  to  the  muscles.  In  the  hrst  two  cases  the  reaction 
of  degeneration  would  be  absent,  although  the  muscles,  if  the 
lesion  was  of  long  standinj^,  would  be  atro]>hied  to  some  extent  ; 
in  the  last  two  there  would  he  acute  atropliy  of  the  muscles,  and 
the  reaction  ol  degeneration  would  be  obtained. 

Trophic  Nerves. — There  is  no  question  that  nerves  exert 
a  very  important  influence  upon  the  nutrition  of  the  parts 
supplied  by  them,  in  influencing  the  specific  function  of  those 
parts.  So  that  in  this  sense  all  nerves  are  trophic  nerves. 
The  fact  that  the  pro]ier  nutrition  of  nerve-fibres  and  ^^triated 
muscular  fibres  is  dependent  on  their  connection  with  ner\'e- 
cells  has  been  by  some  writers  generalized  into  the  doctrine 
that  all  tissues  are  provided  with  '  trophic '  ner\'es,  which, 
apart  from  any  influence  on  functional  activity,  regulate  the 
nutrition  of  the  organs  they  supply.  But  the  evidence  for  this 
view,  when  weighed  in  the  balance,  is  found  wanting ;  and  it  may 
be  said  that  up  to  the  present  no  unequivoatl  prooj,  experimental 
Of  dinicaly  has  ever  been  given  of  the  existence  of  specific  trophic 
fibres,  analomicullv  iiisiinct  from  other  efferent  or  afferetU  n^ves. 

It  is  true  that  division  of  the  trigeminus  nerve  within  the  skull 
is  sometimes  followed  by  cloudiness  of  the  cornea,  going  on  to 
ulceration,  and  ultimately  inflammation  and  destniclion  of  the 
eyeball.  Ulcers  also  form  on  the  li]>s  and  on  the  mucous  mem- 
brane of  the  mouth  and  gums  ;  and  the  nasal  mucous  membrane 
on  the  side  corresponding  to  the  divided  ner\'e  becomes  inflamed. 
But  in  this  case  the  sensibility  of  the  eye  is  lost,  and  reflex 
closure  of  the  eyelids  ceases  to  prevent  the  entrance  of  foreign 
bodies.  The  animal  is  no  longer  aware  of  the  contact  of  particles 
of  dust  or  bits  of  straw  or  accumulated  secretion  with  the  con- 
junctiva, and  makes  no  effort  tt»  remove  them,  The  lips.  I>eing 
also  without  scnsatitin,  are  hurt  Ity  the  teeth,  jKirticularly  as 
the  muscles  of  mastication  rm  the  side  of  the  divided  nerve  are 
paralyzed,  and  decom|>t3sed  food,  collecting  in  the  mouth,  and 
inhaled  dust  in  the  nose,  will  tend  still  further  to  irritate  the 
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mucous  membranes.  There  is  thus  no  more  need  to  assume 
the  loss  of  unknown  trophic  influences  in  order  to  explain  the 
occurrence  of  the  ulcerative  changes  than  tliere  is  to  explain 
the  i>roduction  of  ordinary  bed-sores,  bunions  or  corns  on  parts 
j)ecul!ar]y  liable  to  pressiue.  And,  as  a  matter  of  fact,  if  the 
eye  be  artificiallv  protected,  after  section  of  the  trigeminal  nerve, 
the  ophthalmia  either  does  not  occur  or  is  mnrh  delayed. 

In  man,  too,  a  case  has  been  recorded  in  which  both  the  fifth 
and  the  third  ner\-es  were  paralysed.  The  eye  was  still  shielded 
by  the  contraction  of  the  orbicularis  oculi  supplied  by  the 
seventh  nerve,  as  well  as  by  the  drooping  of  the  upper  eyelid 
that  accompanies  paralysis  of  the  third.  It  remained  perfectly 
sound  for  many  months,  till  at  length  the  tumour  at  the  base  of 
the  brain  which  had  aftected  the  other  nerves  involved  the 
seventh,  too.  The  eye  was  now  no  longer  completely  closed ; 
inflammation  came  on,  and  vision  was  soon  permanently  lost 
(Shaw),  In  another  case  a  patient  lived  for  seven  years  with 
comjilete  paralysis  of  the  fifth  nerve,  yet  the  eye  remained  free 
from  disease  and  sight  was  unimpaired  (Gowers). 

The  so-called  *  trophic  '  effects  following  division  of  both  vagi 
we  have  already  discussed  (p.  209)  so  far  as  they  are  concerned 
with  the  res[>iratory  system.  Tlie  degenerative  changes  some- 
times seen  in  the  heart  are  perhaps  due  to  its  being  overworked 
in  the  absence  of  nervous  restraint  on  its  functional  activity. 
The  nutritive  alterations  in  muscles  and  salivary  glands  after 
section  of  motor  and  secretory  nerves  seem  to  depend  in  |)art 
on  functional  and  vaso-motor  changes.  In  the  paralyzed  muscles 
nutrition  is  not  only  interfered  with  in  consequence  of  their 
inactivity,  as  would  be  the  case  even  if  the  paralysis  were  due 
to  a  lesion  above  the  level  of  the  anterior  cornual  cells,  but  the 
already  poorly  nourished  fibres  are  continually  pressed  u^>on  by 
the  capillaries,  which  are  dilated  owing  to  the  division  of  the 
vaso-motor  nerves.  The  degeneration  must  also  be  in  part 
ascribed  to  the  loss  of  a  tonic  influence  exerted  on  the  muscles 
by  the  motor  cells  of  the  spinal  cord,  through  the  ordinan,-  motor 
nerves  (p.  713). 

Section  of  the  cervical  sympathetic  in  young  rabbits  and  dogs 
is  said  to  increase  the  growth  of  the  car  and  of  the  hair  on  the 
same  side  ;  but  it  is  impossible  to  separate  these  consequences 
from  the  vaso-motor  paralysis  ;  and  the  same  is  true  of  the 
hypertrophy  following  section  of  the  vaso-motor  nerves  of  the 
cock's  comb  and  of  the  nerves  of  the  bones.  After  section  of 
the  suj>enor  laryngeal  the  vocal  cord  on  the  side  of  the  section 
is  at  once  rendered  motionless,  and  remains  so,  but  the  muscles, 
notwithstanding  their  inaction,  do  not  degenerate.  And  Mott 
and  Sherrington  have  found  that,  although  section  of  the  pes- 
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terior  roots  in  monkeys  is  followed  after  a  time  (three  weeks 

to  three  months)  by  ulceration  over  certain  portions  of  the 
foot,  no  corresfMjnding  lesions  occur  in  the  hand.  They  beUeve, 
therefore,  that  tlio  lesions  are  not  due  to  the  withdrawal  of  a 
reflex  trr>|itiic  torn'.  Imt  are  accidental  injuries  in  positions 
specially  exposinl  {a  mechanical  or  microbic  insults. 

One  of  the  best  examples  of  interference  with  the  proi>er 
nutrition  of  a  part  produced  by  a  lesion  in  the  nerves  supplying 
it  is  an  eruption  (hcr|>es  zoster),  limited  to  the  skin  supplied  by 
the  nervL'-fibres  coming  from  one  or  more  spmal  ganglia,  and 
depending  on  an  inflammatory  change  in  the  ganglia. 

Omitting  the  group  of  '  trophic  '  nerves,  and  the  even  more 
pro!)lematical  '  thermogenic  '  fibres  (which  some  have  sup- 
posed to  preside  over  the  production  of  heat,  and  therefore  to 
assist  in  the  regulation  of  the  tem[>erature  of  the  body,  but  of 
whose  existence  as  distinct  and  si)ecific  nerve-tibres  with  no 
otlier  function  there  Ls  not  the  slightest  proot),  i_>eriphcral  nerves 
may  be  classified  as  follows  : 


Centripetal 

or  afferent 

fibres 


Nerves  of  special  sensalum 


/Smell. 
I  Taste, 
i  f!c;iring. 
V  Sight. 


2,  Nerves  of  general  sensation 


.*  Possibly  nerves  other  than 
those  inchuicd  under  i 
and  2,  concerned  in 
reflex  changes  in 


Tactile  sensation  {per- 
haps inchiding  the 
nerves    of    muscular 

I     sense). 
Temperature. 
Puin. 
y  Calibre  of  small  arteries 
(pressor,  depressor). 
Action  of  heart. 
Respiratory    move- 
ments. 
Visceral  movements, 
(ilandular  secretion. 
I  Ordinary  skeletal 
>     muscles. 
Skeletal  muscles 
Visceral       „ 

i  Vaso-constrictor. 
Motor  nerves  for   Vascular     „        {Cardio-augmcn- 

l     tor. 
I  Erector    muscles    of    hairs    (|»lo- 
'^     motor  fibres). 

r  Visceral  muscles 

2.  Inhibitory  nerves  for-  f  Vaso-dilator. 
I  Vascular       „      I  Cardio  -  inlu- 

3.  Secretor\'  nerves  I      bitor>'. 

*  It  is  not  knc'wn  uhrtlier  the  afierent  portion  of  a  reflex  arc  is  always 
composed  ol  fibrr;^  included  in  the  first  two  categories,  although  un- 
doubtedly ic  some  cases  it  is. 


CenlrifuRal 

or  efferent 

fibres 
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PRACTICAL  EXERCISES  OX  CHAPTERS  IX.  AND  X. 

1.  Difference  of  Make  and  Break  Shocks  from  an  Induction 
Machine. — Connect  a  Daniel!  or  other  cell  B  (p.  535)  with  the  two 
upper  binding-screws  of  the  primar\'  coil  P,  and  interpose  a  spring 
key  K  in  the  circuit.  Connect  a  pair  of  electrodes  with  the  binding- 
screws  of  the  secondary  coil  (Fig.  231 ). 

Electrodes  can  be  very  simply  made  by  pushing  copper  wires 
tlirough  tM'o  glass  tubes,  filling  the  ends  of  the  tube^  with  sealing- 
wax,  and  binding  them  together  with  waxed  thread.  The  projecting 
p)ints  may  be  filed,  and  the  ner\'e  laid,  directly  on  them,  or  they 
may  be  tipped  with  smuU  pieces  of  platinum  wire  soldered  on. 

(a)  Push  the  secondary  away  from  the  priniar>'»  until  no  shock  can 
be  felt  on  the  tongue  when  the  current  from  the  battery  is  made  or 
broken  with  the  key.  Then  bring  the  secondary  gradually  up 
towards  the  primary,  testing  at  everj'  new  position  whether  the  shock 
is  perceptible.  It  will  be  felt  first  at  break.  If  the  secondary  is 
pushed  still  further  up.  a  shock  will  be  felt  both  at  make  and  at 
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Fio.  i^t. — Arranoemjcnt  op  Coil  for  Single  Shocks. 

break.  From  this  we  Icam  that  for  sensory  nerves  the  break  shock 
is  stronger  than  the  make.  The  same  can  easily  be  demonstrated 
for  motor  nerves  and  for  muscle. 

{b)  Smoke  a  drum  and  arrange  a  myograph,  as  shown  in  Fig.  234, 
But  omit  the  brass  piece  F,  and  do  not  connect  the  primary  through 
the  drum,  as  there  shown,  but  connect  it  as  in  Fig.  2^1.  Pith  a  frog 
(brain  and  cord),  and  make  a  muscle-nerve  preparation. 

To  make  a  Muule-nerve  Preparation. — Hold  the  frog  by  the  hind- 
legs  back  upwards  ;  the  front  part  of  the  body  will  hang  down, 
making  an  angle  with  the  posterior  portion.  \Vith  strong  scissors 
divide  the  backbone  anterior  to  tliis  angle,  and  cut  away  all  the 
front  portion  of  the  body,  which  will  fall  do\s-n  of  its  own  weight- 
Make  a  circular  incision  at  the  level  of  the  tendo  Achillis.  and  anoUier 
at  the  lower  end  of  ihc  femur,  through  the  skin.  The  sciatic  nerve 
must  now  be  dissected  out.  as  follow?  :  Remove  the  skin  from  the 
thigh,  and.  holding  the  leg  in  the  left  hand,  slit  up  the  fascia  which 
connects  the  external  and  internal  groups  ol  muscles  on  the  back 
a  tbj^  Ibigh.  Complete  the  separation  with  the  two  thumbs.  Cut 
*Mhe  iliac  bone,  taking  care  that  the  blade  of  the  scissors  is 
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well  pressed  against  the  bone,  otherwise  there  is  danger  of  severing 
the  sciatic  plexus.  Now  divide  in  the  middle  line  the  part  of  the 
spinal  column  which  remains  above  the  urostyle.  A  piece  of  bone 
is  thus  obtained  by  means  of  which  the  nerve  ain  be  manipulated 
without  injurs'.  Seize  this  piece  of  bone  with  the  forceps,  and 
carefully  free  the  sciatic  plexus  and  nerve  from  their  attach- 
ments right  down  to  the  gastrocnemius  muscle,  taking  care  not  to 
drag  upon  the  nerve.  The  muscles  of  the  thigh  will  contract,  as  the 
branches  going  to  them  are  cut.  This  is  an  instance  of  meclianical 
stimulation.  Now  pass  a  thread  under  the  tendo  Achillis,  tie  it, 
and  divide  the  tendon  below  it.  Strip  up  the  tube  of  skin  thai  covers 
the  gastrocnemius,  as  if  the  finger  of  a  glove  were  being  taken  off. 
Tear  through  the  loose  connective  tissue  between  the  muscle  and 
the  bones  of  the  leg,  and  divide  the  latter  with  scissors  just  below 
the  knee.     Cut  across  the  thigh  at  its  middle. 

Kix  the  preparation  on  the  cork  plate  of  the  myograph  by  a  pin 
passed  througn  the  cartilaginous  lower  end  of  the  femur,  and  attach 
the  thread  to  the  upright  arm  of  the  lever  by  one  of  the  holes  in  it. 
Hang  not  far  from  tnc  axis  by  means  of  a  hook  a  small  leaden  weight 
(5  to  lo  grammes)  on  the  arm  of  the  lever  which  carries  the  wTiting- 
point.  and  move  the  myograph  plate  or  the  muscle-nerve  preparation 
until  this  arm  is  just  horizontal.  Fasten  the  electrodes  from  the 
secondary-  coil  on  the  cork  plate  with  an  indiariibbcr  band  ;  lay  the 
nerve  on  them  ;  and  cover  both  muscle  and  nerve  with  an  arch  of 
blotting- imper  moistened  with  physiological  salt  sohition,  taking  care 
that  the  olotting-papcr  does  not  touch  the  thread.  Or  put  the  pre- 
paration in  a  moist  chamber.  Adjust  the  writing-point  to  the  drum. 
Begin  u-ith  such  a  distance  between  the  coils  that  a  break  con- 
traction is  just  obtamcd  on  opening  the  key  in  the  primary  circuit, 
but  no  make  contraction.  The  lever  will  trace  a  vertical  line  on 
the  stationary  drum.  Head  atf  on  the  scale  of  the  induction 
machine  the  diatanco  between  the  coils,  and  mark  this  on  the  drum. 
Now  allow  the  drum  to  move  a  little,  still  keeping  the  writing-point 
in  contact  with  it  ;  then  push  up  the  secondary  coil  i  centimetre 
nearer  the  primary,  and  close  the  key.  If  there  Vs  a  contraction,  let 
the  drum  move  u  little  before  ttpening  the  key  ag>iin.  so  that  the  lines 
corrcsjKinding  U)  make  and  break  may  be  separrUed  from  each  other. 
If  there  is  stdl  no  contraction  at  make,  go  on  moving  the  secomlary 
up,  a  centimetre  (or  less)  at  a  time,  till  a  make  contraction  appears. 
When  the  coils  are  still  further  approximated,  the  make  may  become 
equal  in  height  to  the  break  contraction,  both  being  maximal — (,r., 
as  great  as  the  muscle  can  give  with  any  single  shock  (Fig.  232). 

(c)  .Mtach  a  thin  insulated  copper  wire  to  each  terminal  of  the 
secondary.  Loop  the  bared  end  of  one  of  the  wires  through  the 
tendo  Achillis,  and  coil  the  other  round  the  pin  in  the  femur,  so 
that  the  shocks  will  pass  through  the  whole  length  of  the  muscle. 
Repeat  the  experiment  oi  (^),  with  direct  stimulation  of  the  muscle. 

2.  Stimulation  of  Nerve  and  Muscle  by  the  Voltaic  Current. — (a) 
Connect  a  Daniel!  cell  tlu't>ugh  a  key  with  a  pair  of  electrodes  on 
which  the  nerve  of  a  muscle-ner\'e  preparation  lies.  Observe  that 
the  muscle  contracts  when  the  current  is  closed  or  broken,  but  not 
during  its  passage. 

Connect  the  cell  with  a  simple  rheocord.  a.s  shown  in  Fig.  2}t^,  so 
that  a  twig  of  the  current  of  any  desired  strength  may  he  sent  through 
the  nerve.  As  the  strength  of  the  current  is  decre;ise*l  by  moving 
the  slider  S.  it  vnW  be  found  that  it  first  t>ecomes  inifmssible  to  obtain 
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a  contraction  at  break.  The  current  must  be  still  further  reduced 
before  the  make  contraction  disappears,  for  the  closing  of  a  galvanic 
stream  is  a  stronger  stimulus  than  the  breaking  of  it.  The  brea 
or  make  contraction  obtained  by  stimulating  a  ncr\-c  with  an  in 
duction-machine  must  not  be  confused  wntli  the  break  or  make 
contraction  caused  by  the  %'oltaic  current.  In  the  case  of  the 
induction  machine,  the  break  or  make  applies  merely  to  what  is  done 
in  the  primar\'  circuit,  not  to  wliat  happens  to  the  current  actually 


TRACTIONS  CAUREP  8V  MaKE  AMD  BREAK  SnOCKS  FROM  AN 

Inductioh  Macuine. 

M,  make,  B,  break,  contractioos.     The  numbers  give  the  distance  between  the 
primary  and  secondary  coils  in  rentlmetres. 

passing  through  the  nerve.  The  rurrcnt  induced  in  the  secondary'  at 
make  of  the  primary  circuit  is,  of  course,  both  made  and  broken  in 
the  nerve — made  when  it  begins  to  flow,  broken  when  the  flow  is 
over ;  the  shock  induced  at  break  of  the  primary  is  also  made  and 
broken  in  the  ner\'c.  And  although  make  and  break  of  the  actual 
stimulating  current  come  very  close  together,  the  real  make,  here, 
too,  is  a  stronger  stimulus  than  the  real  break. 
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I'iG.  333.— Simple  Rheocord'arrakgeh  to  send  a  Twig  op  a  Current 

THROUGH    A    MlJSCLE    OR    NeRVE. 

B.  battery  t  R.  rheocord  wire  (Germao  silver) ;  S.  slider  formed  of  a  short  piece 
of  thick  indlarubbcr  tubing  Blled  with  mercury  ;  K,  spring  key  :  W,  W, 
connected  with  electrodes. 

(6)  Repeat  (a)  with  the  muscle  directly  connected  by  thin  copper 
wires,  or,  better,  unpolarizable  electrodes  (p.  545).  to  the  cell. 

3.  Mechanical  Stimulation. — Pith  a  frop.     Cut  away  the  anteri< 
portion  of  the  body,  dissect  out  one  sciatic  nerve,  ancl  separate  tl 
leg  to  which  it  belongs  from  the  other.     Pinch  the  end  of  the  nei 
or  prick  the  muscles,  and  they  contract. 

4.  Thermal  Stimulation. — Touch  the  nerve  of  the  same  prcpai 
tion  with  a  hot  wire  :  the  muscle  contracts.     The  uer\*e  is  lulled 
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the  point  of  contact*  but  can  be  again  stimulated  by  touching  it  with 
the  wire  lower  dowTi, 

5.  Chemical  Stimulation. — (a)  Cut  off  the  injured  portion  of  the 
nerve  used  iu  3  and  4.  Apply  to  the  cut  end  a  cr\'stal  of  common 
salt,  or  let  the  nerve  dip  into  a  watch-glass  containiirg  a  saturated 
solution  of  salt.  In  a  short  time  the  muscles  supplied  by  the  nerve 
bcRin  to  twitch,  and  soon  enter  into  irregular  tetanus.  Take  a 
tracing  of  the  contractions.  Cut  off  the  piece  of  nerve  in  contact 
with  the  silt,  and  the  tel:inus  stops.  This  shows  that  the  seat  of 
irritation  is  the  portion  of  the  nerve  on  which  the  salt  has  acted  ; 
since  water  luis  also  been  withdrawn  from  the  nerve  by  osmosis,  this 
experiment  i^  not  an  example  oi  pure  chemical  stimulation.  Contrac- 
tion can  also  be  caused  by  applyinj^^  the  salt  directly  to  the  muscles. 

{b)  Wrap  the  leg  in  blotting-paper  moistened  ^vith  physiological 
salt  solution,  and  expose  the  nerve  to  the  vapour  of  strong  ammonia  ; 
it  will  be  killed,  but  not  stimulated,  for  the  muscles  will  not  contract. 
Expose  the  muscles  themselves  to  the  ammonia,  and  contraction 
will  occur.  Accordingly  muscle  is  stimulated  by  ammonia,  while 
nerve  is  not. 

6.  Ciliary  Motion.— Cut  away  the  lower  jaw  of  the  same  frog,  and 
place  a  small  piece  of  cork  moistened  with  physiological  salt  solution 
(o'75  i>er  cent.)  on  the  ciliated  surface  of  the  mucous  membrane 
covering  the  roof  of  the  mouth.  It  will  be  moved  by  the  ciUa  down 
towards  the  gullet.  Lay  a  small  rule,  divided  into  millimetres,  over 
the  mucous  membrane,  and  measure  with  a  stop-watch  the  time  the 
piece  of  cork  takes  to  travel  over  10  millimetres.  Then  pour  salt 
solution  heated  to  30*  C.  on  the  ciliary  surface,  rapidly  swab  with 
blotting-paper,  and  repeat  the  observation.  The  piece  of  cork  \vill 
now  be  moved  more  quickly  than  before,  unless  the  salt  solution  has 
been  so  hot  as  to  injure  the  cilia. 

7.  Direct  Excitability  of  Muscle. — Action  of  Curara, — Pith  the 
brain  of  a  frog,  and  prevent  bleeding  by  inserting  a  piece  of  match. 
Expose  the  sciatic  nerve  in  the  thigh  on  one  side.  Carefully  separate 
it,  tor  a  length  of  half  an  inch,  from  the  tissuc-s  in  which  it  lies.  Pass 
a  strong  thread  under  the  nerve,  and  tie  it  tightly  round  the  limb, 

^^ excluding  the  nerve.  Now  inject  into  the  dorsal  or  ventral  lymph- 
^^hsac  a  few  drops  of  a  1  per  cent,  curara  solution.  As  soon  as  paralysis 
^^Eis  complete,  make  two  muscle-nerve  preparations,  isolating  the 
^^■Sciatic  ner\'cs  right  up  to  the  vertebral  column.  I-ay  their  upper 
^^^ends  on  electrodes  and  stimulate  ;  the  muscle  of  the  ligatured  limb 
^^B  will  contract.  Tliis  proves  that  the  nerve-trunks  are  not  paralyzed 
^^rby  curara,  since  the  ]X)ison  has  been  circulating  in  them  above  the 
hgature.  The  muscle  of  the  leg  which  was  not  Ugaturcd  will  contract 
if  it  be  stimulated  directly,  although  stimulation  of  its  nerve  has  no 
effect.  The  muscular  fibres,  accordmgly,  arc  not  paralyzed.  The  seat 
of  paralysis  must  ihereforc  be  some  structure  physiologically  inter- 
mediate between  the  nerve-trunk  and  ihe  muscular  fibres  (p.  554). 

H.  Graphic  Record  of  a  Single  Muscular  Contraction  or  Twitch. — 
Pith  a  frog  (brain  and  cord),  make  a  mu5clc-ncr\'c  preparation,  and 
arrange  it  on  the  myograph  plate,  as  in  i  (6).  Lay  the  nerve  on 
electrodes  connected  with  the  sec(mdar\*  coil  of  an  induction  machine 
arranged  for  single  shocks.    Introduce  a  short-circuiting  key  (Fig.  igi, 

C.  546)  between  the  electnxlcs  and  the  secondan,-  coil,  and  a  spnng 
cy  m  the  primarj'  circuit.  Close  the  short-circuiting  key.  and 
then  press  down  the  spring  key  with  the  finger.  I^t  the  drum  off 
fast  speed) ;  the  writing-point  will  trace  a  horizontal  abscissa  line. 
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Open  the  short-circuiting  key,  and  then  remove  the  finger  from  the 
spring-key.  The  nerve  receives  an  opening-shock,  and  the  muscle 
traces  a  curve.  Now  adjust  the  writing-point  of  an  electrical 
tuning-fork  (Fig.  234),  vibrating,  say,  100  times  a  second,  to  the 
drum,  and  take  a.  time-tracing  below  the  muscle-curve.  Stop  the 
drum,  or  take  off  the  writing-point,  the  moment  the  time-tracing  has 
completed  one  circumference  of  the  drum,  so  that  the  trace  may  not 
run  over  on  ilsclt.  Cut  oR  the  drum-pai.)cr,  write  on  it  a  brief 
description  oi  the  experiment,  with  the  lime-value  of  each  vibration 
of  the  fork,  the  date,  and  the  name  of  the  maker  of  the  tracing,  and 
then  varnish  it.  An  exactly  similar  tracing  can  be  obtained  by 
directly  stimulating  the  muscle  (curarized  or  not). 

Q.  Influence  pf  Temperature  on  the  Muscle-curve. — Pith  a  fr 
(brain  and  cord),  make  a  musclc-ncrve  preparation,  and  arrange 
on  a  mytigraph.  Lay  the  nerve  on  electrodes  connected  through 
short-circuiting  key  \viX\\  the  secondarv'  coil  of  an  induction-machin 
or  connect  the  muscle  directly  with  the  key  by  thin  copper  wi 
Take  a  DanicU  cell,  connect  one  pole  tlirough  a  simple  key  wi 
one  of  the  upper  binding-screws  oi^  the  primary  coil,  and  the  oth 
pole  with  the  metal  of  the  drum.  A  wire,  insulated  from  t" 
drum,  but  cl?-mpcd  on  the  vertical  part  of  its  support,  and  with  its 
bare  end  projecting  so  as  to  make  contact  with  a  strip  of  brass 
fastened  on  the  spindle,  is  connected  \v'ith  the  other  upper  terminal 
of  the  primary  (Fig.  234).  At  c.ich  revolution  of  the  drum  the 
primary  circuit  is  made  and  broken  once  as  the  strip  of  brass  brushes 
the  projecting  end  of  the  wire.  The  object  of  this  arrangement  is  to 
ensure  that  when  the  writing-point  nf  Ihe  myograph  lever  has  been 
once  adjusted  to  the  drum,  successive  stimuli  \rill  cause  contracti 
the  curves  of  wliich  all  rise  from  the  same  point.  Close  the  key 
the  primary,  set  the  drum  off  (fast  speed),  open  the  short -circuit! 
key,  and  as  soon  as  the  muscle  has  contracted  once,  close  it  agai 
Now  stop  the  drum,  mark  \rith  a  pencil  the  position  of  the  feet  of  t 
stand  carrying  the  myograpli  plate,  take  the  writing-point  off  th 
drum,  and  surround  the  muscle  with  pounded  ice  or  snow.  After  a 
couple  of  minutes  brush  aw.\y  any  ice  which  could  hinder  the  move- 
ment of  the  muscle,  rapidly  replace  the  stand  in  exactly  its  original 
position,  with  the  wnting-pomt  on  the  drum,  and  lake  another 
tracing.  Again  take  off  the  writing-ixjjnt,  and  remove  all  unmeltcd 
ice  or  snow.  With  a  fine-pointed  pipette  irrigate  the  muscle  with 
physiological  salt  solution  at  ^o"  C.,  and  quickly  take  another 
tracing.  Then  put  on  a  time-tracing  with  tne  electrical  tuning 
fork.    Fig.  20(},  p.  56^.),  shows  a  series  of  curves  obtained  in  this  way, 

!0.  Influence  of  Load  on  the  Muscle-curve. — Arrange  everything 
as  in  9.  Take  a  tracing  first  with  the  lever  alone,  then  with  a  weight 
of  10  grammes,  then  %vith  50,  100.  200,  and  500  grammes  (Fig.  2o8» 
p.  566). 

II.  Influence  of  Fatigue  on  the  Muscle-curve. — Arrange  as  in  10, 
but  leave  on  the  same  weight  (say  lo  grammes)  all  the  time.  Place 
the  nerve  on  the  electrodes.  Leave  the  short-circuiting  key  open. 
The  nerve  vn\l  be  srimulalcd  at  each  revolution  of  the  dr\im,  and  the 
writing-point  will  trace  a  scries  of  curves,  which  become  lower,  and 
especially  longer,  as  the  preparation  is  fatigued.  Two  or  four 
curves  can  be  taken  at  the  same  time,  if  l>oth  ends  of  one  or  of  tw 
brass  sh|js  be  arranged  so  as  to  make  conUict  with  the  projcclin 
wire  at  an  interval  of  a  semicircumlcrence  or  quadrant  of  the  dru 
'Fig.  ^34).     (For  specimen  curve,  sec  Fig,  21$,  p.  571 ). 
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12.  Seat  of  Exhaustion  in  Fatigue  of  the  Muscle-nerve  Preparation 
for  Indirect  Stimulation.  —When  the  nerve  of  a  musclc-ncrvc  prcpara- 
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tion  has  been  stimulated  until  contraction  no  longer  occurs,  the 
muscle  can  be  made  to  contract  by  direct  stimulation.  The  scat  of 
exhaustion  is.  therefore,  not  the  muscular  fibres  themselves.     To 
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determine  whether  it  is  the  ncrve-fibrcs  or  the  nerve- en  dings,  perform 
the  following  ex[>eriments  : 

(a)  Pith  a  frog;  moke  two  muscle-nerve  preparations;  arrange 
them  both  on  a  myograph  plate,  which  lias  two  levers  coonccted 
with  it.  Attach  each  ol  tlie  muscles  to  a  lever  in  the  usual  way,  and 
lay  both  nerves  side  by  side  on  the  siime  i>air  of  electrodes.  Cover 
with  moist  blotting-paper.  The  electrodes  are  connected  with  the 
secondary  of  an  induction-machine  arranged  for  tetanus.  With  a 
camel's  hair  brush  moisten  one  of  the  nerves  between  the  electrodes 
and  X\\c  muscle  with  a  mixture  of  e<iual  parts  of  ether  and  alcohol, 
dihiU'cl  with  twice  its  volume  of  water,  to  abolish  the  conductivity. 
Or  put  the  mixture  in  a  small  bottle,  in  which  dips  a  piece  of  filter- 
paper.  The  projecting  end  of  the  filter-paper  is  pointed,  and  the 
nerve  is  hiid  on  the  point.  As  3«x>n  as  it  is  ]>ossibIe  to  stimulate 
the  nerves  witliuut  obtaining  contruclion  in  this  muscle,  proceed  to 
tetanizc  both  nerves  lill  the  contracting  muscle  is  exhausted.  If  the 
other  muscle  begins  to  twitch  during  the  stimulation,  more  of  the 
ether  mixture  must  be  painted  on  the  nerve.  .\s  soon  as  the  stimula- 
tion ceases  to  cause  contraction  in  the  non-etherized  preparntion, 
wash  off  the  mixture  from  the  other  nerve  with  phvsiological  salt 
solution,  and  soon  contraction  may  be  seen  to  take  place  in  the 
muscle  of  this  preparation.  This  shows  that  the  nerve-trunk  is 
still  excitable.  Now,  both  nerves  liave  been  equally  stimulated, 
and  therefore  the  e,\liaustion  in  the  non-etherized  preparation  was 
not  due  to  fatigue  of  the  nerve-fibres,  but  of  the  nerve-endings. 

{b)  Inject  h  gramme  chloral  hydrate  into  the  rectum  of  a  rabbit, 
and  put  a  pair  of  bulldog  forceps  on  the  anus.  Fix  the  animal  on  a 
holder  as  soon  as  the  chloral  has  taken  effect.  Clip  the  hair  from 
the  front  of  the  neck  and  insert  a  tracheal  cannula  (p.  166).  Now 
inject  subcutaneously  enough  of  a  i  per  cent,  solution  of  curara  to 
just  paralyze  the  skeletal  muscles.  As  soon  as  symptoms  of 
paralysis  of  the  muscles  of  respiration  have  appeared,  connect  the 
tracheal  cannula  with  the  artificial  resjnration  apparatus.  Now 
expose  the  sciatic  nerve  (p.  176)  on  one  side,  put  on  a  Ugature,  and 
divide  it  above  the  Ugature.  Lay  the  nerve  on  electrodes  connected 
with  the  secondary  coil  of  an  induction  machmc  arranged  for  tetanus, 
and  stimulate  it.  If  the  muscles  supplied  by  the  nerve  contract, 
curara  must  be  injected  till  contraction  is  no  longer  obtained.  Then 
the  nerve  is  continuously  stimulated  for  a  long  time.  After  some 
hours  the  curara  action  will  begin  to  wear  off,  and  it  may  be  seen 
that  the  muscles  of  the  leg  again  contract.  This  shows  that  even 
a  very  prolonged  stimulation  is  not  sufficient  to  exhaust  the  extra- 
muscular  nerve-fibres  (Bowditch). 

13.  Seat  of  Exhaustion  in  Fatigue  for  Volmitary  Muscular  Con- 
traction.— Support  the  arm.  extensor  surface  downwards,  on  a  rest 
such  as  that  shown  in  Fig.  235,  or  Fig.  214,  p.  570,  and  connect 
the  middle  finger  of  one  hand,  by  means  of  a  string  passing  over 
a  pulley  on  the  edge  of  a  table,  with  a  weight  of  3  or  4  kilos.  The 
stnng  is  attached  to  the  finger  by  a  leather  collar  surrounding  the 
second  phalanx  of  the  finger,  but  allowing  free  movements  of  the 
joints.  The  extent  of  the  vertical  movements  of  the  string  (and 
therefore  the  work  done)  may  be  registered  on  a  dnmi  by  a  writing- 
point  connected  with  it,  the  whole  arrangement  forming  what  is  called 
an  ergograph.  Two  collar  electrodes  (strips  of  copper  covered  with 
cotton-wool  soaked  in  salt  solution,  and  bent  to  a  circular  form)  are 
'ftced  on  the  forearm,  and  connected  through  a  short-circuiting 
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key  with  the  secondary  coil  of  an  induction  macliine  arranged  for               ^U 
tetanus  (p,  164),  and  liavnng  a  battery  of  four  or  five  Danicll  cells.               ^H 
coupled  in  series,*  in  its  primary  circuit.     The  middle  finger  is  now               ^H 
made  Ui  raise  the  wciphi  repeatedly  by  vigorous  contractions  of  the               ^| 
ftexor  muscles  until  at  Icnf^th  a  failure  occurs.     At  this  moment  the              ^| 
short-circuiting  key  is  opened,  and  the  flexor  muscles  stimulated               ^H 
electrically-     They' again  contract,  and  raise  the  weight,  therefore               ^M 
the  seat  of  exhaustion  in  vc>luntar\'  muscular  effort  is  not  in  the               ^H 
muscles.     That   it  is   not   usually  in   the  nerve-endings  nor  in   the               ^U 
nerves  may  be  shown  by  inducing  fatigue  of  the  finger  for  voluntary               ^H 
contraction  in  the  same  way,  and  then  stimulating  the  median  ner\'C               ^H 
at  the  bend  of  the  elbow  by  sponge  electrodes.     The  usual  seat  of               ^K 
fatigue  for  voluntary  muscular  contraction  must  therefore  be  in  the               ^U 
spinal  cord  or  brain,  and  as  we  have  no  reason  to  believe  thai  the               ^H 
nerve-fibres  of  the  central  ncr\'ous  system  are  essentially  different               ^^t 
from  peripheral  nerve  fibres,  we  conclude  that  the  fatigue  is  in  the               ^^t 
nerve  colls  tir  the  network  of  ("ibrils  around  Ihcin  (p.  f>6i).                                   ^^| 
(4.  Influence  of  Veratria  on   Muscular  Contraction.  -^Arrange  a       ^^^^| 

^^^^E^^U^^^^^^Hpi^^HS^^^B 
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is  in  Fig.  234.     Pith  a  frog  (brain  only),  expose  the 
in  one  thigh,  and  isolate  it  for  ^  inch  from  the  surro 
Pass   under   it  a  strong   thread,   and   ligature   ever 
the  nerve.     Now  inject  mto  the  dorsal  or  ventral  l>Tn 
Irops  of  0*1  per  cent,  solution  of  sulphate  of  veratna. 
nutes  make  two  muscle-nerve  preparations  from  the  po 
First  put  the  preparation  from  the  unligatured  limb 
iph  plate.      Lay  the  nerve  on  electrodes  connected  thr 
ircuiting  key  with   the  secondary  of  an  mduction   m 
cd  as  in  Fig.  2^4.     Put  the  writing-point  on  the  drum  i 
fast  speed).     Open  the  short-circuiting  key  till  the  ner 
mce   stimulattHl,    then   close   it   agam.     The   curve   ol 
from  a  normal  curve,  in  that  the  jxjriod  of  descent  (rcla: 
edingly  prolonged.     Now  connect  the  preparation  frc 
ed  limb  with  the  lever,  and  take  a  tracing  of  a  sin^ 
n.      Put   on    a    time-tracing   with   the   electrical    tumi 
ps.  217,  3 IS,  pp.  v"^,  ;74)- 

Effect  of  Suprarenal  Extract  or  Adrenalin  on  Muscula 
1. — Proceed  as  in  14,  but  instead  of  veratria  inject  a 

.r.,  the  copper  of  one  cell  connected  with  thr  zinc  of  the  ne 
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solution  of  the  suprarenal  capsules  (calf»  sheep,  dog,  etc.),  or  a  small 
amount  of  a  solution  of  adrenalin  chloride  (i  to  50*cxx>  or  i  to 
lOcMKX)  in  075  per  cent,  sodium  chloride  solution).  The  curv^e  of 
the  gastrocnemius  acted  upon  by  the  extract  is  prolonged  as  in 
veratria  poisoning,  although  not  to  such  a  great  extent.  (For  the 
action  of  suprarenal  extract  on  the  smooth  muscle  of  the  blood- 
vessels,  see  p.  i.So.) 

16.  Measurement  of  the  Latent  Period  of  Muscular  Contraction. — 
(i)  For  this  tlic  dnun  must  travtl  at  a  Easter  speed  than  usual.  If  a 
sufficient  speed  cannot  be  obtained  from  the  clockwork,  disconnect 
the  drum  from  it,  and  rotate  it  by  the  fall  of  a  weight  attached  to  a 
cord  passing  over  a  pulley.  The  arrangement  for  automatic  stimu- 
lation described  in  Experiment  9  (p.  620)  may  be  employed.  Or  an 
electro-magnetic  signal  may  be  connected  in  the  primary  circuit  of 
the  induction-coil  so  that  when  the  ])rimary  is  closed  or  opened  the 
writing-point  of  the  signal  moves.  Arrange  the  writing-point  of 
the  signal  on  the  drum  in  the  same  vertical  Une  as  the  writing- point 
of  the  muscle  lever,  and  in  the  same  line  place  the  writing-point  of  a 
vibrating  electric  tuning-fork.  The  coil  is  adjusted  for  single  opening 
shocks  as  in  Experiment  H  (p.  6ig).  Pith  a  irog.  and  make  a  muscle- 
nerve  preparation,  .\rrange  it  on  the  myograph  plate.  The  muscle, 
or  the  nerve  very  near  the  muscle,  is  to  be  excited  by  a  single  of)ening 
shock  while  the  drum  is  moving.  When  the  cur\'c  has  t>een  traced 
the  latent  ]jcriod  is  got  by  drawng  a  vertical  line  through  the  point  at 
which  the  curve  just  begins  to  rise  from  the  abscissa  line,  and  another 
through  the  signal  mark.  The  numl>cr  of  vibrations  of  the  tuning- 
fork  included  between  these  two  verticals  gives  the  latent  period. 

Or  ( J )  use  the  spring  myograph  (Fig.  204,  p.  563),  raising  it  on  olocks 
of  wood.  Smoke  the  glass  plate  over  a  paraffin  flame,  or  cover  it 
with  pajx;r,  and  smoke  the  pajx^r.  Connect  Iht*  knock-over  key  of 
the  myograph  witli  the  primar\' circuit  of  an  induction  coil.  Arrange 
a  muscle-nerve  preparation  on  the  myograph  plate.  Place  electrodes 
below  the  nerve  as  near  the  muscle  as  possiole,  and  connect  by  a 
short-circuiting  key  with  the  secondaiy.  Bring  the  writing-point  in 
contact  with  the  smoked  surface  of  the  spring  myograph,  so  as  to 
get  the  proper  pressure.  See  that  the  writing-point  of  the  tuning- 
fork  is  in  tlie  right  position  for  tracing  time.  Then  push  up  the 
plate  so  as  to  compress  the  spring,  till  the  rod  connected  with  the 
frame  which  carries  the  plate  is  held  by  the  catch. 

With  the  short-circuiting  key  closed,  press  the  release  and  allow 
an  abscissa  line  to  be  traced.  Again  shove  back  the  frame  till  it  is 
caught.  Push  home  the  rod  by  means  of  which  the  prongs  of  the 
tuning-fork  are  separated,  and  rotate  it  through  90".  Close  the 
knock-over  key,  open  the  short-circuiting  key,  shoot  the  plate  again, 
and  a  nmscle-curve  and  time-tracing  will  t>e  recorded.  Again  close 
the  short-circuiting  key,  withdraw  the  writing-point  of  the  tuning- 
fork,  push  back  the  plate,  close  the  trigger-key,  then  ojien  the  short- 
circuiting  key,  and  holding  the  travelling  irame  with  the  hand, 
allow  it  just  to  open  the  knock-over  and  stimulate  the  nerve.  The 
writing-point  now  records  a  vertical  hne  (or.  rather,  an  arc  of  a 
circle),  which  marks  on  the  tracing  the  moment  of  stimulation. 
The  latent  period  is  obtained  by  drawing  a  parallel  line  (or  arc) 
through  the  point  of  the  muscle-curve  where  it  just  begins  to  diverge 
from  the  abscissa  hne.  The  value  of  the  portion  of  the  time-tracing 
between  these  two  lines  can  be  readily  determined,  and  is  the  latent 
period. 
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17.  Summation  of  Stimuli. — Arrange  two  knock-over  keys  on  the 
spring  myofir;ipli  at  such  a  distance  from  each  other  that  the  plate 
travels  from  one  to  the  other  in  a  time  less  than  the  latent  period. 
Connect  each  key  with  thi?  j^rimary  circuit  of  a  separate  uiauction 
coil  having  a  couple  of  Hanifils  in  it.  Join  two  of  the  bmding-screws 
of  the  sotondarics  together  ;  connect  the  other  two  throu^'h  a  short- 
circuiting  key  with  electrodes,  on  which  the  nerve  of  a  musclc-ncrve 
preiKiration  is  arranged.  Push  up  the  secondaries  till  the  break 
shocks  obtamed  on  opening  the  two  knock-over  keys  arc  maximal. 
Then  shoot  the  plate  as  described  m  16,  first  with  One  trigger  key 
closed,  and  then  with  both.  The  curves  obliuned  should  be  of  the 
same  height  m  the  two  cases,  as  a  second  maximal  stimulus  faUing 
within  the  latent  period  is  ignored  by  the  nerve  or  muscle.  Repeat 
the  experiment  with  submaximal  stimuh — i.e.,  with  such  a  distance 
of  the  coils  that  opening  of  cither  trigger  key  does  not  cause  as  strong 
a  contraction  as  is  caused  when  the  coils  are  closer.  The  curve  will 
now  be  higher  when  the  two  shocks  are  thrown  in  successively  than 
when  the  nerve  is  only  once  stimulated.  This  shows  that  (sab- 
maximal)  stimuh  can  be  summed  in  the  nerve.  The  same  could  be 
demonstrated  for  muscle  (p.  575). 

18.  Superposition  of  Contractions. — Smoke  a  drum  arranged  for 
automatic  stimulation  .\s  in  l-"ig.  2^4.  Adjust  the  brass  points  with 
a  distance  uf.  say.  1  centimetre  between  them,  so  lliat  a  second 
stimulus  may  be  thrown  into  the  nerve  at  an  interval  greater  than 
the  latent  period  of  muscle.  Put  two  Daniells  in  the  primary' 
circuit,  l^y  the  nerve  of  a  musclp-ner\c  preparation  on  electrodes 
connected  through  a  short-circuiting  key  with  the  secondary. 
Allow  the  drum  to  revolve  (fast  speed)  :  open  the  sh<irt-circuiting 
key  till  both  brass  r>omts  have  passed  the  projecting  wire,  then  close 
it.  Now  bend  back  the  second  brass  ijoint,  and  take  a  tracing  in 
which  the  hrst  curve  is  allowed  to  comiilcle  itself.  This  will  not  rise 
as  high  as  the  second  curve  obtained  when  the  two  stimuli  were 
thrown  in.  Kejxrat  the  experiment  wnth  varv'ing  intervals  between 
the  brass  points — that  is,  between  the  two  successive  stimuh.  Put 
on  a  time-tracing  with  the  electrical  tuning-fork.  (For  specimen 
curve,  see  FiK-  -i';.  p-  575-) 

10.  Composition  of  Tetanus. — (a)  Adjust  a  muscle-nerve  prepara- 
tion on  a  myograph  plate,  the  nerve  being  laid  on  electrodes  con- 
nected through  a  short-circuiting  key  with  the  secondary'  of  an 
induction  macliine,  the  primary  circuit  of  which  contains  a  Daniell 
cell  and  is  arranged  for  an  interrupted  current  (Fig.  71,  p.  164).  The 
lever  should  be  shorter  than  that  used  for  the  previous  experiments, 
or  the  thread  should  be  tied  in  a  hole  farther  from  the  axis  of  rota- 
tion, Sf)  .*s  to  give  less  magnification  of  the  contraction.  Set  the 
Neci's  hammer  going,  let  the  drum  revolve  (slow  speed),  and  oi>en 
the  key  in  the  secondary.  The  writing-point  at  once  rises,  and  traces 
a  hori'zontid  or  perhiips  slightly-ascending  hnc.  Close  the  short- 
circuitmg  key,  and  the  lever  sinks  down  again  to  the  abscissa  line. 
If  it  does  not  quite  return,  it  should  be  loaded  with  a  small  weight. 
This  is  an  example  of  complete  tetanus. 

(fc)  Connect  the  spring  shown  in  Fig.  236  with  one  of  the  up[jcr 
terminals  of  the  pnmary  coil,  and  the  mercury  cup  with  the  other. 
Fasten  the  end  of  the  spring  m  one  of  the  notches  in  the  upright 
piece  of  wood  by  means  of  a  wedge,  so  that  its  whole  length  can  t>c 
made  to  vibrate.  !.et  the  drum  off,  set  the  spring  vibrating  by 
depressing  it  with  the  finger,  then  open  the  key  in  the  secondary. 
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Vertical  lines  are  drawn  through  the  points  where  the  two  curves 
just  begin  to  separate  out  from  the  abscissa  line.  The  interval 
between  these  hnes  corresponds  to  tlie  lime  taken  by  the  nerve- 
impulse  to  travel  along  the  nerve  from  the  central  to  the  distal  pair 
of  electrodes.  Its  value  in  time  is  given  by  the  tracing  of  the  tuning- 
fork.  The  length  of  the  nerve  between  the  two  pairs  of  electrodes 
IS  now  carefully  measured  with  a  scale  divided  in  miUimetres,  and  the 
velocity  calculated  {p.  tio$). 

21.  Chemistry  of  Muscle.— Mince  up  some  muscle  from  the  hind- 
legs  of  a  dog  or  rabbit  (used  in  some  of  the  other  experiments),  of 
which  the  bloodvessels  have  been  washed  out  by  injecting  o*q  per  cent. 
salt  solulitm  tlirough  a  cannula  tied  into  the  abdominal  aorta  until 
the  wasliings  are  no  longer  tinged  witli  blood.  To  some  of  the 
minced  muscle  add  twenty  times  its  bulk  of  distilled  water,  to  another 
portion  ten  times  its  bulk  of  a  5  |}cr  cent,  solution  of  magnesium 
sulphate.      Let  stand,  with  fre<iucnl  stirring,  for  twenty-four  hours. 


Flu.    237* — AkKANI,EMRNT    FOK    MtASUKlNU    THE    VrLOCITV    or    TUB    NitRVX* 

IMPULSE. 

A,  travoUiog  plate  of  spring  myograph  :  M,  muscle  lying  on  a  myograph  pUte  ; 
N,  nrrvc,  lyiug  on  two  pairs  of  flectrodes,  K  and  E'  ;  C.  Pnhr»  rommutator 
without  cross  wires  :  K.  knock-over  key  of  spring  myograph  (only  the  binding- 
screws  shown) ;  K',  simple  key  in  primary  ciicuit  j  B,  battury  ;  P.  primary  coil ; 
S,  secondary  coil. 

Then  strain  tlirough  several  folds  of  hnen,  press  out  the  residue,  and 
filter  tlirough  pajwr.  ( 1 )  With  the  filtrate  01  the  watery  extract  make 
the  following  observations: 

{a)  Reaction. — To  htmus  paper  acid. 

(6)  Determine  the  temperatures,  at  which  coagulation  of  the 
various  proteids  in  the  extract  takes  place,  according  to  the  method 
described  on  p.  5.*      Put  some  of   tne  watery  extract  in  the  test- 

•  It  should  bo  remembered  that  the  temperature  of  he;it-coagu)atioa  of 
any  substance  is  by  nu  mean&  an  absolute  constant.  It  depends  on  the 
reaction,  the  proportion  and  kind  of  neutral  salts  present,  perhaps  on  the 
strength  of  the  proteid  solution  and  the  manner  of  hcatmg.  \  solution 
of  cgi[-albumin,  f.g.,  can  be  coagiilatrd  nt  n  tcmporaturc  much  l>elow  70" 
when  it  is  heated  for  a  week.  Small  differences  in  the  terat>oraturf  of 
hcut-coagulation.  unless  sup|X>rted  hy  well-niarkeil  cheniical  reactions, 
ara  not  enough  to  characterixe  proteid  substances  as  chemical  individuals. 
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tulM».  iiiul  Uoiit  thr  bath,  stirring  the  water  in  the  beakers  occasionally 
with  a  fiMlhcr.  Note  at  wlxat  tomixirature  a  coagulum  first  forms. 
It  will  be  abiiul  .(7"  C.  Filter  tliis  ofl.  and  again  heat:  another 
iMKiKuhini  will  form  at  5(1^  to  58°.  Filter,  and  heat  the  filtrate  ;  a 
third  slipjit  0(>aj:uh!m  may  be  formed  at  Oo°  to  65'*  C,  but  this 
roprostMits  m**rrly  a  rcsithie  of  the  myosinogcn  which  was  left  in 
soluticm  al  thr  provious  heating.  A  fourth  precipitiite  (of  serum- 
.vllnnniti)  will  ctimc  d(»wn  at  70''"  to  73'^.  Saturate  some  of  the  watery 
I'vliait  with  m.ignt'sium  suljihate;  a  large  precipitate  will  be  formed, 
showing  tlu'  prosence  of  a  considerable  amount  of  globulin.  Filter 
olt  the  preeipitate  ami  heat  the  liltratc:  co.Lgulation  u-ill  again  occur 
at  very  mueh  the  s»in\e  tem|H-ratiircs  as  before,  although  the  total 
amount  of  preiipitale  will  be  less.  Note  in  particular  that  there 
is  still  some  precipitate  at  47"  to  50''-  Paramyosinogen  possesses 
some  o!  the  tharaeters  ol  both  globulins  and  albumins,  for  it  is 
partially  but  not  entirely  inivipiiaied  by  siituration  with  magnesium 
sulpluite,  and  is  not  precipitated  by  sodium  clilonde. 

\-'^  {.»)  "Vest  the  reacti\Mi  of  the  niagnesium  sulpluite  extract.  It 
will  usiKillv  be  faintly  *u-id  to  litmus. 

\*')  Heat  some  of  it.  Precipitates  will  be  obtained  at  the  same 
lennHMatuies  a-*  n\  \  i  >  ^'  ^,  but  those  at  4- '  to  50-  and  y>'  to  s.<"  will 
U*  iu\Me  .d>undani.  Ox  the  two.  that  at  4,~"  to  50"  \\n\\  usuallv  be 
the  laii:ei  when  time  i-i  ci\e!i  tor  it  tt.»  come  dow^l  ,ind  iho  heating 
IS  ^ladual. 

,.  ^  Pdute  some  ol  the  :na^r.e>iu:n  suli^hate  extract  with  three 
times,  auolV.ct  ixMtio:*.  w.:'a  t\Hir  t;:::e>.  .-.Tid  ar.other  with  r.vo  time*. 
Its  \v4uTr.e  ot  wat^-:  v.:  a  :ost-:-.;lv,  ar.d  p:::  in  a  tvitr.  at  j.:-"  C. 
*.\m.;;:U:u^v.  w.'.'.  ,x\-.:i  ::■.  v'V.o  o:"  .iW  •.•'.  tlvjse  :e>r-:ubes.  To  another 
te>'.  lalv  i'l  t'.v  vW..*.^'.  *li'.:*.'.i.\:  •.".  :'u'  vro'.y  r::  ::  wrach  h-is  ir^ven  the 
S*>t     tv.'.'.NvU'  v'..*:     .ivU'.  a  :,-w  ,:v.':-s   -:  j.  xl.*::te  >."li:: 
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Extracts  in  atl  essentials  similar  to  those  obtained  from  the  muscles 
of  a  freshly-killed  animal  can  be  got  from  muscles  that  have  entered 
into  ngor. 

22.  Reaction  of  Muscle  in  Rest.  Activity,  and  Rigor  Mortis. — 
(0)  Take  a  frog's  muscle,  cut  it  acniss,  ;iud  press  a  piece  of  red 
litmus  pai»er  on  the  cut  end;  it  is  turned  blue.  Yellow  turmeric 
paper  is  not  affected. 

{b)  Immerse  another  muscle  in  physiological  salt  solution  (0*75 
per  cent,  for  frog's  tissues)  at  40°  to  4^^  C.  It  becomes  rigid.  The 
reaction  becomes  acid  to  htmus  paper,  and  also  turns  brown  turmeric 
paper  yellow. 

(c)  I^lungc  another  muscle  into  boiling  physiological  salt  solution. 
It  becomes  harder  than  in  (&)»  and  its  rciiction  becomes  acid  to  litmus 
paper, 

(rf)  Stimulate  another  muscle  ^vith  an  inLerrupled  current  from 
an  induction  machine  (Fig.  71,  p.  164).  till  it  no  luuger  contracts. 
The  reaction  is  now  acid  to  litmus  paj>cr.  Brown  turmeric  paper 
may  also  Ik;  turned  yellow. 


CHAPTER  X: 

ELECTRO-PHYSIOLOGY 

A  :,:rr:.£  —-.re  tl'-i.-.  =.  liu-lrt-l  vea.r?  az:  the  foundiiicws  both  of 
*Ce'-.."--r.vT:'.l'.-iV  ^r.i  -f  thr  v^t  >i.t~it  •::  vclt^c  electricity  was 
li:*:  vvia  {"r-ir.'.-t  -.:.-v.r-.-i'::r.  ::  i  rr:  :"•:-*>: r  ■:■:  ani":'xny  in  an  Italian 
'A'^'ttz..     I"  >  :T.t\-^t  'T-it  *.r,it  ". :r"^  >::;re  this  electrical  fishes  wwe 
£.'-t  ',:.;-.-  f.T.  -I*r".v  l-:.-..-*-.  r.t  the  sh-'ik  •;:  the  tcrpedo  had  been  to 
i.  '.frrui;-:  Vxt^-t  »-.:*rr.:.r:il".v  >-.;l:*-l.     B-t  :t  "w^s  wjth  the  discovery 
',:  Oilvi.-:  -.:  h.-.l:zT:j.  :r.i':  tr.-e  -:-7'>:r.  •::  truittul  work  in  elcctro- 
tl'.y-:': >.■—.-  bri*^-.     Er.::=iSr'd  :r_  ex"r^n~r^-t5  c^  the  efiect  of  static 
4i=.c  i*—-jft  ;■-'-■" :  '.->:*.r.;::y  :r.  5::d:-.ili::n;  aiuinal  tissues,  he  hap- 
>r-."^  or.t  -iiv  -.-.  r.-.-.-.i-r  tiit  >:— r  £r:^s'  ler?.  suspended  by  copper 
r.'r^ki  '.r.  tr-  :r".n  ri:I:r.«.  t-A-.tc'r.ei  -A-'r.eiitver  the  wind  brought  them 
:r;to  cor-tiit  -At:"-   t.'.      f  the  birs    7.  ^5:  -     He  conclnded  that 
^le-otn-.il  chi-rse-  -Avr-:   i-vi'.  v-i  :-  tr.e  ikiciil  tissues  themselves, 
ir.'i  'l>;"r.-ir::ed  whrr.  rhv  circuit  -w-jis  :.— pleteii.     Voha.  professor  of 
:.hy-;:c*  it  J'-.-.-ii.  r.x:r.ir  h:?  ^tt-:r.t: :::  or,' the  laci  ihat  in  Gal\-ani's 
exty.r.n'.er."   ".he   "t"../.I::   :.\rt     :"  the  •::r:*^t  w^-s  composed  of  two 
rr.-;'.-!-,  ".-.:.■.-.:,■  '.  :r...:  ::..    .   '.:...-.     :  -/:-.-j>e  w.-.s  the  real  origin  of 
:.-.   .  .rr-.r.t.  ..-. t  *.:...:  •;..  :>•*.;-.-  >.r-.-,.:  :"t.7tly  .iS  ir.oisl  conductors 
*■    .   ::.-  ■-.*.•.•  t:  •   ..r.-.:::  :  ,.-.:  ..::.r  .■.  .    :.:r   vvr>y  '..i>:!n^  for  more  than 
r.    l'..     :-..    :.-.    r-.r.  .11 .     /.::...-...:       ^    ..rj  .-v.t::t    bv    coastructing   the 
V-  1".  .:.  :  ;1,.  ..  -.-■■.    :  .    ■  ;.    '   .-.  I  .'■.:■..    i.^.s.  •, -.i.ry  two  pairs  of  which 
'ArT:  -.'.  ..r .-.-,  :  ly  ..   i>.     :   .\.:  .1  :':..     r  -.  ■.:  :r  :r.v:>ti.'-ncd  wnlh  salt 
>.!.;:-  r..     T:.-.     :  :!•.    v:-.li-,.:    ..    .:.•::■..:    ..>    v;::rrer.t    of    electricity. 
•  >..    <.-.-,'.  V  It.  .     ::  >  .1...:  ■.:...-.  :!.■.  :».:-,  :r.  G.-.!v.iiiis  experiment 
'  r.-v  -.,*-  *.:.     :  ..r*.     :  ::..    ...  •;..       (.•-.l-* ..:;:.  ;.   uwcr.  had  shown  in 

*:.e  :::■.- .::r:"'.i   ::...*.  .  ...  .■.■■..  c-  uid  he  obtained  by 

dr-:  ::::.;  :V.t  ::r\-.   ,  :  ..  yvv ;  .:\.-.l  r.     ::  :     •/:.-.   :y.;:>cle  (p.  651)  ;  anS 
It  >■■  n  W-,;r.  :-.  b.  Vt;^.-:\>.  .i  :'..  :  b  :h  C.  :\\.:\:  .xnd  VoUa  were  in 


'a  I  - 


t,  ::■.,■.•-  *.\\.^  b: :■..:. ir.'.  i:.-,  wr:,-  1...'.  'ivon  made  instead  of 
one:  in  -hrr.  th.^t  t:u  :»:v'.  v.;;;;,  Tlv^inoiiy.  and  that  the 
cntiiox  i«i  .i-rtctv:-.'.  n:;:.v!>  vi..-,  ^  •.  .  Mt';-..  r.ch  it  is  curious  to 
note  how  c.>r.i;»U:olv  -.h.-  ur.^^::.  •..:.:  v^:..:-.:^.  ,,l  which  Volta's 
discovery  was  ihc  ):vYr.\  \x.:<  ,.\ .  •.'....:  -.x.,-  •:-.,■  -.viront  tree  planted 
by  the  hand  oi  r.al\a:u.  m-:  ,.:•.■•.■.•...:  .  1. .  t::.  :*V  |;as  been  deeply 
studied  by  a  larjie  numhrv  .•;  ..Vv.-.\-.:>.  ..:-  I  :r..i::v  interesting  anh 
important  facts  haw*  bocn  h:\ -.i^'-.!  •.  ^  '—'■-.. 

Since  it  i<  in  musrl,'  ana  r.r-vc  ::.a:  :l.o  -honomena  of  electro- 
ph\-siolog>-  are  seen  iti  x\wu  -iir.;'!.-:  i\-.  -txion.  and  have  been 
-       '     studied,  wo  shall  ^oxolo;^   i\w   r.-juUmental   laws   with 
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reference  to  muscle  and  nerve  alone,  and  afterwards  apply  them 
to  other  excitable  tissues. 

1.  All  points  of  an  uninjured  resting  mmcle  or  nerve  are  approxi- 
mately at  ike  same  potential  {or  iso-eiectric) .  In  other  words,  if 
any  two  points  are  ctJiinected  with  a  galvanometer  by  means  of 
un|>Dlarizablc  electrodes,  little  or  no  current  is  indicated. 
(Although  it  is  scarcely  possible  to  isolate  a  muscle  without  its 
showing  some  current,  the  more  carefully  the  isolation  is  per- 
formed the  feebler  is  tlie  current  ;  and  between  two  jwints  of 
the  inactive,  uninjured  ventricle  of  the  frog's  heart  no  electrical 
difference  has  been  found.  Frogs'  nerves  kept  ten  to  twenty 
hours  after  excision  in  physiological  salt  solution  to  which  a  little 
calcium  salt  and  frog's  blood  liave  been  added,  are  absohitely 
iso-electric.) 

2.  Any  uninjured  point  of  a  resting  muscle  or  nerve  is  at  a 
different  potential  from  any  injured  point.      The  difference  of 


Fig.   33^' — A,  uninjured,  B,  in- 
jurrd,  portion  of  nrrvr  ;  <>,  galvann- 

meter-  The  large  am>ws  show 
direction  of  demarcation  current  ur 
curreat  of  r«l»  the  sm?\{  arrows 
direction  uf  negati\'e  variaUuD  or 
action  current. 


Fig.  239. — Diagram  or  Cukricnts 
OF  Kssr  IK  A  Kfuiilar  Muscle, 
OK  Muscle  Cvundek. 

E.  equat'.M-.  The  dotted  luies 
join  points  at  the  s.iiiie  potential, 
between  which  there  Is  no  curreDt. 


potential  h  such  that  a  current  will  pass  through  the  galvano- 
meter from  uninjured  to  injured  ;x)int  and  through  the  tissue 
from  injured  to  uninjured  }>oint  (current  of  rest,  or  demarcation 
current,  or  injury  response)  (Fig.  2jS). 

3.  Any  unexciied  point  of  a  muscle  or  nerve  is  at  a  different 
potential  from  any  excited  point,  and  any  less  excited  point  is  at 
a  different  potential  from  any  more  excited  point.  The  difference 
of  potential  is  such  that  a  current  will  pass  through  the  galvano- 
meter from  the  excited  to  the  unexcited  or  less  excittnl  j»oint 
(action  current,  or  negative  variation,  or  excitatory  electrical 
response). 

It  has  l>cen  customary  in  physiological  writings  to  speak  of 
the  electrical  change  in  injured  or  active  tissue  as  a  negative  one, 
because  when  the  tissue  is  led  off  to  a  galvanometer  the  current 
passes  from  the  galvanometer  to  the  injured  or  excited  portion 
of  the  tissue.    But  in  reality  the  tissue  in  the  neighbourhood  of 
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the  injury  or  action  becomes  electro-positive,  and  we  shall 
accordingly  employ  the  term  j>ositive  to  denominate  it.  it 
may  l>e  called  '  ^alvanometrically  negative  *  without  error. 

The  injured  or  excited  muscle  may  be  com|)ared  to  a  Daniell 
cell,  the  injured  or  active  tissue  corresponding  to  the  elecao- 
positive  metal  the  zinc,  which  is  connected  with  the  negative 
IK)Ie  of  the  battery,  and  the  uninjured  or  inactive  tissue  to  the 
electro-negative  metal,  the  copper,  which  is  connected  with  tlie 
positive  pole. 

The  best  object  for  experiments  on  the  demarcation  current  is  a 
straight-fibred  muscle  like  the  frog's  sartorius.  If  this  muscle  be 
taken,  and  tlie  ends  cut  utf  perpendicularly  to  the  surface,  a  muscle- 
prism  or  muscle-cylinder  is  obtained  (Fig.  lyi)-  The  strongest 
current  is  got  when  one  electrode  us  placed  on  the  middle  of  cither 
cross-section  and  the  other  on  the  '  equator  ' — that  is,  on  a  Une 
passing  round  the  longitudinal  surface  midway  between  the  ends. 
The  direction  of  this  current  is  from  the  cross-section  tow*ards  the 
equator  in  the  muscle.  If  the  electrodes  are  placed  on  s^Tnmctrical 
points  on  each  side  of  the  equator,  there  is  no  current, 

A  particular  case  of  this  symmetrical  or  '  streamlcss  '  arrangement 
is  where  the  middle  points  of  the  two  cross-sections  are  led  off  to  the 
galvanometer  ;  here,  if  the  sections  are  similar,  their  potential  is  the 
same,  and  the  needle  remains  at  zero.  Between  two  jxjmts  of  the 
longitudinal  surface  at  unequal  distances  from  the  equator  there  is  a 
current  in  the  galvanometer  from  the  nearer  to  the  more  distant 
point,  and  in  the  muscle  from  the  more  distant  to  the  nearer  point. 
Between  two  points  on  the  same  cross-section  there  is  a  current  if 
they  are  not  symmetrically  placed  with  reference  to  its  centre, 
the  direction  in' the  muscle  being  from  more  central  to  more  peri- 
pheral point. 

The  above  may  be  taken  as  applying  to  nerve  also,  with  the  proviso 
that  less  is  known  as  to  electncal  differences  between  points  on  the 
same  cross-section,  since  ordinary  cold-blooded  nerves  are  too  small 
for  such  experiments,  and  that  two  parallel  cross-sections  of  a  nerve 
are  not  iso-electric.  so  that  a  current  {the  so-called  axial  stream) 
passes  between  them  when  they  are  connected  with  the  galvano- 
meter. 

Current  of  Action,  or  Negative  Variation. —When  a  muscle 
or  nerve  is  excited,  an  electrical  change  sweejis  over  it  in  the  form 
of  a  wave.  SupiK)se  two  points,  A  and  B  (Fig.  240)  on  the 
longitudinal  surface  of  a  muscle  to  be  connected  with  a  capillary 
electrometer  (p.  541),  the  movements  of  the  mercury'  being 
photograp>hed  on  a  travelUng  siuface,  for  example,  a  pendulum 
carrying  a  sensitive  plate.  Let  the  muscle  be  excited  at  the 
end,  so  that  the  wave  of  excitation  will  be  pn)(>agated  in  the 
direction  of  the  arrow.  The  wave  will  reach  A  hnil,  and  while 
it  has  not  yet  reached  B,  A  will  become  positive*  to  B.  If  there 
is  a  resting  difference  of  jx>tenlial  between  \  and  B,  this  will 

Sec  explanation  o(  the  usr  of  the  term  *  positive  '  on  p.  631 
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he  altered,  the  new  and  transitory  difference  adding  itself 
algebraically  to  the  old.  When  the  wave  reaches  B,  it  may 
already  have  passed  over  A  altogether,  and  B  now  becoming 
positive  to  A,  there  will  be  a  movement  of  the  meniscus  of 
the  electrometer  in  the  opptjsite  direction.  This  is  called  the 
diphasic  current  of  action.  If  the  wave  has  not  passed  over  A 
before  it  reaches  B,  as  would  in  general  be  the  case  in  an  actual 
experiment,  tliere  will  be  first  a  period  during  wtiich  A  is  more 
positive  than  B  (first  phase)  ;  this  will  end  as  soon  as  B  has 
become  iso-electric  with  A,  and  will  be  succeeded  by  a  i:)eriod 
during  which  B  Is  more  positive  than  A  (second  phase).     Since 


lu 


2^0. — Diagram  to  illustrate   rRopAt.ATiON  of  t«e  ELi:ct»ttcAr. 

CUANGK    ALONG    AM    ACT[VE    MUSCLL    OR    XeRVE. 


Suppose  AB  to  be  a  horizontal  bar  representing  the  muscle  or  ocrve.  Let  C 
be  a  curved  piece  of  wood  representing  the  curve  of  the  electrical  change  at  aiijr 
point.  Let  W.  W  be  two  glass  cylinder*  connected  by  a  flexible  tube,  the  whole 
being  tilled  with  water.  Suppose  (be  rims  of  the  cylinders  originally  to  touch 
AB  at  the  points  A  and  B.  and  let  Ihein  be  movable  only  in  the  vertical  directioa. 
The  level  of  the  water  being  the  same  in  both,  there  is  no  tendency  for  it  to  flow 
from  one  to  the  other.  This  represents  the  resting  state  of  the  tissue  when  A 
aud  B  are  symmetrical  points.  Now  let  C  be  moved  aloog  the  bar  at  a  uaifurm 
rate.  The  cylinder  W.  being  free  to  move  down,  but  not  horizontally,  will  be 
displaced  by  C,  and,  if  it  is  kept  always  in  contact  with  its  curved  margin,  will, 
after  describing  the  curve  of  the  electrical  variation,  come  again  to  re*t  in  its 
old  position  at  A.  B  will  do  the  satne  when  C  reaches  it.  But  since  C  reaches 
A  before  B,  the  level  of  the  water  m  B  will  at  first  Iw  higher  than  that  In  A, 
and  water  will  flow  from  B  to  A  as  the  current  flows  through  the  galvanometer. 
This  will  correspond  to  the  time  during  which  the  point  of  the  tissue  represented 
bv  A  would  be  electro- positive  to  a  point  represented  by  B.  Later  on.  when  C  has 
reached  the  position  shown  by  the  dotted  lines,  the  level  of  the  water  in  A  will 
be  higher  than  that  in  B,  and  a  flow  uitl  take  place  in  the  op(»osite  direction 
to  the  first  flow.     This  corresponds  to  a  second  phase  of  the  electrical  variation. 

tlie  wave  takes  time  to  reach  its  maxiinum,  it  is  evident  that 
a  well-marke<l  first  phase  will  be  favoured  when  the  interval 
between  its  arrival  at  A  and  B  is  long,  for  in  tliis  case  A  will 
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have  a  chance  of  becoming  strongly  positive  while  B  is  still  ^^ 

normal.     Similarly,   if  A  has  again  become  normal,  or  nearly  ^H 
normal,  before  the  maximum  positive  change  has  passed  over  B\  ^^ 
a   strf>ng   second   |)hasc   will   be    favoured.     The   heart-muscle. 
accordingly,  where  the  wave  of  contraction,  and  its  accompanying 
electrical   change,   move  with   comparative  slowness,   is    better 
suited  for  showing  a  well-marked  diphasic  variation  than  skeletal 
muscle,  and  still  better  suited  than  nerve.     In  the  gastrocnemius 
muscle  of  the  frog,  when  excited  through  its  nerve,  the  electrical 
response  l>egins  about  i^ftnr  second,  and  the  change  of  form  of^^ 
the   muscle   about    ^5*3,,    second   after   the   stimulation.     It   is^| 
believed  that  in  a  muscle  directly  excited  the  electrical  change  ^^ 
begins  in  less  than  y^'^j^j  second,  and  the  mechanical  change  in 
ToVft  second  (Burden  Sanderson,  Figs.  242-246). 

When  oim  electrode  is  placed  on  an  injured  part,  the  wave 
of   action  and   of   electrical   change   diminishes  as   it  reaches 


Fi«.  2 1 1. — Photographic  Electrometer  Curves  from  Sartorii's 
Musct-K  (Sanderson). 

The  darkly-shaded  curve  represenU  the  diphasic  variation  of  the  iminjured 
muscle  ;  the  1ightly.shaded  curve  the  monophasir  variatinn  of  the  miisclr  after 
iajury  of  one  end.  The  toothed  curve  at  the  top  is  the  time>traciiig  registered 
by  photographing  the  proog  of  a  tualng-fork  vibrating  five  hundred  time*  a 
second. 

the  injured  tissue  ;  and  if  the  tissue  is  killed  at  this  part,  it 
diminishes  to  zero ;  so  that  here  the  second  phase  may  be 
greatly  weakened  or  may  disappear  altogether,  and  we  then 
have  what  is  called  a  monophasic  variation. 

In  this  case  the  current  of  action  can  be  demonstrated,  even  for  a 
single  excitation,  but  still  better  for  a  tetanus,  wth  the  galvano- 
meter, which  in  general  is  not  quick  enough  to  analyze  a  diphasic 
variation  with  equal  phases,  and  gives,  therefore,  only  their  algebraic 
sum — that  is,  zero.  When  the  muscle  or  nerve  is  tctanized.  the 
action  current  appears,  wliile  stimulation  is  kept  up,  as  a  per- 
manent deflection  representing  the  '  sum  '  of  the  separate  efTecls. 
It  is  in  the  op]X)sitc  direction  to  the  current  of  rest,  since  the  injured 
tissue,  being  less  affected  by  the  excitation,  and  therefore  undergoing 
a  smaller  positive  change  than  the  uninjured,  becomes  relatively  to 
the  latter  less  positive.  Appearing  as  a  diminution  or  reversal  of 
the  current  of  rest  it  was  c;\lled  the  negative  variation.  The  term 
;ative  is  not  used  here  in  its  electrical,  but  in  its  algebraic,  sense. 


I 
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Fic.  J43' — VAiiiArinN  or 
IxjURto  Gastrocnemius 
(Sandcbsos). 

A  *  spike '  followed  by  a 
*  hump.' 


Fic.     244.— Variation    op    Injured 
Gastrocnitmius  (Sandkrson). 

The    plaie    was    rnoviDg    irn    times 
foster  than  in  Fig.  443. 


J45, — Variation  or  Ussin 
ED  Muscle  kxciteo  Eicmtv 
R    Tians  A  Skcono    (Sander 


Fig.  346. — Curve     op    an     Injured    Muscle     ExctTED 
Sixty  Timks  a  Second  (Sa.kpersoh). 
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When  the  current  of  rest  is  compensated  by  a  branch  of  an  external 
current  jast  sufficient  to  balance  it  and  bring  the  gal\'anoaieter  ima^ 
back  to  zero,  the  action  corrcnt  appears  alone  in  nndifninfAed 
strength.  This  shows  that  the  latter  is  not  due  to  a  change  ot 
electrical  resistance  during  excitation,  since  such  a  chan^  woald 
equally  affect  current  of  rest  and  compensating  cnrrent,  and  they 
would  still  balance  each  other.  The  action  current  is  really  doe  to 
a  chan^  of  potential,  which  can  be  measured  by  detenninuig  what 
dectromotivc  force  is  just  required  to  balance  it,  and  wluch  may 
actually  exceed  that  of  the  current  of  rest.  Thus,  Sandersoa  and 
Gotch  obtained  an  average  of  0*08  of  a  DanieU  cell  (tike  dectromotive 
force  of  the  Danieil  would  be  about  a  volt)  as  the  electrocDoti\^  force 
of  the  action  current  due  to  a  single  indirect  excitation  of  a 
vigorous  frog's  gastrocnemius,  and  about  0*04  Danietl  as  that  of  the 
c«rrent  of  rest.  The  clectromotivT  force  of  the  current  of  rest 
in  the  rabbit's  neiA-e  was  found  by  du  Bais-Reymood  to  be  ox>j6; 

Cotch  and  Horsier  fooBd 
the  average  for  the  cat  0*01, 
and  for  the  monlBey  oviy 
0005. 

That  the  fnsaocL  of  the 
>uccessive  vartatiofB  ot  a 
tetanized  mnacle.  as  seeti  with 
the  gal\-aiioBicter,  is  only 
apparent  has  been  shown 
meuis  of  the  cajitllanr  el 
meter.  E\'en  with  a  heq 
of  stimofatkn  far 
what  is  neoeasary  for 
plete  tetanus,  each  stiiniihis 
ts  ansvercd  by 
of  the  memscits  <F>gSL 
246).      In    ncrre,    alaov 

of       two      SWrCCW%T       StilBttK: 

causes  its  appropriate 
trical  chaa^  when  they  are 
separated  by  an  interval 
kmper  than'a  certain  small 
fractxn  ol  a  second.  The 
precise  ivterval  at  which  the 
aecood  stintnlits  ceases  to  be 
tore  ol  the  nerve,  being  mailcedly 


elec-( 


Fic- 


X47. 


DvPUESxnaL 


cflecti%r  dcpeodft  on  the  teai 

iwrrmtrd  by  cold  (Gotch  and 

Before  BAdoa  Saaderson  iatnoclttoed  the  c^jiUarr  dectmiaetcr 

fcr  the  stwdy  of  the  ckctrica]  phenooenft  «€  Kiriiv  tosn.  aad  Bueh 
y^i^  1^1  >  — ^^K,^  <^»i ^-^^^^^^^^^^  mnrnthm  difmtmUwt 

rlnniwr.  origmaBy  UMhlimted  by  Dgi&tqa.  was  the  mast  inHmt^ 
tastrvBeot  we  pooKSsed  for  eacpenaicsts  00  the  time  rdatioos  oC 
tfaeKptam,mni  By  its  aid.  for  iastmace.  it  wfts  shown  that  the  rate 
of  leiiM^liuii  of  the  dectxical  change  in  mvatdki  n  the  saD>e  as 
that  of  the  mechamcat  change,  and  in  nerve  the  same  as  that  of  the 
Dcrvoos  tmpnHe  OlHcrratk»s  on  moscle  ^nde  bv  the  more 
aocwrate  method  of  the  capiOarv  dectnimeter  haw  omfirmcd  those 
eaihcr  remits  the  txlootv  of 


along  a  fresh  sanerius  at 


U*  C 


p(x>p«ga 


oCthe 


at  I*'  C,  j("5  metres  (Sa 


being  in  ooe  camanmea 
SamkooQ).    (SeeuL  cj 


vanatioa 
t  2'$  metres. 
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The   differential    rheotome  (Fig.   347)   consists  essentially  of   a 

statioaary  metal  ring,  the  whole  or  part  of  which  is  graduated,  and  of  a 
portion  wliich  can  be  made  to  revolve  at  a  known  rate.  The  latter 
carries  two  contacts  :  a,  an  obliqucly-phiccd  platinum  wire  which 
touches  at  every  revolution  a  horizontal  wire  h  on  the  fixed  nuR,  thus 
making;  and  breaking  tbc  primary  circuit  Pof  an  induction  machine, 
and  so  causing  stimulation  of  a  musclo  or  nerve  M  connected  with 
the  sccondar\'  S  :  an<l.  r,  ;i  double  contact,  cither  in  the  form  of  two 

Clatinum  wires,  wliiL-h  dip  into  two  mercury  troughs,  or  of  two  wire 
rushes  rubbing  on  cttpocr  blocks  (/.  at  a  certain  part  of  the  revolu- 
tion. The  tr4)vit;lis  or  blocks  arc*  connected  with  a  circuit  containing 
a  galvaiiomelei.'  G,  and  a  |X)rtioii  of  the  muscle  or  nerve  arranged  so 
as  to  give  a  strong  action  current.  This  circuit  is  completed  by  the 
wires  or  brushes,  which  arc  in  metallic  contact  with  each  other  ;  and 
the  relative  position  of  the  fixed  contact  in  the  primary  circuit  and 
of  the  troughs  or  copi>er  blocks  can  be  altered  so  as  to  alter  at  will 
the  interval  between  stimulation  and  closiirc  of  the  galvanometer 
circuit.  The  proportion  of  the  whole  revolution  during  which  this 
circuit  is  closed  can  be  varied  by  changing  the  relative  j^isition  of 
the  two  copper  blocks.  Suppose  the  tissue  is  stimulated  at  one  end 
while  the  leading-off  electrodes  are  at  the  other.  When  the  contact 
a,  b,  is  made  at  the  same  time  as  c,  rf,  no  deflection  will  be  shown  by 
the  galvanometer  if  the  rheotome  is  rcvolvmg  rapidly  (the  demarca- 
tion current  being  accurately  comj»ensated),  because  the  circuit  will 
be  opened  before  the  positive  change  has  time  to  travel  to  the  le^ding- 
off  electrodes.  But  as  the  distance  between  b  and  d  is  increased,  a 
small  deflection  will  ap|X'ar.  which,  with  further  incre--ise  of  the  dis- 
tance, will  become  larger,  reach  a  maximum,  and  then  begin  to  fall 
off  again.  The  first  small  deflection  corresponds  to  the  position  in 
which  the  ]j4)rtitive  change  h;is  just  had  time  to  reach  the  Icading-off 
electrodes  before  the  galvanometer  circuit  is  oixmed.  The  maximum 
deflection  corresponds  In  a  period  a  little  later  thiii  this.  bec;iuse  the 
electrical  variation  does  not  at  rmce  reach  its  maximum  at  any  ]Xiint. 

There  is  ample  evidence  that  the  excitatory  cleclricai  res|x»nse 
is  a  n orm al  physiological  phenomenon .  1  n  hti man  skele ta I 
muscles  the  current  of  action  has  been  demonstrated  by  con- 
necting a  galvanometer  with  ring  electrodes  passing  round  the 
forearm,  and  throwing  the  muscles  into  contraction.  A  diphasic 
variation  is  thus  obtained  ;  and  the  electrical  change  travels 
with  a  velocity  of  as  much  as  twelve  metres  per  second,  which 
is  greater  than  the  velocity  in  frogs'  muscles.  Electromotive 
changes  are  likewise  associatetl  with  the  beat  of  the  heart. 
Action  currents  have  also  been  detected  in  the  phrenic  nerves 
of  living  animals  accompanying  the  respiratory  discharge  (Reid 
and  Macdouald),  in  the  vagi  accompanying  the  movements  of 
tlie  lungs,  in  tlie  cesophagus  dtiring  swallowing,  in  the  cutaneous 
ry  nerves  in  resjvonse  to  the  '  adequate  '  stimulus  of  jires- 
Sure  (Steinach),  in  the  retina  in  response  to  the  adequate  stimulus 
of  light,  in  glands  during  secretion,  in  the  central  nervous  system 
during  the  passage  of  impulses  along  its  conducting  paths. 
Some  of  these  will  be  further  considered  a  little  later  on. 
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As  to  the  interpretation  of  the  facts  we  have  beea  describing,  and  ' 
which  arc  summed  up  in  the  three  propositions  on  p.  631,  two  chief 
doctrines  long  divided  the  physiological  world:  (1)  the  theory  of 
du  Bois-Rcyniond.  the  pioneer  of  electro-physiology,  and  (2)  the 
theory  of  Hermann.  It  was  believed  by  du  Bois-Reymond  that 
the  current  of  rest  seen  in  injured  tissues  is  of  deep  physiological 
import,  and  that  the  electrical  difference  which  gives  rise  to  it  is  not 
developed  bv  the  lesion  as  such,  but  only  unmasked  when  the 
electrical  balance  is  upset  by  mjury.  He  io<:tked  uuon  the  muscle 
or  nerve  as  built  up  of  electromotive  particles,  with  definite  positive 
and  negative  surfaces  arranged  in  a  regular  manner  in  a  sort  of 
ground-substance  which  is  electrically  indifferent.  The  *  negative 
variation  '  he  supposed  to  depend  on  an  actual  diminution  of 
prcWously-existing  electromotive  forces  :  and  from  this  conception 
arose  its  historic  name.  Hermann  and  his  school  assumed  that 
the  uninjured  muscle  or  nerve  is  '  strcamless,'  not  because  equal  and« 
opposite  electromotive  forces  exactly  balance  each  otlxer  in  the 
substance  of  the  tissue,  but  because  electromotive  forces  are  absent 
until  they  arc  called  into  existence  (by  chemical  clianges)  at  the 
Iwundary,  or  plane  of  demarcation,  between  sound  and  injured 
tissue.  For  this  reason  du  Bois  -  Reymond's  current  of  rest 
is  called  in  the  terminology  of  Hermann  the  '  demarcation  * 
current. 

The  newer  theories,  such  as  Macdonald's,  have  sought  to  take 
account  of  the  recent  developments  of  physical  chemistry,  and  it  is 
unquestionable  that  it  is  here  the  real  explanation  is  to  be  found. 
There  is  little  doubt  that  the  electrical  phenomena  of  the  tissues 
are  connected  with  the  existence  in  them  of  membranes^  envelopes, 
or  sheaths,  physiological  if  not  always  anatomical,  which  are  rela- 
tively impermeable  to  certain  ions.  When  such  a  sheath  is  injured, 
these  ionjj,  carrying  with  them  their  electrical  charges,  may  be 
supposed  to  migrate  with  abnormal  freedom  through  the  injured 
part.  A  new  distribution  of  electricity  is  thus  established  in  the 
tissue.  Since  the  development  of  the  new  electrical  condition 
depends  upon  the  fundamental  structure  of  the  tissue,  these  modem 
views  lead  us  back  to  du  Bois-Keymond's  doctrine  of  a  pre-existing 
electrical  cquiUbrium  connected  with  the  essential  pnysiologica! 
properties  of  muscle  or  nerve.  But  instead  of  his  electromotive 
elements  and  their  definite  arranRement.  we  have  the  ions  and  their 
definite  relation  to  the  semi -permeable  membranes. 

Relation  between  the  Action  Current  and  Functional  Activity. 

Although  the  negative  variation  is  so  general  an  accompaniment 
of  excitation,  and  is  even  within  tolerably  wide  limits,  in  muscle  and 
nerve  at  least,  pretty  nearly  proportional  to  the  strength  of  the 
stimulus,  it  is  at  present  impossible  to  sav  definitely  what  the 
chemical  or  physical  changes  are  which  underlie  it,  nor'how  closely 
they  arc  related  to  the  functional  activity  of  the  tissues. 

The  action  current,  like  the  demarcation  current,  may  be  due  to 
ctianges  in  the  pcrmcabiUty  of  membranes  or  changes  in  ihc  con- 
centration of  certain  ions. 

Although  the  electromotive  changes  caused  by  excitation  arc  much 
more  transient  tlum  those  caused  by  injury,  everything  suggests  that 
there  must  be  some  deep  analogy  between  the  two  conditions 
Some  have  supposed  that  what  may  be  called  a  subdued  and  more 
or  less  p»ermancnt  excitation  exists  in  the  neighbourhood  of  the 
injured  tissue,  an  excitation  wliich,  like  some  other  forms,  does  not 
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Spread,  and  that  this  explains  the  similarity  of  electrical  condition 

in  activity'  and  injury. 

f  It  is.  of  course,  clear  that  encfRy  must  be  transformed  to  produce 
an  electromotive  force  capable  of  doing  work.  It  may  be  assumed 
that  this  energ\'  is  ultimately  derived  from  the  stock  of  chemical 
energy  iu  the  tissue-substance.  But  whether  in  the  ftnal  trans- 
formation the  electrical  phenomena  arc  the  expression  of  chemical 
changes  or  of  physical  ^osmotic)  changes,  or  of  both,  we  do  not 
know.  Bernstein  has  supposed  that  in  the  chemical  process,  whose 
visible  outcome  is  a  muscular  contraction,  there  are  tlirec  stages  : 
(I)  The  hbcralion  of  (intra-molecular)  oxygen  from  the  molecules 
of  the  living  substance,  and  its  appearance  as  active  or  atomic 
oxygen  (p.  355) ;  (2)  Oxidation  of  the  contractile  substance  by  tliis 
oxygen  ;  (3)  The  assimilation  of  oxygen  by  the  contractile  substance 
— i.e.,  its  passage  into  the  ittogen  molecules  {p.  333).  According 
to  him,  it  IS  the  first  of  these  stages  which  is  associated  with  the 
abrupt  development  of  the  difference  of  potential  between  the 
excited  and  uncxcitcd  portions  of  the  muscle  which  we  call  the 
negative  variation.  This  first  stage  he  assumes  to  be  completed 
before  the  visible  contraction  begins  ;  and  he  originally  asserted 
that  the  same  was  iruc  of  the  negative  variation.  It  is  now  known 
that  the  latter,  although  it  begins  before  the  contraction,  and  very 
rapidly  reaches  its  maximum,  declines  more  gradually,  so  that  it 
overlaps  the  mechanical  change  of  form.  This  is  particularly  well 
seen  in  veratrinized  muscles  (p.  573).  in  which  the  electrical  variation, 
like  the  contraction,  is  greatly  prolonged  (Garten).  Nevertheless, 
Bernstein's  theon,-,  even  with  this  Umitation,  agrees  with  what  is 
known  as  to  the  influence  exerted  on  the  action  current  bv  the 
mechanical  conditions  of  the  contraction.  For  the  electrical  change 
is  little,  if  at  all.  affected  by  the  tension  of  the  muscle  or  the  load 
it  has  to  lift  ;  and  this  is  wfiat  we  should  expect  if  it  depends  on  a 
process  which  is  mainly  comnleted  before  the  contraction  begins. 
There  are,  however,  certain  facts  which  warn  us  against  too  con- 
fidently associating  the  negative  variation  with  any  absolutely 
essential  step  in  the  excitatory  process.  In  regenerating  ner\es, 
apparently  normal  nerve  impulses  can  be  set  up  and  propagated 
without  any  jxTceptible  electrical  variation.  And  Ootch  and 
Burch  sometimes  found  that  in  ner\'es  kept  (in  physiological  s;vU 
solution  made  with  tap-water)  for  twenty-tour  to  forty-eight  hours 
before  observation,  two  electrical  variations  could  be  obtained 
in  response  to  two  successive  stimuli  from  one  part  of  the  nerve, 
and  only  one  from  another — an  anomaly  which,  since  the  physio- 
logical condition  of  the  nerves  was  known  to  be  very  uniform, 
they  could  only  explain  by  supposing  that  in  the  ]wirt  oJ  the  nerve 
which  showed  only  one  variatKju  the  second  excitatory  process, 
although  normally  propagated,  was  not  accompanied  by  a  separate 
electrical  change. 

Polarization  of  Muscle  and  Nerve.*— We  have  already  spoken 
»£  electrical  excitation  and  ol  the  changes  of  excitability  caused 
the  passage  of  a  constant  current  (p.  ^qg).     We  are  now  to 
it   these  physiological   effects  are  accompanied  by,   and 
very  closely  related  to,  more  physical  changes  which  the 

tionfr  in  small  type  on  pp.  <*yi  to  044  may  Ik»  omittwl.  except 
interested  in  the  subject  or  reading  for  a  9i)ecial  purytose. 
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or  dectnHBCtn'  reveals  Id  us-  Sbck  ttese  Cluovr 
■  tbe  physical,  and  thnriufe  nIfiiMlrly  oo  the  pb.ytao' 
suaume  of  the  tiasiies,  tlKy  teve  been  deeply  5twfyd, 
env.  There  is  no  q'-  »-*■■»  dnx  tfaey  fJrpnMf 
the  fiieseme  in  the  bssnes  of  nemfanacs  presenting  a 
geUUwIy  great  rcsistaDce  to  tbe  pasEa^  <tf  iaos.  Wben  a 
cmoa  is  passed  by  means  o<  onpoftmsafale  elctUudes  {F«g.  k8q^ 
p.  545)  dtfOQgh  a.  mnsde  or  nerve  for  sef«nl  seoonds,  and  the 
twmr  tfarcnni  on  to  tte  galvanoneter  iiniiwliitilj  after  this 
ftimiiim^  comat  is  opened,  a  AJInftimi  is  seen  indirating  a 
cnrreat  (negative  polaniatBOO  carreDt)  in  tbe  opposite  dinxtion. 


Tkisne^itiTe  pntaTtrarinn,  fche  tbe  pntarirarinn  of  tbe 
flDen  after  prwngp  ol  a  cm  i  can  thnmA  any  oriSaant  glu-Uulytic 
eondactor,  dilate  solplianc  zaA.  e^^  rtrprait  on  the' lSiesa.tioo  of 

IP^   354)    *^    ^be    kathndr    and 
It  is  seca  not  oaly  in  nrasde. 
nem;.  and  other  iniia»l  tiv>«v  bat 
»}su  in  ^^egrtaliie  stractares,  aad  in- 
deed,   to    a   cectasa   cxtntu    in    on- 
oreanued  pocpas  bodies  soaked  arith 
electrolytes.      In  ^asdr  and   nerre, 
bowevcr,  it  is  paitkaluH' well  marked ; 
and  ahboagb  it  is  not  bonad  ap  with 
tbe  file  of  tbe  tissae.  and  may  be 
obtained  vbea  tbis  has  become  qoite 
'«->  -rrahte,    it    is    nrvertbeieas    de- 
nt on  tbe  pccservation  of  the 
^'i:.J^~^****"  .^  - — J  stractane,  far  a  boiled  muscle 

ten»rfa»    or     Poi^i.x     sh^aB  bat  littie  aegatix^  poUritatioa. 
ii!^S^^;SL.^«jr  ^T"    «»e     pS^iing    cnrrrnt     is 

r       .  Strong,  and  its  ttme  of  ckksarc  short, 

;  C  t">  "i™"!"!-  ^1^  obtain,  on  connecting  tlie  tissae 
with  the  gahranumetei  ma  opeaiag 
the  corzcnt,  not  a  ne^tsve,  out  a 
positim  deflection,  indaating  a  so- 
caUed  positive  pManimtiim  amrtnt  in 
tbe  same  direction  as  that  of  tbe 
poUriazng  stpcam.  This  is  reaOy  aa 
actioo  stream,  doe-  to  the  opening 
excitation  set  op  at  the  anode  ( p.  5  ^6). 
It  is  only  obtained  artien  the  tissue  b 
livxag,  and  is  far  more  strongly  marked  in  tbe  anodic  than  in  tbe 
kathodic  repon. 

Sappose  tibat  the  ner\^  tn  Fig.  248  is  stimulated  b>*  the  opening 
of  tbe  battery  B,  and  that,  immediately  after,  the  ncr\-e  is  ooonected 
with  the  galvanometer  G  by  the  electrodes  E,  £^.  Suppose.,  farther, 
that  tbe  shaded  orgioa  near  the  anode  remains  more  excited  for  a 
»hort  time  than  tbe  rest  of  the  nerw,  and  wc  have  seen  (p.  6oo>  that 

alter  the  opening  ot  a  strong  carrent  there  is  a  defect  ol  conductivity 
__•_._.___     _  _^  _«  ^^  _  .        ...    ^Q^jj 

at  E  being  electro 
relativ^  to  that  atE^.  an  action  cnnvni  will  pass  through 


m  tke 
c(    tkt 

m  tke   iBtra- 
T-    ipdicato   the 
the  kathode  ol  the 


especialh-  in  tbe  ncii^ioaniood  of  tbe  anode,  which 
localite  cxcjtstiaa.    Tba  portion  of 
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direction  as  the  original  stimulating  stream — that  is,  it  will  have 
the  difL'ction  oi  the  positive  polarization  current. 

llndtT  certain  conditions  a  statu  of  continuous  excitation  in  the 
anodic  rcy:ion  of  a 
nerve  is  sho\\Ti  by  a 
tetanus  of  ils  muscle 
( Ritter's  tetanus,  p.  5  56, 
and  Fig.  240). 

Griitzncr  and  Tiger- 
stedt  have  put 
forward  a  different 
theory'  of  the  break 
contraction.  They 
say  it  is  really  *a 
closing  contraction 
due  to  the  closure  of 
the  negative  polariza- 
tion current  through 
the  tissue  itself,  as 
soon  as  the  polarizing 
current  is  opened. 
But  while  stimulation 
docs  sometimes  take 
place  in  this  way.  tlie 
contention  of  these 
observ^ers  that  t  here 
is  only  one  kind  of 
elect  rical  stimulus. 
the  kathodic.  or  make, 
cannot  be  admitted. 


Ml-  i4«). —  kiTTER's  Tetanus. 

A  strong  voltaic  current  was 
p;u»svd  fur  some  time  through 
thf  nerve  of  a  miisclr -nerve 
['reparation.  On  opening  the 
■  irruit,  the  itiuwIp  gave  one 
strong  contraction,  and  then 
entered  into  irregular  tetanus, 
which  continued  for  four 
minutes.  (Only  the  fimt  port 
of  the  tracing  is  reprodured.) 


Electrotonic 
Currents.  —  H   a 

current   be   passed 

from    the    battery 

through  a  medullated  nerve  (Fig.  250)  in  the  direction  indicated 

by  the  arrows,  while  a  galvanometer  is  connected  with  either 

of  the  extrapolar  areas,  as  shown  in  the  figure,  a  current  will 

pass  through  the  galvanometer,  in  the  same  direction  in  the  nerve 

as  the  polarizing  current,  so  lonp  as  the  latter  continues  to  flow. 

These  currents  arc 
called  electrotonic  ( i  11 
the  kathodic  region 
hatcUitrotonic  ;  in  tlie 
anodic,  aneUctrotonic). 
The  exact  mode  of 
their  production  is 
obscure.  Similar 
currents  can  be 
detected  in  artificUl 
models   consisting   of 

a  good  conducting  core,  and  a  badlv  conducting  envelope :  for 
example,  a  platinum  wire  in  a  glass  tube  tilled  vrith  saturated  zinc 
sulphate  solution,  or  a  zinc  wire  covered  wth  cotton-wool  soaked 
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in  salt  solution.     In  such  models  it  appears  to  be  essential  that  Uierc 
should  be  polarization  (separation  oi  ions)  at  the  t>oundar\'  betwee 
the  core  and  the  sheath — i.e.,  between  the  wire  and  the  liquid,  whe 
the  current  passes  from  the  one  to  the  other. 

A  current  led  into  the  sheath  tries,  so  to  speak,  to  pass  raostb^* 
the  good  conducting  wire.     If  this  is  not  polarizablc — if  it  is,  e^g.. 
zinc  wire  surrounded  by  saturated  zinc  sulphate  solution — there 
little  or  no  spreading  of  the  current  outside  the  electrodes  :  it  p 
at  once  into  the  core,  and  so  on  to  the  other  electrode.      If,  howcv 
there  is  polarization  when  the  current  passes  from  the  liquid  into  t 
wire,  as  is  the  case  in  the  platinum-zinc  sulphate,  or  the  zinc-sodiu 
chloride  combinations,    the   stream   sprc.ids    longitudinally    in    t 
sheath  since  the  ^x)larization  introduces  a  virtual  resistance  at  t 
surface  of  the   wire,   in   comparison   with   which   the  difference 
resistance  of  an  oblique  and  a  direct  transverse  path  through  tl 
Uquid  becomes  small.     It  has  been  supposed  that  in  raeduUat 
ncr\'e  a  similar  polarization  takes  place  at  the  boundary'  betw 
some  part  of  tlie  ner\'e-Jibre  which  may  be  called  a  core,  and  anoth 
part  which  may  be  called  a  sheath — for  instance,  between  the  axis- 
cylinder  and  the  medullary  sheatli,  or  between  tlie  latter  and  the 
neurilemma.     It  is  known  that  the  electrical  rcsistr.nce  of  nerve  in 
the  transverse  direction  is  much  greater  (five  to  seven  times)*  than 
the  longitudinal  resistance.     Since  a  rapidly-established  polarization 
would,  by  the  ordinar\'  methods  of  measurement,  apjjcar  as  a  resist 
ance,  this  has  been  adduced  as  cxidence   of  the   jjrcat  capacity  of 
nerve  for  polarization  by  a  current  passing  across  the  fibres.     It  is, 
however,  probable,  from  what  we  know  of  the  enonnous  electrical 
resistance  of  the  physiological  envelopes  of  such  cells  as  the  red  blood- 
corpuscles  (p.  19),  that  the  great  transverse  resistance  of  nerve,  and 
indeed  the  electrotonic  currents,  are  due  in  part  if  not  wholly  to  the 
true  resistance  of  one  or  more  of  its  envelopes  (perhaps  the  medullary 
sheath).     Examples  of  such  differences  of  resistance  even  in  the  fluid 
constituents  of  one  and  the  same  animal  structure  arc  not  wanting. 
For  instance,  the  six-cific  resistance  of  the  yolk  of  a  hen's  egg  may 
three  times  greater  tiian  that  of  the  white. 

The  electrotonic  currents  cannot  spread  beyond  a  ligature  ;  the 
are  stopped  by  anything  which  destroys  the  structure  of  the  tissue 
they  are  affected  by  various  reajicnts.  But  this  docs  not  prove  I  ha 
they  are  other  tlian  physical  in  origin,  for  wliat  destroys  the  structu 
of  the  tissue  or  modifies  its  molecular  condition  may  destroy 
diminish  its  capacity-  for  polarization,  or  alter  its  electrical  rcsistaucej 

Tliere  arc.  however,  certain  facts  which  indicate  that  physiologic 
factors,   as   well   as   physical,   are   concerned.     While   the   currcn 
obtained    from    core-models   show   a    general    resemblance    to    thi 
electrotonic  currents  of  mcdullated  nerve,  there  is  one  sigiiifican 
difference :   in   the   former   the   katclectrotonic  and   anelectrotoni' 
currents  arc  of  equal  intensity  ;  in  the  latter  the  anelectrotonic  pre 
pontlerates.     The  most  probable  explanation  is  that  the  anelectro- 
tonic current  of  medullated  ner\'e  is  made  up  of  two  distinct  electrical 
effects,  one  physiological  in  nature,  the  other  dependent  merely  on 
the  structure  and  pliysical  properties  of  the  fibres,  while  the  ka 
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•  Since  a  piirt  o(  the  current  is  confhictcd  by  the  cnnncctive  tissue 
and  other  structures  lyinjj  between  the  ncrvp-fibres.  am]  the  lonettudmal 
and  trunsvo'rsc  rcMstance  of  tlici»e  tisstics  may  be  supp«)sie<l  <*t|ual,  the  dis- 
proportion  between   the   longitudinal   and   transver.-te  resistance  of   th 
tierve-fibres  themselves  is  pruliaMy  nuicli  j^reat'T  tlian  this. 
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electrotonic  current  is  wholly  physical.  It  is  in  favour  of  this 
hypothesis  that  under  the  influence  of  ether,  which  abolishes  the 
pixysiologrical  functions  of  nerve,  the  anelcctrotunic  current 
diminishes  till  it  becomes  equal  to  the  k;ilclectrotonic.  Non- 
mcduHatcd  nerves,  in  which  the  conditions  for  physical  electrotonus, 
if  present  at  all,  are  only  feebly  devclojwrd.  and  which  exliibit  no 
katelectrotonic  current,  of  only  a  vcr^'  weak  ono,show  an  electrotonic 
current,  whi*:h  is  abolished  by  ether,  and  seems  to  represent  the  physio- 
logical porli<m  of  the  anelectrotnnic  current  of  mcdii  Hated  nerve. 

Physical  electrotonus  must  be  distinguished  from  the  changes  of 
excitabiUt^'  produced  by  the  constant  current,  to  which  the  name  of 
electrotonus  is  alao  sometimes  given.  For  alilunigh  the  decline  in 
the  intensity  of  the  electrotonic  currents,  as  we  pass  away  from  the 
electrodes,  has  its  analogue  in  the  distribution  of  tlie  electrotonic 
changes  of  excitabihty,  and  there  are  other  facts  which  suggest  a 
relation  between  the  two,  wc  are  ignorant  of  the  real  nature  of  this 
relation. 

Effects  of  Stimulating  a  Polarized  Nerve. — Stimulation  of  the 
nerve  while  the  polarizing  current  is  flowing  causes  in  general  in  the 
cxtrai>olar  regions  a  negative  variation  of  the  electrotonic  current,  but 
in    the   intrapolar  region   a   jjositive   variation,     Tli''   I'ttt-r   is   un- 

do^ibtcdly  an  action  stream. 

Hermann  has  explained  its 
direction  on  the  assump- 
tion that  the  excitation 
diminishes  in  intensity  as 
it  approaches  the  kathode 
or  recedes  from  the  anode, 
and  increases  in  intensity 
as  it  passes  towards  the 
anode  or  away  from  the 
kathode  (law  of  polarization 
increment).  But  the  fact 
that  during  the  flow  of  a 
current  the  conductivity  of 

the  nerve  is  far  more  depressed  around  the  kathode  than  near  the 
anode  affords  a  sufficient  explanation. 

The  nerve-impulse,  starting  from  the  stimulating  electrodes  S 
(Fig.  251),  will  pass  over  E.  the  anode,  in  greater  intensity  than  over 
Ep  the  kathode ;  and  therefore,  upon  the  whole,  during  tetanus  E  will 
be  electro  ijositive  to  Ej,  and  a  current  of  action  will  be  developed 
in  the  same  direction  as  the  (:>olarii&ing  current,  and  reinforcing  it. 
When  the  kathodic  block  is  complete,  and  the  excitation  lias  to  pass 
over  the  kathode  before  reaching  the  intrapolar  region,  no  effect  is 
produced  by  stimulation. 

After  the  opening  of  the  polarizing  current,  electromotive  changes 
can,  as  wc  have  seen,  be  recognised  for  a  short  time  in  the  intrapolar 
areai.  This  is  also  true  of  both  cxtrapolar  regions.  The  main  after- 
current in  the  anodic  region  is  in  the  opposite  direction  to  the 
polarizing  stream  :  but  this  is,  under  certain  circumstances,  preceded 
by  a  verv  short  kick  of  the  gal\'anometer  magnet  in  the  same  direc- 
tion. Tiie  kathodic  after-current  is  in  the  same  direction  as  the 
jxilarizing  stream,  and  is.  except  with  strong  currents  and  a  com- 
paratively longtimeof  closure,  much  weaker  than  the  main  anodic. 
The  latter  is  to  be  looked  upon  as  having  the  same  origin  as  the 
positive  polarization  current  of  the  intrapolar  region,  a  state  of 
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¥riKn  tbe  cvTcnt  of  rest  s  ciHBpeflsited  br  a  bnuKh  of  an 
LMiciU  jnst  saAoent  to  habnrr  it  oad  bcmc^^  gahraaoaBetcr  imagie 


back  to  KTo,  tiK  action  ctioit  Apyfean  aioae  m 
sfcjcn^tlL  Thm  shows  that  ifae  latter  is  not  doc  to  a  chan^  of 
clectrica]  resirtaace  duhng  excatatioo,  ance  soch  a  change  inmki 
equally  aflect  currest  of  rest  and  oowpensating  ctxrrent.  and  they 
woold  atiO  Kph*^'^  each  other-  The  action  cvrrrnt  is  really  dae  to 
a  change  of  potential,  which  can  be  measBred  by  determiiung  what 
electromotive  force  is  iast  required  to  balance  it.  and  which  may 
actoally  exceed  that  of  the  corrent  of  rest.  Thos^  Sanderson  and 
Gotcfa  obtained  an  average  of  o^oS  of  a  I>anie!l  cell  (the  efectrocnotiv 
force  of  the  Darnell  wotdd  be  aboot  a  volt)  as  the  etecttomotive  forc« 
of  the  action  current  doe  to  a  single  indirect  excitatioa  of  a 
vigorous  frog's  gaatroci>cmiQs,  and  about  oxx4  DanieU  as  that  of  the 
current  of  rest.  The  electromoCi\'e  force  of  the  corFcnt  of 
in  the  rabbit's  n«>e  was  found  by  du  Bcns-Rcymood  to  be  ox>26; 

Gotch    and    Horsley     fou 
the  avera^  for  the  cat  o-oi 
.-vnd    for    the    monkey    only 
otao;. 

That  the  ftision  of  the 
successive  \'ariations  of  a 
tctanizcd  muscle,  as  seen  with 
t  he  gal  V  ano  meter,  is  only 
apparent  has  been  shown  by 
means  of  the  capillarv*  clectro- 
Tnetcr.  Even  with  a  frequency 
of  stimulation  far  be^•ond 
what  is  necessary*  for  com- 
plete tetanus,  each  stimulus 
is  answered  by  a  movement 
iif  the  meniscus  (Figs.  245* 
J46).  In  ncr\e,  also,  each 
of  two  successive  stimuli 
causes  its  appropriate  elec- 
trical change  when  they  are 
separated  by  an  interval 
longer  than  a  certain  small 
fraction  of  a  second.  The 
precise  inter\'al  at  which  the 
second  stimulus  ceases  to  be 
effective  depends  on  the  temperature  of  the  ner\c,  being  markedly 
increased  by  cold  (Gotch  and  Burch). 

Before  Burdon  Sanderson  introduced  the  capillary  electrometer 
lor  the  study  of  the  electrical  phenomena  of  li\-ing  tissues,  and  Burch 
I>erfcctcd  a  method  for  the  measurement  of  the  curves,  the  diffcrentiai 
rheotome,  originally  constructed  by  Bernstein,  was  the  most  valuable 
instrument  we  possessed  for  experiments  on  the  time  relations  of 
these  phenomena.  By  its  aid,  for  instance,  it  was  shown  that  the  rate 
of  proijagation  uf  the  electrical  change  in  muscle  is  the  same  as 
that  of  the  mechanical  change,  and  in  nerve  the  same  as  that  of  the 
nervous  impulse.  Observations  on  muscle  made  by  the  more 
accurate  method  of  the  capillar\-  electrometer  have  confirmed  those 
earlier  results,  the  velocity  of  propagation  of  the  dipliasic  variation 
aluni;  a  frtssh  sartorius  at  14*'  C.  being  in  one  experiment  2*8  metres, 
in  another  at  iK°  C.  .5-5  metres  (Sanderson).     {Sec  p.  579.) 
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The  differential  rheotomc  (Fig.  247)  consists  essentially  of  a 
stationary  metal  ring,  the  whole  or  part  of  which  is  graduated,  and  of  a 
portion  which  can  be  made  to  revolve  at  a  known  rate.  Tlac  latter 
carries  two  contacts  :  a,  an  obliquely-placed  platinum  wire  which 
touches  at  every  revolution  a  horizontal  ^^^rc  b  on  the  fixed  ring,  thus 
making  and  breaking;  the  primary  circuit  Pof  an  inducliun  machine, 
and  so  causing  slimulUiou  oi  a  muscle  or  nerve  M  connected  with 
the  secnndan,'  S  ;  and,  c,  a  double  contact,  either  in  the  form  of  two 
platinum  wires,  which  dip  into  two  mcrcur>'  troughs,  or  of  two  mre 
brashes  rubbing  on  ctijiper  blocks  d,  at  a  certain  part  of  the  revolu- 
tion. The  tronglis  or  blocks  arc  connected  with  a  circuit  containing 
a  galvanometer  ('■,  and  a  portion  of  the  muscle  or  nerve  arranged  so 
as  to  give  a  strong  action  current.  This  circuit  is  completed  by  the 
wires  or  brushes,  which  are  in  metallic  contact  with  each  other  ;  and 
the  relative  position  of  the  fixed  contact  in  the  primary  circuit  and 
of  the  trouglis  or  copper  blocks  can  be  altered  so  as  to  alter  at  will 
the  interval  between  stimulation  and  closure  of  the  galvanometer 
circuit.  The  proportion  of  the  whole  revolution  during  which  this 
circuit  is  closed  can  be  varied  by  changing  the  relative  (xisition  of 
the  two  copper  blocks.  Suppose  the  tissue  is  stimulated  at  one  end 
while  the  leading-off  electrodes  are  at  the  other.  When  the  contact 
a.  &.  is  made  at  the  same  time  as  c,  rf.  no  deflection  will  be  shown  by 
the  galvanometer  if  tlic  rhcotome  is  revolving  rapidly  (the  demarca- 
tion current  being  accurately  comj^ensated),  because  the  circuit  will 
be  opened  before  the  ]>ositive  change  has  time  to  travel  to  the  Icading- 
ofF  electrodes.  But  as  the  distance  between  h  and  d  is  increased,  a 
small  deflection  will  appear,  wliich,  with  further  increase  o(  the  dis- 
tance, will  become  larger,  reach  a  maximum,  and  then  begin  to  fall 
off  again.  The  first  small  deflection  corresponds  to  the  jxisition  in 
which  the  positive  change  has  just  Iiad  time  to  reach  the  Icading-off 
electrodes  before  tlte  galvanntnctcr  circuit  is  o|>cncd.  The  maximum 
deflection  corresponds  to  a  jn^rirMl  a  little  later  Ihnn  this,  bccaust^  the 
electrical  \*iirialion  does  not  at  once  reach  its  maximum  at  any  ixiint. 

There  is  ample  evidenre  that  the  excitatory  electricaJ  response 
is  a  normal  physiological  phenonienon.  In  human  skeletal 
muscles  tlie  current  of  action  has  been  demonstrated,  by  con- 
necting a  galvanometer  with  ring  electrodes  passing  round  the 
forearm,  and  throwing  the  muscles  into  contraction.  A  diphasic 
variation  is  thus  obtained  ;  and  the  electric^il  change  travels 
with  a  velocity  of  as  much  as  twelve  metres  per  second,  which 
is  greater  than  the  velocity  in  frogs'  muscles.  Electromotive 
changes  are  likewise  associated  with  the  beat  of  the  heart. 
Action  currents  have  also  been  detected  in  the  phrenic  ner\'es 
of  living  animals  accompanying  the  respiratory  discharge  (Reid 
and  Macdonald),  in  the  vagi  accompanying  the  movements  of 
the  lungs,  in  the  oesophagus  during  swallowing,  in  the  cutaneous 
sensory  nerves  in  resjwnsc  to  the  '  adequate  '  stimulus  of  pres- 
sure (Steinach),  in  the  retina  in  response  to  the  adequate  stimultis 
of  light,  in  glands  during  secretion,  in  the  central  nervous  system 
during  the  passage  of  inipulses  along  its  conducting  paths. 
Some  of  these  will  be  further  considered  a  little  later  on. 
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actual  changes  in  the  potential  difference  between  the  two  poan' 
led  oflf.  They  distinguish  in  ever>-  one  of  these  constructed  electro- 
cardiograms five  points  or  cusps,  three  of  which  indicate  cJectro- 
positivity  of  the  base  of  the  heart  to  the  apex,  and  two  positivity  ol 
the  apex  to  the  base.  The  electro-cardiograms  are  distinctly  aficcted 
by  exercise  and  by  the  position  of  the  body,  and  may  be  osefol  in  the 
in\-estigation  of  disease.  These  obse^^•e^s  confirm  Waller's  state- 
meat  that  it  is  best  to  connect  one  electrode  with  the  thoracic  wall 
over  the  apex  of  the  heart,  and  the  other  with  the  right  arm  or  the 
region  of  tnc  right  scapula.  The  two  feet  are  the  most  unfavourable 
combination. 

Central  Nervous  System. — It  was  disco\-ered  by  du  Bois-Reymond 
that  the  spinal  cord,  like  a  ncr\e,  shows  a  current  of  rest  between 
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cortex  cerebri,  they  obtained  a  persistent  negative  variation  ioUowed 
by  a  series  of  intermittent  variations.  This  agrees  remarkably  with 
the  muscular  contractions  in  an  epileptiform  convulsion  started  by 
a  similar  excitation  of  the  cortex,  which  consist  of  a  tonic  spasm 
followed  by  clonic  (interrupted)  contractions. 

By  means  of  the  galvanometer  the  same  observers  have  made 
investigations  on  the  paths  by  which  impulses  set  up  at  different 
points  travel  along  the  cord.  To  these  we  shall  have  to  refer 
again  (p.  702). 

Electromotive  changes  arc  siid  to  occur  iu  the  cerebral  cortex, 
when  various  sensor)'  nerves  are  stimulated — for  example,  wlien 
the  retina  is  excited  by  Ught.  But  only  a  few  exj^KTimcnts  hive 
hitherto  been  made  <by  Calon,  Beck,  and  Kleischl),  and  it  is  not 
certain  that  the  observed  differences  of  potential  liavc  their  seat 
in  the  grey  matter.  They  may  be  due  merely  to  the  excitation  of 
the  white  fibres. 

Glandular  Currents.  ^Thcsc  have  been  studied  with  any  care 
cliictty  in  the  submaxillary  gland  and  in  the  skin,  although  the  liver, 
kidney,  snleen,  and  other  org.'.ns  also  show  currents  when  injured. 
In  the  submaxillary  gland  the  hilus  is  electro-negative  to  any  point 
on  the  external  surface  of  the  gland  ;  a  current  passes  from  hilus 
to  surface  through  the  galvanometer^ 
and  from  surf  ice  to  hilus  tlirough  the 
gland  (Fig.  256),  When  the  chorda 
tympani  is  stimulated  with  rapidly- 
succeeding  shocks  of  moderate  strength, 
there  is  a  positive  variation — i.e.,  the 
hilua  becomes  still  more  electro-negative 
to  the  surface.  This  variation  can  be 
abolished  by  a  small  dose  of  atropia.  and 
then  stimulation  causes  a  slight  negative 
variation.  A  further  dose  of  atropia 
abolishes  this.  too.  With  slowly-inter- 
rupted shocks  (not  more  than  five  per 
second)   a   large    negative   variation   is 

caused,  and  no  [wisitive  variation,  and  the  same  is  true  of  rapid 
stimuli  ton  weak  to  excite  secretion. 

Single  induction  shocks  cause  a  diphasic  variation,  the  surface 
of  the  gland  liecoming  first  more  electro-positive  and  then  more 
electro-negative  to  the  hilus.  so  that  a  jxjsitive  deflection  of  the 
galvanometer  is  followed  by  a  negative. 

In  nearly  all  circumstances  stimulation  of  the  sympathetic  causes 
a  negative  variation.  Bradford,  to  whom,  and  to  Bavliss.  wc  are 
indebted  for  our  knowledge  of  this  subject,  explains  the  different 
behaviour  of  the  chorda  tympani  to  different  kinds  of  stimulation 
a5  due  to  the  existence  in  it  of  anabolic  tibres,  which  inere.ise  the 
building  up  of  the  proper  substance  of  the  gland,  in  addition  to  the 
kataboJic  fibres,  which  increase  destructive  metabolism  and  cause 
secretion  (p.  324). 

Skin  Currents.— So  far  as  has  been  investigated,  the  integument 
of  all  animals  shows  a  jxTmancnt  current  passmg  in  the  skin  from 
the  external  surface  inwards.  This  is  fecoler  in  skin  whicli  pos- 
sesses no  glands.  In  skin  containing  glands  the  current  is  cliicfly. 
btit  not  altogether,  secretory.  As  such,  it  is  affected  by  influences 
which  affect  secretion,  a  positive  variation  being  caused  by  excita- 
tion of  secretory  ner%'es-  -e.^.,  in  the  pad  of  the  cat's  foot  by  stmiula- 
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tioQ  of  the  sciatic.  The  deflection  obtained  when  a  finger  of  each 
hand  is  led  ofl  to  the  galvanometer,  which  was  at  one  time  looked 
upon  as  a  proof  of  the  existence  of  currents  of  rest  in  intact  muscles. 
is  due  to  a  secretion  current,  and  the  variation  seen  during  voluntary* 
contraction  of  the  muscles  of  one  arm  is  also  in  i«.rt  a  secretion  stream. 
Of  more  doubtful  origin  is  the  current  of  ciliated  mucous  mem- 
brane, which  has  the  same  direction  as  that  of  the  skin  of  the  Irog 
and  the  mucous  membrane  of  the  stomach  of  the  Iro]^  and  rabbit — 
viz.,  from  ciUatcd  to  under  surface  through  the  tissue,  or  from 
ciliated  surface  to  crojis-section,  if  that  is  the  way  in  which  it  is 
led  off.  The  current  is  strengthened  by  induction  shocks,  by 
heating,  and  in  general  by  influences  which  increase  the  activity  of 
the  cilia.  Some  circumstances  point  to  the  goblet-cells  in  the 
membrane  as  the  source  of  the  current  ;  but.  on  the  whole,  the 
balance  of  evidence  is  in  favour  of  the  cilia  being  the  chief  factor 
(Engclmann),  although  the  mucin -secreting  cells  may  be  con* 
cemcd,  too. 

Eye -currents. — H  two  unpolarizable  electrodes  connected  with 
a  galvanometer  are  placed  on  the  excised  eye  of  a  frog  or  rabbit, 
one  on  the  cornea  and  the  other  on  the  cut  optic  nerve,  it  is  found 

that  a  current  passes  in  the  eye  from 
optic  nerve  to  cornea,  the  fundus  of  the 
eye  being  therefore  electro-jxwitive  as 
regards  the  cornea.  The  current  has 
the  same  direction  if  the  anterior  elec- 
trode is  placed  on  the  anterior  surface  of 
the  retina  itself,  the  front  of  the  eyeball 
being  cut  away,  or  if  one  electrode  is 
m  contact  with  the  anterior  and  the 
other  with  the  posterior  surface  of  the 
isolated  retina.  There  is  nothing  of 
special  interest  in  this  ;  but  the  im- 
[M^rtant  point  is  that  if  light  be  now 
allowed  to  fall  u[>on  the  eye,  or,  better, 
the  isolated  retina,  an  electrical  change 
is  caused,  first  in  the  same  direction  as 
the  previous  (injury)  current,  and  then 
in  the  opposite  direction,  succeeded  by  another  movement  in  the 
same  direction,  when  the  light  is  cut  off.  The  second  of  these 
effects- that  in  the  opposite  direction  to  the  current  of  rest — is 
not  an  essential  part  of  the  phenomenon,  as  the  recent  work  of 
Gotch  has  shown.  He  obtained  records  of  the  changes  in  the  frog's 
eye  with  the  capillary  electrometer.  Both  when  the  hght  acts 
and  when  it  is  shut  ofi  there  is  an  electrical  effect,  and  in  both  case. 
it  is  in  the  same  direction  as  the  resting  effect,  the  fundus  becoming 
more  strongly  electro-positive  to  the  cornea  than  before.  The 
amount  of  the  effect  due  to  cessation  of  the  light  depends  on  the 
duration  of  tlie  previous  hght  exposure.  There  is  a  minimal  dura- 
tion of  exposure  with  which  it  ceases  to  occur,  but  beyond  this  it 
increases,  within  certain  limits,  with  the  duration  of  the  previous 
illumination,  and  when  that  duration  is  the  most  favourable,  tlic 
effect  produced  by  cessation  of  hght  is  far  greater  than  any  change 
caused  by  illumination.  He  considers  his  results  to  indicate  the 
existence  in  the  j)t»slerior  jMjrtion  of  the  eyeball  of  two  photo- 
chemical substances,  one  of  whicli  reacts  to  light,  and  the  other  to 
darkness. 
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The  variations  depend  upon  the  retina  alone,  and  do  not  occur 
when  it  is  removed.  Bleaching  of  the  visual  purple  docs  not  much 
affect  them,  so  tiwt  thcv  are  nut  connected  with  chemical  changes 
in  this  substance.  Of  the  spectral  colours,  yellow  light  causes  the 
largest  variation  ;  blue,  the  least  ;  but  white  hght  is  more  powerful 
than  either.  (Dewar  and  McKendrick.)  (For  'visual  purple/ 
see  Chapter  XI H.)  In  the  ccphalopod  retina,  too,  the  only  im- 
portant electrical  ch.inLje  on   ilhiinia.ili«3n   is  in   the  same  direction 


N 


Fig.  j^S. — DiAgfiAM  sHowttiG  DiRKcrioN  or  Shock  in  Gvmnotvs. 

as  the  resting  effect.  Its  seat  must  be  the  layer  of  rods  and  cones. 
since  in  the  ceph?.lopods  the  structure  called  the  retina  contains 
only  this  layer,  the  other  layers  of  the  vertebrate  retina  being  repre- 
sented in  the  optic  nerve  and  gangUon  (Beck). 

Electric  Fishes. — Except  Ughtning,  the  shocks  of  these  fishes  were 
probably  the  first  manifestations  of  electricitv  observed  by  man. 
The  Torpedo,  or  electrical  ray,  of  the  coasts  oi  Europe  was  known 
to  the  Greeks  and  Romans.  It  is  mentioned  in  the  writings  of 
Aristotle  and  Pliny,  and  had  the  hunuur  of  being  described  in  verse 

1,500  years  before  H?raday  

made  the  first  really  exact 
investigation  of  the  shock 
of  the  Gymnotus,  or  electric 
eel.  of  South  America. 
Another  of  the  electric 
fishes,  Maiapterurus  eiec- 
tricus,  although  found  in 
manv  of  the  African  rivers, 
the  Kile  m  particular,  and 
known  for  ages,  was  scarcely 
investigated  till  forty  years 
ago. 

In  all  these  fishes  there  is 
a  special  bilateral  organ  im- 
mediately under  the  skin,  called  the  electrical  organ.  It  is  in  this 
that  the  shock  is  developed.  It  consists  of  a  series  of  plates  arranged 
(larallel  to  each  other.  To  one  side  of  each  plate  a  branch  of  the 
electrical  ner%e  supplying  each  lateral  lialf  of  the  organ  is  distri- 
buted, so  that  each  lialf  of  the  organ  represents  a  battery  of  many 
cells  arranged  in  scries. 

In  Gvmnotus  the  plates  are  vertical,  and  at  right  angles  to  the 
long  axis  of  the  fish,  and  the  nerves  are  distributed  to  their  (xxtterior 
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surface  ;  tUe  shock  passes  in  the  animal  from  tail  to  head.  In 
Malapterurus,  although  the  direction  of  the  plates  is  tlie  same, 
and  the  nerve-supply  is  also  to  the  posterior  surface,  the  shock 
passes  from  head  to  tail. 

In  Torpedo,  the  plates  or  septa  dividing  the  vertical  hexagonal 
prisms  ot  which  each  lateral  half  of  the  organ  consists  are  hori- 
zontal ;  the  nerve-supnly  is  to  the  lower  or  ventral  surface  :  and  the 
shock  passes  from  belly  to  back  tlirough  \hc  organ.  In  all  electric 
fishes  the  discharge  is  discontinuous  ;  an  active  fish  may  give  as 
many  as  200  shocks  j>er  second. 

The  electrical  nerve  of  Malapterurus  is  very  peculiar.  It  con- 
sists of  a  single  gigantic  nerve-fibre  on  each  side,  arising  from  a 
giant  ncrvc-coU.  The  iibrc  lias  aii  enormously  thick  sheath,  the 
axis-cylinder  forming  a  relatively  small  part  of  the  whole  ;  and  the 
branches  wliich  supply  the  plates  of  the  organ  are  divisions  of  this 
single  axis-cylinder. 

The  electromotive  force  of  the  shock  of  the  Gymnotus  may  be 
verv'  considerable  :  and  even  Torpedo  and  Malapterurus  arc  quite 
able  to  kill  other  fish,  their  enemies  or  their  prey.  Indeed,  Gotch 
has  estimated  the  electromotive  force  of  i  cm.  of  the  organ  of 
Torpedo  at  5  volts,  Schonlein  finds  that  the  electromotive  force 
of  the  whnlc    or^an   may  be  equal  to   that  of  31  Diiniell  cells,   or 

008  volt  for  each  plate,  and 
it  is  one  of  the  most  interest- 
ing questions  in  the  whole  of 
electro  •  physiologi,,'.  how  they 
are  protected  from  their  own 
currents.  There  is  no  doubt 
that  the  current  density  inside 
the  fish  must  be  at  least  as 
great  as  in  r.ay  part  of  the 
water  surrounding  it.  and  prob- 
ably much  greater.  The  central 
nervous  system  and  the  great  nerves  must  be  struck  by  strong 
shocks,  yet  the  fish  itself  is  not  injured  :  nay,  more,  the  young  in 
the  uterus  of  the  viviparous  Torjxrdo  arc  unharmed.  The  only 
explanation  seems  to  be  that  the  tissues  of  electric  fishes  are  far 
less  excitable  to  electrical  stimuli  than  the  tissues  of  other  animals  ; 
and  this  is  found  to  be  the  case  when  their  muscles  or  nerves  are 
tested  with  galvanic  or  induction  currents.  It  requires  extremely 
strong  currents  to  stimulate  thiMn  ;  and  the  electrical  nerves  are 
more  easily  excited  mechanically,  as  by  ligaturing  or  pinching, 
than  eiectrically.  In  general,  too,  the  shock  is  more  readdv  called 
forth  by  reflex  mechanical  stimulation  of  the  skin  than  by  electrical 
stimulation.  But  that  the  organ  itself  is  excitable  by  electricity 
has  been  shown  by  Gotch.  He  proved  that  in  Torpedo  a  current 
passed  in  the  norrnal  direction  of  the  shock  is  strengthened,  and  a 
current  passed  in  the  opposite  direction  weakened,  by  the  develop- 
ment of^  an  action  current  in  the  direction  of  the  shock.  And, 
indeed,  a  single  excitiition  of  the  electrical  nerve  is  (cillowed  by  a 
series  of  electrieal  oscillations  in  the  organ,  which  gradually  die 
away.  The  LMent  period  of  a  single  shock  is  about  ^^  second. 
The  skate  must  be  included  in  the  list  of  electric  fishes.  Although 
its  organ  is  relatively  small,  and  its  electromotive  force  relatively 
feeble,  vet  it  is  in  all  respects  a  complete  clectricp.l  organ.  It  is 
situated  on  either  side  of  the  vertebral  column  in  the  tail.     The 
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plates  or  discs  arc  placed  transversely  and  in  vertical  planes.  The 
nerves  enter  their  anterior  surfaces  :  the  sliock  passes  m  the  organ 
from  anterior  to  j>osterior  end.  Gotch  and  Sanderson  have  esti- 
mated the  maximum  electromotive  force  of  a  length  of  i  cm, 
of  the  electrical  organ  of  the  skate  at  about  half  a  volt. 

Whether  the  electrical  organ  is  the  homologue  of  muscle  or  of 
ner\'c-ending,  or  whether  it  is  related  to  either,  has  been  much  dis- 
cussed. Our  surest  guide  in  a  question  of  this  sort  Is  the  study  of 
development  ;  and  researches  along  this  line  have  shown  that  there 
are  two  kinds  of  electrical  organ,  one  being  modified  muscle  (as 
in  Gymnotus,  Torpedo,  and  the  skate)  ;  the  other  transformed 
skin-glands  (as  in  Malapterurus).  Curara  does  not  affect  the 
electrical  organ  in  Torpedo,  although,  as  we  have  seen,  it  paralyzes 
motor  nerve-endings. 

Galvanotropism  is  the  name  given  to  a  group  of  curious  reactions 
shown  by  many  small  animals^  and  particularly  certain  unicellular 
organisms,  when  the  liquid  in  which  they  swim  is  traversed  by  a 
constant  current.  Some  kinds  of  infusoria — e.g.,  Paramwcium — 
travel  in  the  direction  of  the  current  towards  the  kathode  and 
collect  there,  others  towards  the  anode.  Animals  higher  in  the 
scale,  as  small  crabs,  also  exhibit  the  phenomenon,  and  move  towards 
the  anode.  Tadpoles  and  young  fish  arrange  themselves  with  their 
long  axis  in  the  direction  of  the  current,  c^nd  their  heads  turned  to 
the  anode.  As  to  the  cause  of  the  clfects  in  those  more  highly 
organized  animals,  it  lias  been  suggested  that  they  take  up  the 
position  in  which  they  arc  least  stimulated,  in  order  to  escape  dis- 
agreeable sensations  excited  by  the  current.  But  the  studies  of 
Loch  lend  no  support  to  this  idea  :  in  vertebrates  as  well  as  in  crabs 
he  believes  that  the  g;Uvanotropic  phenomena  arc  due  to  altera- 
tions produced  by  the  current  in  the  action  of  associated  groups  of 
muscles,  whereby  movement  of  the  body  or  turning  of  the  head 
towards  one  j>olc  is  rendered  easier  than  towards  the  other. 


PRACTICAL  EXERCISES  ON  CHAriEK  XI. 

t.  Galvani's  Experiment — Fith  a  frog  (brain  and  cord).  Cut 
througli  the  backbone  above  the  urostylc,  and  clear  away  the 
anterior  portion  of  the  body  and  the  viscera.  Pass  a  copper  hook 
beneath  the  two  sciatic  plexuses,  and  hang  the  legs  by  the  hook  on 
an  iron  trijxid.  If  the  tripod  has  been  painted,  the  paint  must 
be  scraped  awav  where  the  hook  is  in  contact  with  it.  Now  tilt 
the  tripod  so  tfiat  the  legs  come  in  contact  with  one  of  the  iron 
feet,  XNTicnever  this  happens,  the  current  set  up  by  the  contact 
of  the  copper  and  iron  is  completed,  the  nerves  are  stimulated,  and 
the  muscles  contract  (p.  630). 

2.  Make  a  muscle-nerve  preparation  from  the  same  frog.  Crush 
the  muscle  near  the  tcndo  Achillis,  so  as  to  cause  a  strong  demarca- 
tion current.  Cut  off  the  end  of  the  sciatic  nerve.  Then  lift  the 
nerve  with  a  small  brush  or  thin  glass  rod.  and  let  its  cross-section 
fall  on  or  near  the  injured  part  of  the  muscle.  Every  time  the 
ner\'e  touches  the  muscle  a  part  of  the  demarcation  current  passes 
through  it,  stimulates  the  nerve,  and  causes  contraction  of  the 
muscle  (p.  630). 
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3.  Secondary  Contraction. — Make  two  muscle-nerve  preparations. 
Lay  the  cross-section  of  one  of  the  sciatic  nerves  on  the  muscle  of 
the  other  preparation  (Fig.  253,  p.  645).  Place  under  the  nerve 
near  its  cut  end  a  smaU  piece  of  glazed  paper  or  of  glass  rod,  and 
let  the  longitudinal  surface  of  the  nerve  come  in  contact  with  the 
muscle  beyond  this.  Lay  the  ner\-e  of  the  other  preparation  on 
electrodes  connected  with'  an  induction  machine  arraijaged  for  single 
shocks,  with  a  Daniel!  cell  and  a  spring  kev  in  the  primary  circuit 
<Fig.  231.  p.  616).  On  closing  or  opening  the  key  both  muscles  con- 
tract. Arrange  the  induction  machine  for  an  interrupted  current. 
When  it  is  thrown  into  one  ner\-e,  both  muscles  are  tetaniaed  ; 
the  ner\'e  King  ^n  the  muscle  whose  nerve  is  directly  stimulated  is 
excited  by  the  action  current  of  the  muscle. 

Demarcation   Current  and   Current  of  Action  with   CapiUarf 
[a)  Studv  the  construction  of  the  capillarv  electro- 
meter   (Fig.    186, 


p.     541).       Raise 
the  glass  reservoir 
by  the  rack  and 
pinion    screw,    so 
as    to    bring    the 
meniscus    of    the 
mercur\-  into  the 
field.      Hace  two 
moistened  fingers 
on    the    binding- 
screws  of  the  elcc- 
trometer,   open 
the  small  key  con- 
necting them,  and 
notice     that     the 
morcur\-      mox'es, 
d   difference    of 
wtential  between 
rhe  two  binding- 
screws     being 
caused    bv    the 
moistened  lingers. 
: ' :  Dt'ntarcation 
,':i're''i;, — Set  up  a 
:\vir    of    unpolar- 
:zable     electrodes 
FiiT.   :So.  p.  545). 
r.:xcd  with  physio- 
l\^  Jo  this,  make 
:.\-  vi-^wn  the  tube. 
r.r;r.  plug.      Next 
•-v.N:^.  above  the 
:S.>  m  the  holder 
.-:.i:nate  the  small 
■".".ocTod  with  the 
V- -^T  "  electrodes. 
-.■.v.  Jinc  sulphate. 
•.  :-.>>:..^loi;ical  salt 
■-i"  .ircMit  between 
.::ror.ieter  to  test 
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whether  they  have  been  properly  set  up.  There  ought  to  be  little, 
if  any,  movement  of  the  mercury  on  opening  the  side-key  of  the 
electrometer.  If  the  movement  is  large,  the  electrodes  are'  '  polar- 
ized/ and  must  be  set  up  again.  The  second  ptair  of  binding-screws 
in  the  chamber  are  connected  with  a  pair  of  platinum-pointed 
electrodes  on  the  one  side,  and  on  the  other,  through  a  short-cir- 
cuiting key,  with  tlie  secondary  coil  of  an  induction  machine  arranged 
for  tetanus. 

Next  pith  a  frog  (cord  and  brain),  and  make  a  muscle-ncr\'e 
preparation.  Injure  the  muscle  near  the  tcndo  AchilHs.  Lay  the 
mjured  part  over  one  unpolariKabtc  electrode,  and  an  uninjured 
part  over  the  other.  Put  a  wet  sponge  in  the  chamber  to  keep  the 
air  moist,  and  place  the  glass  lid  on  it.  Focus  the  meniscus  of  the 
mercury,  and  oi>en  the  key  of  the  electrometer  ;  the  mercury  will 
move,  jjcrhaps  right  out  oi  the  field.  Note  the  direction  of  move- 
ment, and  remembering  that  the  real  direction  is  the  opposite  of 
the  apparent  direction,  and  that  when  the  mercury  in  the  capillary 
tube  IS  connected  with  a  i>art  of  the  muscle  which  is  electro-negative 
to  that  connected  with  the  sulphuric  acid,  the  movement  is  from 
capillary  to  acid,  determine  which  is  the  electro-positive  and  which 
the  electro-negative  portion  of  the  muscle  (n.  631). 

(c)  Action  Current. — Now  fasten  the  muscle  to  the  cork  or  paraffin 
plate  in  the  moist  chamber,  without  disturbing  its  position  on  the 
electrodes,  by  pins  thrust  through  the  lower  end  of  the  femur  and 
the  tendo  Achillis.  Lay  the  nerve  on  the  platinum  electrodes. 
Open  the  key  of  the  electrometer,  and  lot  the  meniscus  come  to 
rest.  This  happens  very  quickly,  as  the  capillary  electrometer 
has  but  little  inertia.  If  the  meniscus  has  shot  out  of  the  field,  it 
must  be  brought  back  bv  raising  or  lowering  the  reservoir.  Stimu- 
late the  nerve  by  opening  the  key  in  the  secondary'  circuit  ;  the 
meniscus  moves  in  the  direction  opposite  to  its  former  movement. 

{(1)  Repeat  {b)  and  {c)  with  the  nerve  alone,  laying  an  injured  part 
(crushed,  cut,  or  overheated)  on  one  elcclrodc.  and  an  uninjured 
part  on  the  other.      Of  course  the  nerve  docs  not  need  to  be  pinned. 

Clean  the  unpolarizablc  electrodes,  and  be  sure  to  lower  the 
reservoir  of  the  electrometer  :  otherwise  the  mercury  may  reach 
the  point  of  the  capiUar^■  tube  and  run  out. 

In  4  a  galvanometer  (p.  53S)  may  be  used  with  advantage  by 
students,  if  one  is  available,  instead  of  the  electrometer,  the  un- 
]X>larizable  electrodes  being  connected  to  it  through  a  short- 
circuiting  key.  The  spot  of  light  is  brought  to  the  middle  of  the 
scale  by  moving  the  control-magnet  ;  or  if  a  telescoiw-reading 
(Fig.  182,  p.  538)  is  being  used,  the  zero  of  the  scale  is  brought 
by  the  same  means  to  coincide  with  the  vertical  hair-line  of  tlic 
telescope.     The  short  circuiting-key  is  then  opened. 

5.  Action-current  of  Heart. — Pith  a  frog  (brain  and  cord).  Excise 
the  heart,  and  lay  tlxe  t>ase  on  one  unpolarizablc  electrode,  and  the 
apex  on  the  other,  luiving  a  sufficiently  large  pad  of  clay  on  the  tips 
01  the  electrodes  to  insure  contact  during  tne  movements  of  the 
heart,  or  having  little  cups  hollowed  in  the  clav  and  filled  with 
physiological  salt  solution,  into  which  the  organ  dips.  Connect  the 
electrodes  with  the  capillar^'  electrometer  and  open  its  key.  At 
each  beat  of  the  heart  the  mercur>'  will  move  <p.  645). 

6.  Electrotonus. — Set  up  two  pairs  of  unpoUrizable  electrodes  in 
the  moist  chamber.  Connect  two  of  them  with  a  capillan.'  electro- 
meter (or  galvanometer),  and  two  with  a  battery  ot  three  or  four 
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small  DanicU  cclLs,  as  in  Fig,  250.  Lay  a  frog's  nerve  on  the  elec- 
trodes. When  the  key  in  the  battery  circuit  is  closed,  the  raercur\- 
(or  the  needle  of  the  galvanometer)  moves  in  such  a  direction  as 
to  indicate  tluit  in  the  cxtra]x)la.r  regions  parts  of  the  ncr\'c  nearer 
to  the  anode  are  electro- ne|;pitivc  to  parts  more  remote,  and  parts 
nearer  to  the  kathode  are  elcctro-p*>sitivc  to  parts  more  remote 
The  direction  of  movement  of  the  mercury  (or  galvanometer  needle) 
mnst  be  made  out  first  for  one  direction  of 
the  ()olarizinp  current.  Then  the  latter  must 
be  reversed,  and  the  movement  of  the  mercury 
(or  needk)  *-m  closing  it  again  noted  (p.  641). 
7.  Paradoxical  Contraction. — Pith  a  frog 
(bniin  and  cord).  Dissect  out  the  sciatic 
nerve  down  to  the  i>oint  where  it  splits  into 
two  divisions,  one  lor  the  gastrocnemius  6. 
and  the  other  for  the  peroneal  muscles  a. 
DiWdc  the  peroneal  branch  as  low  do>^-n  as 
possible,  and  make  a  musclc-ncr\'e  prepara- 
tion in  the  usual  way.  Lay  the  central  end 
of  the  peroneal  nerve  on  electrodes  connected 
ihruugh  a  simple  key  with  a  battery  of  t>*'o 
Daoiell  cells.  When  the  peroneal  nerve  is 
stimulated  the  gastrocnemius  muscle  con- 
tritcts.  Tliis  result  is  not  due  to  the  current 
of  action,  for  it  is  not  obtained  with 
mechanical  stimulation  of  the  ner\'c  ;  but  it 
is  not  the  result  of  an  escape  of  current,  for 
if  the  peroneal  nerve  be  ligatured  between 
the  point  of  stimulation  and  the  bifurcation. 
no  contraction  is  obtained.  The  contraction  is  really  due  to  a  part 
of  the  electrotonic  current  set  up  in  the  peroneal  ncr\'c  passing 
through  the  fibres  for  the  gastrocnemius,  where  they  lie  side  by 
side  in  the  trunk  of  the  sciatic, 

8.  Alterations  in  ExcitabiUty  and  Conductivity  produced  in  Nerve 
by  the  Passage  of  a  Voltaic  Current  through  it. — (a)  Set  up  two 
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Fig.  263. — Arravochent  for  showing  Chamges  op  ExctTABiurv 

ritoDi'crD  DV  TfiL  Voltaic  Cl'hrent. 

M,  moAcle  i  N,  n*rvi»;  E,,  E,,  electrodes  connected  with  secondary  ooilS:  E,, 

K^,   unpoUrizable  electrr_»de5   connected  with    Pohl's  commutator    {with  crass> 

wires)  C  ;  B'.  *  poUrinng  '  battery  ;  B.  *  stimulating  '  battery  in  primary  circuit 

P  ;  K,  K',  ftiuipie  keys  ;  K',  &burt •circuiting  key. 

pairs  of  unpolarixablc  electrodes  in  the  moist  chamber.     Connect 
a  battery  01  two  or  three  DanieU  cells,  arranged  in  series  through 
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a  simple  key  with  the  side-cups  of  a  Pohl's  commutator  with  croea 

wires  in.  Connect  the  commutator  to  onu  pair  of  the  unpolarixable 
electrodes  ('the  polarizing  electrodes'),  as  in  Fig.  263.  The  other 
pair  of  luipolarizable  electrodes  ('  the  stimulating  electrodes  ') 
arc  to  be  connected  thitjugh  a  short-circuiting  key  with  the  secon- 
dary of  an  induction  mathinc  iirra.nged  for  tetanus.  A  single  Diinicll 
is  put  in  the  priiuLiry  crid.  Pith  a  frug  (brain  and  cord),  make  a 
muscle-nerve  prcp.^.ration,  pin  the  lower  end  oi  the  femur  tt>  the 
cork  plate  in  the  moist  chamber,  attach  the  thread  on  the  tendo 
Achillis  to  the  lever  connected  with  the  chamber  through  the  hole 
in  the  glass  provided  for  this  purpose,  and  arrange  the  nerve  on  the 
electrodes  so  that  the  stimulating  pair  is  between  the  muscle  and 
the  polarizing  pair.  By  moving  the  secondary,  seek  out  auch  a 
strength  of  stimulus  as  just  suflTices  to  cause  a  weak  tetanus  when 
the  polarizing  current  is  not  closed.  Set  the  drum  off  (slow  speed), 
and  take  a  tracing  of  the  contraction.  Then  close  the  polarizing 
current  with  the  Pohl's  commutator  so  arranged  that  tlie  anode 
is  next  the  stimulating  electrodes — 1.^.,  the  current  ascending  in 
the  nerve.  Again  open  the  short-circuiting  key  in  the  secondary  ; 
the  contraction  will  now  be  weaker  than  before,  or  no  contraction 
at  all  may  be  obtained.  Allow  the  preparation  two  minutes  to 
recover,  then  stimulate  again,  as  a  control,  without  closing  the 
polarizing  current.  If  the  contraction  is  of  the  same  height  as  at 
first,  close  the  |vilarizing  current  with  the  bridge  of  the  commutator 
reversed,  so  that  the  kathode  is  now  next  the  stimulating  electrodes. 
On  stimulating,  the  contraction  will  now  be  increased  in  height. 
(See  Figs.  226,  227,  p.  6txi). 

(fc)  Arrange  evcnt'thing  as  in  (ti),  except  that  one  of  the  polarizing 
electrodes  is  placed  at  each  end,  and  the  two  stimulating  electrodes 
close  together  in  the  middle  of  the  ner\'e.  .\  large  carbon  re- 
sistance {say  500,000  ohms)  is  introduced  into  the  circuit  of  the 
secondary  coil,  to  prevent  more  than  a  vcr\'  small  fraction  of  the 
polarizing  current  fnim  passing  through  the  coil.  Seek  out  the 
strength  of  stimulation  which  just  causes  contraction  when  the 
polarizing  current  is  not  closed.  Now  close  the  [>olarizing  current 
m  such  a  direction  that  the  anode  is  between  the  stimulating  elec- 
trodes and  the  muscle.  If  no  contraction  occurs  on  stimulation, 
push  up  the  secondary  towards  the  primary  till  the  muscle  contracts. 
Then  stop  the  stimulation,  open  the  |x>larizing  current,  and  allow  an 
interval  of  two  minutes.  Now  pass  the  polarizing  current  through 
the  nerve  in  the  opposite  direction,  so  that  the  kathode  is  between 
the  stimulating  electrodes  and  the  muscles.  No  contraction  will  be 
obtained  on  exciting  with  the  same  strength  of  stimulus  as  caused 
contraction  when  the  anode  was  next  the  muscle.  The  kathode 
hM  diminished  the  conducli\nty  of  the  nerve  ;  and  if  four  or  five 
small  Danicll  cells  arc  put  on  in  the  iH)larizing  circuit,  no  contraction 
may  be  obtained,  even  with  the  coils  close  together,  while  the 
excitation  will  still  pass  the  anode  and  cause  contraction. 

t>.  Pfiiiger's  Formula  of  Contraction  (p.  601).  — To  demonstrate 
this,  connect  twci  unj^nilanzablc  electnxles.  through  a  spring  key 
ami  a  commutator,  with  a  simple  rheocord  (Fig.  185,  p.  540),  so  as  to 
lead  off  a  twig  of  a  current  from  a  Daniell  cell.  The  unpolarizable 
electrodes  arc  placed  in  a  moist  chamber.  A  muscle-ncr\c  prepara- 
tion is  arranged  with  the  nerve  on  the  electrodes  and  the  muscle 
attached  to  a  lever.  The  effects  of  make  and  break  of  a  ^veak 
current,   ascending  and   descending,  can   be  worked  out   with   the 
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simple  xlieocord.  The  effects  ol  a  xnedimn  corrent  wSQ  pnibablf 
be  obtained  with  a  sing^  Danidl  connected  directly  with  the  elec- 
trodes through  a  key.  The  effects  of  a  strong  coirent  will  be  got 
when  three  or  four  Darnells  are  connected  with  the  dectrodes.  Cue 
must  be  taken  to  keep  the  preparation  in  a  moist  atmosfdien, 
and  more  than  one  preparation  may  be  needed  to  verify  the  ^Hwle 
formula. 

"  xo.  Ritter's  Tetanus. — Lay  the  nerve  of  a  muscle-nerve  jptepaim- 
tion  on  a  pair  of  unpolanzable  electrodes  connected  through  ft 
simple  k^  with  a  battery  of  three  or  four  small  Danidls.  Comaect 
the  muscle  with  a  lever.  Pass  an  ascending  current  (anode  next 
the  muscle)  for  a  few  minutes  through  the  nerve,  and  let  the  writing- 
point  trace  on  a  slowly-moving  drum.  When  the  current  Is  dosed 
there  may  be  a  single  momentsuy  twitch,  or  the  musde  may  remain 
somewhat  contracted  (galvanotonus)  as  long  as  the  current  is  allowed 
to  pass,  or  it  may  continue  to  contract  spasmodically  (*  dosiiig 
tetanus ').  When  the  current  is  opened  the  muscle  wiH  contract 
once,  and  then  immediately  relax,  or  there  may  be  a  more  or  lam 
continued  tetanus  (Ritter  s  or  '  opening  tetanus ').  If  opening 
tetanus  is  obtained,  divide  the  nerve  between  the  electrodes :  tiie 
tetanus  continues.  Divide  it  between  the  anode  and  the  muscle: 
the  tetanus  at  once  disappears.  This  shows  that  the  seat  of  the 
excitation  which  causes  the  tetanus  is  in  the  nei^bourhood  (rf  the 
anode  (p.  641). 

XI.  Gjilvanotropism. — Place  at  each  end  of  a  rectangular  trough 
filled  with  tap-water  a  metallic  plate,  or  a  plate  of  carbon,  coimected 
through  a  commutator  and  key  with  the  poles  of  a  Grove  or  bxduD- 
mate  oattery  of  several  cells,  or,  if  the  laboratory  is  provided  with 
a  current  from  the  street,  with  the  switch  through  one  or  move 
incandescent  lamps.  Put  into  the  water  a  number  of  tadpoles, 
which  should  not  be  too  young.  When  the  current  is  closest  the 
tadpoles  will  arrange  themselves  in  a  definite  way,  with  their  long 
axes  in  the  direction  of  the  lines  of  flow,  the  head  being  tumra 
towards  the  anode.  Reverse  the  current,  and  they  tmn  their 
heads  in  the  opposite  direction.  If  the  current  is  taken  from  the 
laboratory  supply,  the  anode  may  be  known  as  the  electrode  at 
which  least  giis  comes  off,  or  at  which  a  mixture  of  potassium  iodide 
and  starch  becomes  blue  (p.  65 1 ). 
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other  divisions  of  our  subject  we  have  l)een  able  to  follow 
to  a  greater  or  less  extent  the  processes  which  take  place  in  tJie 
organs  described.  The  chemistry  and  the  physics  of  these  pro- 
cesses have  bulked  more  largely  in  our  pages  than  tlie  anatomy 
d  histology  of  the  tissues;  themselves.  In  dealing  with  the 
central  nervous  system  we  must  adopt  a  nietliod  the  very  reverse 
of  this.  Its  anatomical  arrangement  is  excessively  intricate. 
The  events  which  take  place  in  that  tangle  of  fibre,  cell,  and 
£bril  are,  on  the  other  hand,  almost  unknown.  So  that  in  the 
escription  of  the  physiology  of  the  central  nervous  system  we 
can  as  yet  do  little  more  than  trace  the  paths  by  which  impulses 
may  pass  between  one  portion  of  the  system  and  another,  and 
from  the  anatomical  connections  deduce,  with  more  or  less 
probability,  the  nature  of  the  physiological  nexiLs  which  its 
parts  form  with  each  other  and  thtt  rest  of  the  body.  And  here 
it  may  be  well  to  remark  that,  altliough  for  convenience  of 
treatment  we  have  considered  the  general  properties  of  nerves 
in  a  separate  chapter,  there  is  not  only  no  fimdamcntal  distinc- 
tion between  the  central  nervous  system  and  the  outrunners 
which  connect  it  with  the  periphery,  but  obviously  a  central 
nervous  system  would  be  meaningless  and  useless  without 
afferent  nerves  to  carry  information  to  it  from  the  outside,  and 
efferent  nerves  along  which  its  commands  may  be  conducted  to 
the  peripheral  organs. 


I.  Structure  of  the  Central  Nervous  System. 

In  unravelling  the  complex  stnicture  of  the  central  nervous 
system,  we  avail  ourselves  of  information  derived  (i)  from  its 
gross  anatomy  :  {2)  from  its  microscopical  anatomy  ;  (j)  from 
its  development ;  (4)  from  what  we  may  call,  although  the  term 
is  open  to  the  criticism  of  cross-division,  its  physiological  and 
[>athological  anatomy. 
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Certain  tracts  of  white  or  grcv  matter  are  dificrcntiated  from 
each  other  by  the  size  of  their  fibres  or  cells.  For  example,  the 
postero-median  column  of  the  spinal  cord  has  small  fibres,  the  direct 
cerebellar  tract  large  fibres  ;  the  pyramidal  cells  in  what  we  shall 
afterwards  liavc  to  distinguish  as  the  '  leg  area  '  (p.  744)  of  the 
cerebral  cortex  are  large  ;  those  of  the  *  face  area  '  arc  comparatively 
small. 

The  study  of  development  enables  us  not  only  to  determine  the 
hoknologv.  the  morphological  rank,  of  the  various  parts  of  the  brain 
and  cord,  but  also,  by  comparison  of  animals  of  different  grades  of 
organization,  sometimes  to  decide  the  probable  function  and  physio- 
logical imjwrtance  of  a  strand  of  nerve-fibres  or  a  column  of  nerve- 
cells.  It  IS  of  s|X'cial  value  in  helping  us  to  differentiate  the  various 
areas  of  grey  matter  on  the  surface  of  the  brain,  and  to  trace  the 
various  tracts  <ir  ^Miths  into  which  the  white  matter  of  the  central 
nervous  system  may  be  divided.  For  the  medullary-  sheath  is  not 
develo|XHl  at  the  same  time  in  all  the  tracts,  and  a  strand  of  nerve- 
fibres  m  which  it  is  Wtinting — c.i,'..  the  pyramidal  tract  (p.  685), 
which  is  the  U^st  t>f  the  spinal  tracts  10  become  myelinated  —  is 
readily  distinguished  under  the  microscojw. 

Then,  again — and  this  is  what  we  propose  to  include  under  the 
fourth  head-  -exix^rimental  physiology  and  clinical  and  pathological 
observation  throw  light  not  only  on  the  functions,  but  also  on  the 
structure,  of  the  central  nerv».»us  system.  For  instance,  complete 
or  |\trtial  section,  or  destruction  by  disease,  of  the  white  fibres  of 
the  cord  or  brain,  or  of  the  nervo-riH»ts,  or  removal  of  portions  of 
the  grey  matter,  is  followed  by  dcgener*ition  in  definite  tracts. 
And  since,  as  wo  have  already  set*n.  dei;eneration  of  a  nerve-fibre 
is  causoil  when  it  is  cut  ott  from  the  cell  of  wliich  it  is  a  process, 
the  ami>unt  and  distribuvion  ot  such  dcijener.: t ion  teaches  us  the 
extent  .md  :\w;ism:  *>i  the  central  ci»T;:;ooti.»ns  .»!  the  given  tract. 
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deveinpment  (Fig.  264)  the  keel  of  the  vertebrate  embryo  is  laid 
down  as  a  groave  or  gutter  in  the  cpiblast  of  the  blastodermic  area 
(Chap,  XIV,).  Tlio  walls  o(  this  '  medullary  groove  '  grow  in- 
wards, and  at  length  there  is  formed,  by  their  coalescence,  the 
'  neural  canal  '  (Fig.  265),  wliich  cxoand!s  at  its  anterior  end  to  form 
four  cerebral  vesicles  (Fig.  266}.  I'hus  there  is  a  continuous  tunnel 
from  end  to  end  of  the  primary'  cerebro -spinal  axis  ;  and  this  per- 
sists as  the  central  canal  of  the  spinal  cord  and  the  ventricles  of  the 
brain,  whose  ciliated  cjiithelium  represents  the  cpiblastic  lining  of 

the    primitive    neural    canaK  

In  the  adult  portions  of  the 
canal  may  become  obliterated 
from  an  overgrowth  of  the 
lining  cells,  and  the  cilia  are. 
if  present  at  all,  less  distinct 
than  in  the  child,  and  far  less 
distinct  than  in  the  lower 
animals.  From  the  wall  ai 
this  canal  is  formed  the  cere- 
bro -  spinal  axis,  in  which 
developing  nerve  -  cells  or 
neuroblasts  sotjn  become  dif- 
ierenliatcd  from  the  support- 
ing cells  nr  spongioblasts,  and 
wander  outwards  from  the 
neighbourhood  of  the  central  canal  (Fig.  274)  till  their  further 
progress  is  checked  by  the  barrier  of  the  marginal  veil,  a  closely- 
woven  network  or  thicket,  into  which  the  processes  of  the  spongio- 
blasts break  up  at  the  outside  of  the  primitive  cerebro-spinal  axis. 
Although  the  neuroblasts  themselves  are  unable  to  penetrate  the 


*^^s:i^^^ — ^ 


Fi'i.  j'j^.— Formation  m  kii.  -\h  m\l 
Canal  at  as  Early  Stage  (after 
Bearp). 


marginal  veil,  the  axis-cylmder 
processes  of  some  of  them  do  so. 
and  form  the  motor  rtxits  of  the 
8i)inal  nerves.  The  neuroblasts 
from  wliich  the  tibres  of  the  white 
columns  of  the  cord  are  developed 
are  apparently  unable  to  send  their 
axons  through  the  marginal  vcib 
assume   a   longitudinal  direction. 


Fig.  165. — Neural  Cama  l  at  a 
Later  Stage  (after  6£  aro). 

They    arc   accordingly  forced   to 

and  in  this  way  the  central  grey  matter  becomes  c  overed  with  a 
sheath  of  longitudinal  white  fibres.  For  a  time  only  motor  nerve- 
cells  and  the  fibres  connected  with  them  iirc  developed  in  the  cerebro- 
spinal axis.  The  ganglia  on  the  posterior  roots  arise,  from  a  series 
of  epiblastic  thickenings  arranged  along  the  neural  canal,  but  outside 
its  wall.     From  both  poles  of  each  ganglion  cell  a  process  grows 

42 — 2 
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out,  one  towards  the  periphery,  which  forms  a  peripheral  ner\'e 
fibre,  the  other  centrally  to  connect  the  cell  with  the  cord.  From 
the  after-brain  is  developed  the  medulla  oblongata,  from  the  hind- 
brain  the  cerebellum  and  poixs,  from  the  mid-brain  the  corpora 
quadrigemina  and  crura  cerebri.  The  fore-brain,  or  primary  lore- 
brain,  gives  rise  of  itself  only  to  the  third  ventricle  and  optic  thal- 
amus, but  a  secondary  fore-brain  buds  off  from  it  and  soon  divides 
into  two  chambers,  from  the  roof  of  whicli  the  cerebral  hemispheres, 
and  from  the  floor  the  corpora  striata,  are  derived.  Their  cavities 
persist  as  the  lateral  ventricles,  which  communicate  with  the  third 
ventricle  by  the  foramen  of  Monro.  The  olfactory  tracts  are  formed 
as  buds  from  the  secondary  fore-brain. 

To  complete  the  stor\'  of  the  development  of  the  brain,  it  may 

be  added  that   the   retina  is 


really  an  expansion  of  its  ner- 
vous substance.  A  hollow 
process,  the  optic  vesicle,  buds 
out  on  each  side  from  the 
primary'  fore-brain.  A  button 
of  epiblast,  which  afterwards 
becomes  the  lens,  grows  against 
the  vesicle  and  indents  it  so 
that  it  becomes  cup-sliapod, 
the  inner  concave  surface  of 
the  cup  representing  the  retina 
proper,  the  outer  convex  sur- 
lace  the  choroidal  epitlielium. 
The  stalk  becomes  the  optic 
nerve. 

Histological  Elements  of  the 
Central  Nervous  System.  — 
The  central  ncr\^ous  system  is 
built  up  (i)  of  true  nervous 
elements,  [z)  of  supporting 
tissue.  The  nervous  elements 
liave  usually  been  descnbed 
as  consisting  of  ncrvc-fibrcs 
and  nerve-cells,  but  the  anti- 
thesis of  a  time-honoured  dis- 
tinction must  not  lead  us  to 
forget  that  the  essential  part 
of  a  nerve  -  fibre,  the  axis- 
cylinder,  is  a  process  of  a 
nerve-cell,  and  the  medullary 
sheath  probably  a  product  o! 
the  axis-<:ylindcr.*  In  strict- 
ness, the  term  '  nerve-cell  '  ought  to  include  not  only  the  cell-body, 
but  all  its  processes,  out  to  their  last  ramifications.  But  the  habit 
of  speaking  of  the  position  of  the  cell-body+  as  that  of  the  nerve- 
cell  IS  so  ingrained,  that  it  seems  better  to  continue  the  use  of  the 

•  The  nuclei  of  the  peripheral  fibres  belong  to  tlio  neurilemma  aad  not 
to  the  medullary  sheath,  and  while  the  medullary  sheath,  like  the  a:«is- 
cylincler,  is  as  regards  its  nutrition  under  the  control  ol  the  nerve-ceP. 
and  must  therefore  l>e  looked  upon  as  an  integral  portion  of  the  neuron, 
the  neurilemma  in  respect  both  of  its  nutrition  and  its  development 
appears  to  be  an  independent  structure. 

t  Foster  and  Sherrmgton  call  the  cell-body  the  pBfikaryon, 


I 


Fig.  a66,  — Diagrau  to  illustkate 
THi  Formation  of  trs  Cereukal 
Vesicles. 

A.  I  indicates  the  cavity  of  the 
seooudary  fore  •  br.nin,  which  eventually 
bocomn  the  lateral  ventricles-  In  B 
the  secondary  fore-brain  has  grown 
backwards  so  a«  to  overlap  the  other 
vesicles.  I.  first  cerebral  vesicle  (primary 
fore-brain  or  'tween  brain) :  II,  second 
cerebral  vesicle  (mid-hrain) ;  III.  third 
cerebral  vesicle  (hind*brain) ;  IV.  fourth 
cerebral  vr«icJe  (aftcr-brain). 
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latter  term  in  its  old  signiiication,  and  to  speak  of  the  cell  and 
branches  together  as  a  neuron. 

The  Neurons. — A  typical  nerve-cell  (Pigs.  267-276)  is  a  knot 
of  granular  protoplasm,  containing  a  large  nucleus,  inside  of  which 
lies  a  hipfhly  refractive  nucleolus.  A  centrosomc  and  attraction 
sphere  (p.  2)  have  also  been  found  in  some  nervc-ccUs,  though  not 
as  yet  demonstrated  in  all.  Pigment  may  also  be  present,  especially 
in  old  age.  By  certain  methods  of  staining  it  may  be  shown  that 
fibrils  run  tlirough  the  protoplasm  of  the  eel  l»  forming  a  reticulum  in  it, 
and  entering  the  dendrites  on  the  one  hand  and  the  axis-cyUnder  pro- 
cess on  the  other  (Figs.  268,  272).  In  the  ground  substance  between 
the  fibrils  lie  round,  angular,  or  spindle-shaped  bodies  (Nissl's 
bodies)  which  stain  with  l^sic  dyes  (Pig.  276).*  These  bodies  vary 
in  appearance  in  different  kinds  nf  nerve-cells,  and  in  the  same 
nerve-cell  under  different  conditions.  In  a  multipolar  cell,  like  those 
in  the  anterior  horn  of  the  spinal  cord,  several  processes — it  may  be 
five  or  six.  or  even  more— pass  off  from  the  cell-body  (Plate  I.).  The 
most  complete  pictures  of  them  are  given  by  prep;irations  im- 
pregnated according  to  the  method  of  Golgif  (Figs-  267,  270).  One 
of  the  processes  is  distinguished  from  the  rest  by  the  fact  that  it 
maintains  its  original  diameter  for  a  comparatively  great  distance 
from  the  cell,  and  gives  off  comparatively  few  branches.  This  pro- 
cess, which  in  favourable  preparations  can  be  traced  on  till  it 
becomes  the  axis-cylinder  of  a  nerve-fibre,  is  called  the  axis-cylinder 
process,  or  mnre  shortly  the  axon.  The  few  slender  branches  that 
come  off  from  it.  usually  at  right  angles,  are  called  collaterals.  Both 
the  main  thread  of  the  axon  and  the  collaterals  end  by  breaking  up 
into  an  arborescent  system  of  fibrils  or  telodendrion.  The  telodcn- 
drions  vary  greatly  in  apiwarance  from  simple  end-brushes  to  far- 
branching  thickets,  or  such  special  end-organs  as  motor  plates 
(Fig.  272)  or  muscular  spindles  (Fig.  383).  The  rest  of  the  processes 
of  the  cell,  which  arc  termed  dendrites  or  protoplasmic  processes, 
very  rapidly  diminish  in  diameter,  as  they  pass  away  from  the 
ccU^  by  breaking  up  into  fibrils  like  the  branches  of  a  tree.  The 
Nissl  bodies  extend  for  some  distance  into  the  dendrites,  but  not 
into  the  axon.  The  dendrites  of  some  cells,  especially  the  pyra- 
midal cells  of  the  cerebral,  and  the  Purkinje's  celts  of  the  cerebellar 
cortex,  have  small  swellings,  the  so-called  lateral  buds  or  gemmuieSt 
on  their  course.  Their  significance  is  unknown.  The  dendrites 
terminate  at  a  little  distance  from  the  cell,  where  they  come  into 
relation  with  the  end-brushes  of  the  axons  of  other  neurons.  In  this 
way  two  or  more  neurons  are  hnked  together  to  form  a  ner\'ous 

eath.  The  relation  is  not  one  of  actual  anatomical  continuity, 
ut  the  processes  come  so  close  together  that  nerve  impulses  are 
able  to  pass  across  from  the  terminal  brush  of  the  axon  of  one 
nervous  clement  to  the  dendrites  or  cell-body  of  another.  Foster 
and  Sherrington  call  the  connection  a  synapsis. 

It  has  been  suggested  that  the  contact  may  be  rendered  more  or 
less  close  through  amoeboid  movements  of  the  dendrites,  and  that 
in  this  way  the  nervous  impulse  may   be  switched  like  a  railway- 

•  In  Nissl's  method  the  sections  are  stained  in  a  solution  of  methylene 
bine,  anri  decolourized  in  anilin-alcohnl. 

t  The  method  depends  upon  the  deposition  of  mercury,  or  silver,  in  or 
around  the  cell-bodies  and  their  processes  in  ti^ues  which  liave  been 
hardened  in  bichromate  of  potassium  and  then  soaked  in  a  solution  of 
mercuric  chloride  or  silver  nitrate.  In  Pal's  improvement  of  Gol^i's 
method  a  solution  oi  sodic  sulphide  follows  the  mercuric  chloride. 
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Fio.  167.— MvLTiPOLAR  Nkrvx-cxu.:  Goloi*8  Pupakatiom  (Bakksb. 

KdUJKBR). 

n,  axon  :  c  coUaterah. 


V«P 


Fio.  Ji*^- — NrnvEMTCLis  or  HiRvro  iSohafer.  after  AfatvK 
A.  ur.i:x»ljtt  m»>U>r  c*!! :  j.  r.<-:»\^k  of  neurv^-sbrib  s^ar  the  surfm  d  tbe 
ceU  :  \  near  thruwleus  ••  .-.  aa^rvr.: ;  J.^Strenz  r.^uro-r.VrJ.  B,  bi{x-4ar  snacrr 
wU  *  with  It*  inhk-u*  ••  .  .'■t*  cut:ok  :  ef,  c;':deTr-.:s  v**l!f  Nrtwwn  whk-li  a  netvo* 
fibnl  (>*<«*  uv  frv«n  «*  bracched  rr.dirj;  r.rir  the  svriiv-r  of  th*  »kia  to  tfar 
n«vif-*-Wl.  whrrr  ;t  f^rrw  a  Q«:«rork.  which  fivip*  o5  -i  r>rU  p,»S£r^  towtt^  lb* 
caBtral  mc^-vhu  «>^tna. 
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train  from  one  path  to  another.     But  tliere  is  at  present  scarcely 

any  experimental  basis  for  this  fascinating  hypothesis.  Wliatever 
the  nature  of  U«*  relation  between  two  superjwsed  neurons  may 
be.  it  does  not  ]>erniit  the  conduction  of  ner\'c-impulsc3  indiscrimin- 
ately in  b«^th  directions.  For  instance,  stimulation  of  the  central 
end  of  the  posterior  root  of  a  spinal  nerve  causes  an  electrical  re- 
sponse (p.  632)  in  the  anterior  root  r)f  tlie  same  segment,  wlulc  no  elec- 
trical change  is  produced  in  the  ix)sterior  root  by  stimulation  of  the 
anterior.  \Vo  shall  see  later 
on  (p.  6^1 )  that  some  of  the 
fibres  of  the  (josterior  root 
and  their  collaterals  end  by 
arborizin>5  around  the  den- 
drites of  the  cells  of  the 
anterior  horn.  The  excita- 
tion is.  therefore,  able  to 
pass  from  the  tclodcndrions 
of  the  ]Josterinr  root  fibres 
through  the  dendrites  ol  the 
anterior  horn  cells  towards 
their  cell-bothcs,  but  not  in 
the  op|X)site  direction,  and 
in  general  the  direction  of 
conduction  is  from  the  den- 
drites towards  the  cell-body. 

Some  investigators  believe 
thatthe  fibrilsalreadyspokcn 
of  as  forming  a  network  in 
the  protoplasm  of  the  nerve- 
cell  may  run  right  thrtnigh 
from  one  ceil  to  another, 
thus  forming  an  actual  ana- 
tomical connection  between 
the  neurons,  and  that  such 
a  connection  may  be  estab- 
lished also  by  fibrils  which 
do  not  enter  the  cells  at  all, 
but  run  in  the  intercellular 
substance  ol  the  grey  matter. 
Thc\  It'ok  upon  the  cell-body 
as  merely  necessary  for  the 
nutrition  of  the  nerve-net, 
but  deny  that  it  is  necessar)^* 
for  the  conduction  of  nerve- 
impulses.  If  this  is  thii  casi*.  it  is  obvious  that  the  neurons  can  no 
longer  be  considered  as  functional  units  in  which  the  law  of  isolated 
conduction  of  nerve-impulses  (p.  603)  holds  good.  But  the  best 
evidence  is  against  the  existence  of  such  an  arrangement  in  the  higher 
animals,  althi nigh  it  seems  to  have  been  observe<i  in  anneUds(Fig.  268). 

Varieties  of  Neurons. — Nearly  all  the  nerve-cells  of  the  cerebro- 
spinal axis  agree  with  the  cells  of  the  anterior  horn  in  the  possession 
of  an  axon  and  one  or  more  dendrites,  although  sometimes  the 
dendrites  are  scanty  in  number  and  insignificant  in  size.  In  the 
cerebral  cortex  the  typical  cells  are  of  pyramidal  shape.  From  the 
base  comes  off  the  axon,  and  from  the  angles  dendritic  processes, 
a  particularly  massive  dendrite  proceeding  from  the  apex  of  the 
pyramid  towards  the  surface  of  the  brain. 


Fig.    26<).  —  Large    Vvrahioal    Cell    or 
Cbrebkal  Cortex  (Bakker,  after  Dkch* 

TBRlfW). 

a,  axon  ;  b,  dendrite. 
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Sometimes  an  aacon*  inrtfiod  of  ending  in  an  aiboriiatian 
comes  into  relation  with  the  dendrites  m  another  ncrve-cdL 


Ftc.  sTo. 
• — €  ihows  the  derdopaieat  of  the  pTruaidal  nerve-cdb  of  the 
Ib  e  typicel  maimnal :  m,  neotoUaet  with  ooauneiicing  uon  s  h, 
pearinc ;  d,  oommeDdng  ooUeterab.  A — D  abowt  the  diflercat  ilifiu  of  eoB- 
l4ezity  in  the  faSkj-dewlopcd  pyramidal  opUs  in  different  vcttdrates :  A»  frof  ; 
B.  lizard  ;  C,  rat ;  D.  man  (Donaldson,  after  Ramon  y  Cajal). 

is  more  frequently  the  case,  with  the  dendrites  of  more  than  one 
cell,  breaks  up  into  a  sort  of  basket-work  of  fibrils  surroimding  the 
cell-body.      The  cells  of  Purkinje,  for  instance,  in  the  cerebellnm 


bipctar  ceUs  are  seen  changing  into  c*ll*  ai^parosiiy  'j-:pyar.     The  same 
in  the  cdb  of  the  sptaal  ganglia  Van  i.rfiiuchter-  . 


-"nmonded  by  such  periccUulAt  Kiskors    Kic.  -."jt*.     The  cells 
^al  gangUa  ha\*e  tiAxy  axons,  which  :n  the  embryo  arise 
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one  from  each  end  of 
the  biix^lar  cell,  but  in 
the  adult,  in  all  verte- 
brates except  some 
fishes,  are  connected  to 
the  cell  by  a  single 
process  ( Fig.^  27 1 ),  The 
great  majority  of  them 
have  no  dendrites, 
unless,  as  some  have 
supposed,  the  peripheral 
process  really  represents 
a  dendrite.  Another 
kind  of  cell  which  seems 
undoubtedly  to  be  of 
nervous  niiturc  is  the 
'granule-cetl.'  Granule- 
cells  .are  much  smaller 
than  the  nerve-cells  we 
have  been  describing. 
Their  processes  are 
much  less  easily  fol- 
lowed, but  all  appear 
to  pve  ofif  an  axon  and 
several  dendrites.  They 
contain  a  relatively 
large  nucleus  (5  to  8  /* 
in  diameter),  with  only 
a  mere  fringe  of  cell- 
substance.  The  nucleus, 
unlike  that  ol  a  large 
ncrvc-cell,  stains  deeply 
with  haematoxylin. 
Some  parts  of  the  grey 
matter  are  crowded  with 
these  granule  -  cells  — 
^.g.,  the  nuclear  layer  of 
the  cerebellum  and  the 
substantia  gelatinosa,  or 
substance  of  Rolando. 
which  caps  the  jxjstcrior 
horn  in  the  cord.  In 
other  parts  they  are 
more  thinly  scattered, 
but  probably  they  are 
as  widely  diffused  as  the 
large  nerve-cells  proper, 
and  no  extensive  area 
of  the  grey  matter  is 
whoQy  without  thera. 

Although  there  are 
several  varieties  of  gran- 
ules i  Hill),  they  all  agree 
in  this,  that  their  axons 
run  a  comparatively 
short  course,  and  never. 
or  rarely,  pass  beyond 


Fig.   373. — ScHEMB  or  Lowbr  Motor  Neuron 
(Barker). 

a,  h,  axoD-billock  (the  portion  of  thr  crll  from 
which  the  axon  comrs  off),  coataioini;  no  Nisftl 
l)odie9,  and  showing  fibrillaiioa  :  d«,  axis-cylindcr 
oc  axon  ;  m,  medullary  shratb,  outiudp  of  which 
a  the  neurilemiiu  :  c.  cell'subatance  fcy-toplasm), 
showing  Nissl  bodies  in  a  lighter  Kr<jund  sutKtancc  1 
tf,  protoplasmic  pr(Kcs»c*  or  drndrittrs  containing 
Nisal  bodies  :  n,  nucleus  :  n',  nucleolus :  n,  Rt 
node  of  Ranvier  ;  i,  /,  side  fibril  :  n  of  n.  nucleus 
of  the  neurilemiiui ;  Ut..  motor  end  plate ;  m'» 
striped  musde-fibre  :  f.  L,  incisure. 
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the  ^rvy  nutter.  Another  kiad  of  nearat  windl  ia  also  rrMfmrn  to 
the  grey  matts.  and  is  typically  seen  in  ^e  <3avtex  of  the  cwrimim 
and  cenhtBum,  fresents  the  pecafianty  of  an  axon  wtocb  bcancfaes 
into  aa  tntncate  network  unmediatctv  after  ■^"■"""ig  ofi  from  the 
ccO  fcdl  ol  Goigi's  second  type>.  Volike  the  loo^  axon  of  the  typical 
Urgt  nerve-oeU,  the  axis-cyhnder  process  of  this  Go^gi  ocA  icaMini 


syiiMthrtic  c 
ccnfi(o-4paial 
alUKNiKb  a  fiew  of 


gMM^tOKi  oeBi^  nhiili  are  developed  ffion  iimna* 

»if:iate,  in  the  cxmse  of  dendopment,  from 

and  gathering  in  ^*«f*j^  iora  the  ganglia  of  the 

(&mU  a^rec  in  general  with  theodb  of  the 
in  poaBeBBBg  an  asm  and  one  or  more  dendrites, 
hem  are  devoid  of  dendrites. 


The  mtbdmm  fimng  the  central  canal  of  the  cord  and  the  ven- 
tricka  of  the  brain  has  also  been  ooosidered  h\  son>c  as  of  nerroos 

natnre ;  the  fact  that  the  deep  ends  of 
the  cells  are  continued  into  processes 
which  pierce  fax  into  the  grey  substance 
has  been  snppoaed  to  IomI'  weight  to 
this  optmosi. '  but  there  is  no  good 
f^ound  ^  it. 

Growtii  of  HearoQs. — The  growth  of  a 
neuron  is  a  cocQparati\-eh-  slow  process. 
Early  in  foetal  life  (abont  the  third  or 
foortfa  week  in  man)  certain  round 
germinal  cells  make  their  appenrance 
amid  the  cohunnar  epiblastic  oeUs 
sofTotmdiny  the  neoral  canaL  Fram 
their  divisKm  are  fonncd,  in  the  first 
months  of  embryonic  life,  the  primitive 
ner\x-ccUs  or  neoroblasts.  These  soon 
elongate  and  posh  ont  processes,  first 
the  axon  or  axons,  and  then  the 
dendrites  (Fig.  270).  .\s  de%'elopment 
goes  on,  the  cell-body  grows  larger,  and 
the  processes  longer  and  more  richly 
branched.  The  axon  and  its  collaterals, 
when  it  has  anv,  in  the  case  of  the 
great  majorit\-  of  the  nervous  elements 
of  thebraun  and  cord,  ultimatelv  acquire 
a  medollary  sheath,  although,  as  we 
hax-e  said,  the  time  at  which  medulla- 
rion  is  completed  varies  in  different 
groups  of  elements,  and  in  some  nervous 
tracU  it  is  e%-en  wanting  at  birth.  At  birth,  too,  the  branches  of 
many  of  the  cells  are  less  numerous,  and  the  connections  between 
difierent  nervous  elements  therefore  less  intimate  than  thev  will 
afterwards  become.  For  many  years  the  processes,  and  particu- 
larfy  the  axons,  continue  not'onh*  to  grow  longer,  but  also  to 
grow  thicker.  The  ccU-body  also '  enlarges,  and  the  quantity  of 
material  in  it  that  stains  with  basic  dyes  increases.  In  the 
Rowing  (Inrobar)  spinal  ganglia  of  the  white  rat  the  increase 
in  volume  of  the  largest  ccU-bodies  is  very  closeh*  correlated  with 
the  increase  in  area  of  tlie  cross-section  of  the  ncr\e-fibres  grow- 
ing out  of  them.  The  cross-section  of  the  axis-cvlinder  is.  and 
■■  ""  *'ns,  almost  exactly  equal  to  Uie  artH  of  the  medullary  sheath 


Pio.  arv — Prwmruuui  Bas- 
Krrs  (ScB Arau  Arm  Ca j  At ). 

Two  crils  of  Puririnje  frccn 
tte  oocbeQum  are  wen  sitr* 
Ipuaded  by  ead  ramificatioos 
*~**^-C  a  basket-WGvIc  b,  de- 
lived  froia  the  branchtag  of 
aiflns  of  raiaO  nerve-cefls  in 
the  molecular  Ujrer  ;  «,  axoou 
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{Donaldson).  Even  after  puberty  is  reached  tlie  anatomical 
or^anizatinn  of  the  nervous  system  may  still  continue  to  advance. 
although  at  an  ever-slackeniny  rate,  and  the  finishing  touches 
may  only  be  ^ivcn  to  its  architecture  in  adult  life.  In  old  age 
the  nervous  elements  decay  as  the  body  does.  The  cell-body 
diminishes  in  size ;  the  stainabic  material  lessens  in  amount  ; 
vacuoles  form  in  the  protoplasm  and  pi^nncnt  accumulates ;  the 
nucleus  shrinks  ;  the  nucleolus  is  obscured  or  may  disappciir  alto- 
gether. At  the  sanu-  time  the  processes  of  the  cell,  and  esjxscially 
the  dendrites,  tend  to  atrophy  (Fig.  275). 

Nutrition  of  the  Neuron. — We  have  already  seen  that  when  an 
axon  is  cut  uii  from  its  cell-body,  it  and  its  medullar}*  sheath,  when 


Fig.  3 74*  —  Section 
tbboucm  half  op 
Nevral   Ti.'BE    (Bar- 

KEM,    APTFR    HiS). 

The  pear-shaped  neuro- 
blasts are  seen  migrating 
outwards.  The  axons  of 
some  of  thcin  are  seen 
pushing  tbcii-  way  out 
throu«:b  the  marginal  veil 
aft  the  anterior  root  of  i\ 
spinal  ner\'r. 


Fio.  475. 

1,  spinal  fpngllon  cells  of  a  stlU-bom  male  child  : 

2,  of  a  man  ninety-two  yean  old  {  x  230) — N.  nuclei ; 

3.  Der\'e-ceUs  from  the  antennary  ganglion  of  a 
honey-bee  just  ciucrKfd  in  the  perfect  form  ;  4.  of 
an  old  honey -bee.  The  nucleus  is  blark  in  the 
figure.  In  3  it  is  very  large,  in  4  it  is  shninkeD, 
and  the  ceH-9nl>s!ance  contains  varuolcs  (Hodge). 


it  possesses  one.  undergo  a  rapid  degeneration.  It  was  long  sup- 
posed that  no  change  took  place  in  the  nerve-cell.  The  re?^earches 
of  recent  years  have  shown  tliat  not  only  does  loss  of  the  specific 
function  and  trophic  influence  of  the  cell-body  affect  the  nutrition 
of  the  axon,  but  loss  of  function  of  the  axon  reiicts  on  the  cell- 
body.  In  many  cases  at  least,  when  a  ner\'c-fibre  is  divided  from 
its  cell  characteristic  changes  are  produced  in  the  latter  and  in 
its  dendritic  processes,  and  they  are  scarcely  less  rapid,  although 
tisually  less  profound,  and  far  more  transient  than  the  degeneration 
in  the  peripheral  jxtrtion  of  the  nervc-ftbre.  Many  of  the  Nissl 
bodies  (Fig.  276)  arc  reduced  to  a  finely  granular  condition  (chroma- 


^m 


A  MANUAL  OF  PHYSIOLOGY 


tolyw).  Many  of  tfaem  disappear  attogetiier.  The  iradeoi  nay 
be  dJigJarrd  to  one  aide  of  me  cdL  m  rabbits  after  divuiaa  oif 
the  facial  nerve  the  alteratiaos  in  its  nndeos  ol  origla  have 
fbond  to  reach  a  ma-rimnin  in  about  three  wodOt  aner  irinch 
is  a  tendency  to  recovery  on  the  part  of  the  majority  of  the  ocUi^ 
even  when  n^eneration  of  the  nerve  has  been  prevented  by 
ont  a  portion  of  it.  Scnne  of  the  odis  may  complete  atroplij 
disappear.  SuooiUr  changes  have  been  loond  by  Warrin^^tan  m  tte 
motor  cdls  of  the  anterior  horn  after  sectkm  of  UMt  yuatenor  (donal) 
Wfmal  roots.  Since  in  this  case  no  anatomical  mjnxy  has  * 
inflicted  on  the  motor  nenrons.  it  has  been  sarmised  that  the 
of  the  attcratiaiis  is  the  loas  of  impulses  which  normally  reach 
along  their  dendrites.  In  short,  we  may  say  with  Marimeaoo^  t3iat 
the  functional  and  anatomical  integrity  of  the  nennm 


Fig.  276. — Cells  rnoii  the  Nuclei  of  the  Oculo-motok  Nervxs  or  rax  Cat 
Thirteen  Days  after  Dimsion  of  the  Root-fibres  on  one  Side  ;  NissL*s 
Stain  (Barker,  after  Flatau). 

a,  normal  cell  from  side  od  which  the  roots  were  not  cut :  b,  ceD  from  side 
operated  upon.  Only  a  few  Nissl  bodies  are  present  in  b,  and  the  nudens  k 
displaced  to  one  side  of  Che  cell. 

the  integrity'  of  all  its  constituent  parts,  and  of  the  neuions  which 
carry  to  it  functional  excitations — i.e.,  excitations  connected  with 
its  proper  ph>-siological  work.  The  neuron,  in  fact,  lives  by  its 
function,  or,  in  common  language,  by  doing  its  work.  Yet  the 
anatomical  tokens  of  mere  disuse,  as  in  the  motor  cells  of  the 
anterior  horn  after  division  of  the  cord  at  a  higher  level,  are  leas 
distinct  than  those  which  follow  section  of  the  axon.  Therefore 
it  must  be  concluded  that  the  latter,  although  not  indispensable 
for  the  nutrition  of  the  cell  as  the  cell  is  for  the  axon,  exerts  an 
influence  upon  it. 

Chromatolysis  may  also  be  produced  in  nerve-cells  in  extensive 
superficial  bums,  in  tetanus  caused  bv  the  infection  of  bacterial 
cultures,  in  acute  alcoholic  poisoning,  in  fatigue,  and  in  other 
ways.  According  to  Wright,  the  inhalatum  of  ether  or  chloro- 
form ^in  dogs)  so  alters  the  chromatic  substance,  that  it  loses  its 
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affinity  for  aniline  dyes.  In  long-continued  anaesthesia  the  nucleus 
is  also  affected,  while  the  nucleolus  is  the  last  part  of  the  cell  to 
suffer.  A  greater  alteration  occurs  in  the  cells  in  the  three  hours 
between  the  sixth  ami  ninth  hours  of  an^-csthesia  tl»an  in  the  five 
hours  between  the  first  and  sixth.  Although  the  changes  are 
transitory,  the  cells,  after  a  narcosis  of  nine  hours,  being  prac- 
tically normal  in  forty-eight  hours,  they  indiciite  that  the  duration 
of  safe  surgical  anesthesia  has  a  limit  measured  by  hours. 

In  several  kinds  of  intoxication — for  example,  clxronic  alcoholism 
— Berkley  observed,  in  preparations  impregnated  with  silver  nitrate 
according  to  the  method  of  Golgi,  that  the  earliest  clianges  were 
the  disappearance  of  the  gemmules  of  the  dendrites.  It  is  prob- 
able that  neither  the  c  h  tomato  I  j'sis  nor  the  loss  of  the  gemmules 
should  be  looked  upon  as  the  token  of  anv  sjiecific  lesion  ;  they 
are  simply  signs  that  the  normal  action  of  the  neuron  has  been 
deranged. 

Grey  and  White  Matter.  Nervc*cclls  arc  the  most  distinctive 
histological  feature  of  the  grey  nervous  substance.  Sown  thickly 
in  the  cerebral  cortex,  the  ba^l  ganglia,  the  floor  of  the  fourth 
ventricle,  and  the  cervical  and  lumbar  enlargements  of  the  cord, 
they  are  scattered  more  sparingly  wherever  the  grey  matter  extends. 
They  also  occur  in  the  spinal  ganglia  and  their  cerebral  homologues 
(such  as  the  Oasscrian  ganglion),  in  the  pangUa  of  the  sympathetic 
system,  and  the  sporadic  ganglia  in  general.  But  wide  as  is  their 
distribution,  and  ffreat  as  is  the  size  of  the  individual  cells,  some  of 
which  liave  a  diameter  of  140  /i,  or  even  more,  they  yet  make  up 
but  a  small  portion  of  the  whole  of  the  central  nervous  substance, 
the  total  weight  of  the  9,000  millions  of  nerve-cell  bodies  in  the 
human  brain  being  less  than  37  grammes  (Donaldson).  And 
although  it  is  not  to  be  wondered  at  that  objects  so  notable  when 
viewed  under  the  microscope  should  have  struck  the  imagination  of 
phv'siologists^  it  is  probable  that  the  very  high  powers  which  it  is 
so  common  to  attribute  exclusively  to  them  arc,  in  part  at  least, 
sliared  with  the  network  formed  by  their  processes. 

The  grey  matter,  in  addition  to  this  exceedingly  delicate  netut>rk 
of  nou-meduUatcd  fibres  and  filaments  representing  the  dendrites 
and  such  axons  and  collaterals  as  terminate  within  itself,  contains 
also,  as  may  be  seen  in  preparations  stained  by  Wcigert's  method.* 
great  numoers  of  exceedingly  fine  meduUated  fibres,  many  of 
which  are  the  collaterals  of  fibres  that  are  passing  out  to  the  white 
matter. 

Only  mcduUatcd  nerve-fibres  are  met  uith  in  the  white  matter  of 
the  cere bro -spinal  axis.  They  arc  devoid  of  a  neurilemma.  In 
diameter  they  vary  from  2  /<  to  20  ^.  In  Maiapterurus  eiecttuus 
the  fibre  in  the  cord  which  supplies  the  electrical  organ  is  of  immense 
size  ;  and  in  the  anterior  column  of  many  fishes  may  also  be  seen 
a  single  gigantic  fibre  on  each  side  with  a  diameter  01  nearly  lot*  /i. 
It  cannot  tie  said  that  any  relation  between  the  functions  of  neurons 
and  the  calibre  of  their  axons  has  been  definitely  established.  Many 
afferent  fibres,  it  is  true,  are  small — this  is  notably  the  case  with 
the  fibres  of  the  posterior  column,  and  many  motor  fibres  arc  large. 
But  the  distinction  can  by  no  means  be  gcnerahzed,  for  the  fibres 
of  the  direct  cerebellar  tract  (p.  676),  which  certainly  are  afferent, 
are  amongst  the  largest  in  the  spinal  cord  :  and  the  vaso-motor 

*  Weigert's  is  a  special  method  of  staining  the  medullary  sheath  with 
lurmatoxylin. 
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fibres,  which  pass  from  the  cord  by  the  anterior  (ventral)  xx»ot5 
{Fig.  2JJ)  into  the  sympathetic,  are  smaller  than  the  fibres  of  the 
posterior  column,  fiven  tlie  motor  nerve-fibres  of  striated  muscles 
vary  considerably  in  diameter,  those  of  the  tongue,  r,?,,  being 
smaller  tlian  those  of  the  muscles  of  the  limbs.  Further,  the  mcdul- 
latc^  fibres  of  the  brain  are.  without  reference  to  function,  in  general 
fini'r  than  the  fibres  of  the  cord.  As  a  rule  the  fibres  whose  course 
is  the  longest  are  the  thickest,  but  the  rule  is  often  broken.  For 
example,  the  average  diameter  of  the  fibres  going  to  the  thigh  of  the 
frog  is  greater  than  that  of  the  fibres  going  to  the  lower  part  of  the 
hmb  (Dunn).  The  cause  of  these  diflerences  in  the  size  of  nerve- 
fibres  is  quite  unknown-  It  is  more  Ukely  to  be  morphological  than 
phvsiiilogical. 

Supporting  Tissue. — The  protective  membranes  of  the  central 
ner^'DUS  system  consist  of  ordiiiarv  connecti\c  tissue  derived  from 
the  mcsoblast.    The  supporting  framework  which  interpenetrates  the 

nervous  substance  consists  of  a  peculiar 
form  of  tissue  derived  from  the  epiblast, 
and  called  neuroglia.  The  whole  cerebro- 
spinal axis  is  wrapped  in  four  concentric 
sheaths.  Next  the  walls  of  the  twny 
hollow  in  which  it  lies  is  the  dura  mater. 
Next  the  nervous  substance  itself,  follow- 
ing the  convolutions  of  the  brain  and  the 
fissures  of  the  cord,  and  giving  off  blof»d- 
vcsscls  to  both,  is  the  pia  mater.  Between 
the  dvira  and  the  pia,  separated  from  the 
latter  by  a  jacket  of  cerebrospinal  fluid, 
is  the  double  layer  of  the  arachnoid. 
The  comparatively  coarse  septa  that  run 
into  the  nervous  substance  as  if  coming 
off  from  the  pia  mater  are  the  main 
beams  in  the  scaffolding  of  non-nervous 
material  with  which  that  substance  is 
intcr\^'oven.  and  by  which  it  is  supported. 
The  interstices  are  filled  in  by  a  thick-set 
leltwork  of  interlacing  but  unbranched 
neurngUa  fibres,  which  Ue  close  against 
the  small  };lia  cells,  but  in  the  adult  at 
least  are  jx^rfectly  distinct  from  them. 
In  prejiarations  impregnated  tjy  the 
Golgi  method  the  fibres  a]>pear  to  be  processes  running  out  from 
the  attenuated  ccU-lwdy  Idee  the  arms  of  a  microscopic  crab 
or  spider.  Hut  this  is  a  deceptive  appearance,  as  Weigcrt  lias 
shown  by  means  of  a  special  methoo.  in  which  the  neuroglia 
fibres  are  alone  stained.  It  is  possible,  however,  tluit  in  the  embryo 
the  fibres  arc  formed  bv  the  cells,  and  aftcrw;irds  become  detached 
from  them.  The  gha  fibres  are  ]>erfcctly  distinct  from  the  nervous 
substance  proirer,  but  they  arc  not  ordinary  connective  tissue. 
Indeed,  it  would  appear  that  no  connective  tissue  of  mesoblastic 
origm  exists  wthin  the  nervous  substance  ;  even  the  coarse  septa, 
and  j>articularly  the  one  which  constitutes  the  so-called  jxjsterior 
fissure,  seem  to  consist  of  neuroglia,  and  not  to  be  processes  of  nia 
mater.  In  the  white  tUiitter  nrarlv  every  medull.itcd  nerve-fibre 
is  divided  from  its  nciglib<*nrs  by  glia  fibres,  which  form  a  wide- 
roeslu-d  network.     The  uctwxirk  is  denser  in  most  piuts  of  the  grey 


Fig.  277-  —  i'  II  A  N  s  V  I.  Rs  £ 
Section  or  a  Busdie  of 
NcKve-riBiies  fkom  the 
ANTERinit  (Vestrai.)  Root 
or  TRC  First  Coccyokal 
Nkrvc  or  THi  Cat  (Dale). 

The  great  diffrtrenc*  in  the 
diameter  of  the  fibres  is  well 
sbovm.  The  small  fibre*  are 
vaso-motor. 
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substance,  though  not  in  all.  The  neurogl^  is  present  in  greatest 
abundance  in  the  grey  matter  immecjiatcly  surrouiidinfj  the  central 
canal  oi  the  cord  and  the  ventriclea  of  the  brain  (the  ependxTna,  as 
it  is  called).  Contran,^  to  the  common  opinion,  the  substance  of 
Rolando  is  |>oor  in  ncurngha  (Wei^crt). 


L 


General  Arrangement  of  the  White  and  Grey  Matter  in 
the  Central  Nervous  System. — (i)  Around  the  central  canal,  as 
we  have  seen,  a  tube  of  grey  matter  sheathed  with  white  fibres  is 
developed.  This  tube,  from  optic  thalamus  to  conus  medullaris 
may  be  conveniently  referred  to  as  the  unif(U  gr^y  axis  or  stem, 
which,  in  the  lowest  vertebrates — e.g.,  fishes — is  much  the  most 
important  part  of 
the  central  ner- 
vous system. 

(2)  On  the  outer 
surface  of  tht- 
anterior  jwrtion 
of  themniral  axis, 
but  not  in  the 
part  correspond- 
ing to  the  spina! 
cord,  is  laid  down 
a  secoiw!  sheet  or 
mantle  uf  fortu-ui 
grey  matter.  Be- 
tween this  and  thf 
primitive  grey 
stem  are  inter- 
posed {a)  the 
sheath  of  white 
fibres  that  clothes 
the  latter,  and 
connects  its 
various  parts,  and 
(6)  a  new  development  of  white  matter  (corona  radiata,  cerebellar 
peduncles),  which  ser\'es  to  bring  the  cortex  into  relation  with 
the  primitive  axis,  and  throuj^h  it  with  the  rest  of  the  IxKly. 

Although  there  are  histological  and  developmental  differences 
between  the  cerebral  and  the  cerebellar  cortex,  we  may,  for 
some  purposes,  classify  them  together  as  corikal  /ormaiions. 
And  we  may  also  include  under  this  head  the  rorix>ra  striata, 
which,  although  generally  grouped  with  the  optic  thalami  and 
the  other  clumps  of  grey  matter  at  the  base  of  the  brain,  as  the 
basal  ganglia,  are  to  be  regarded  as  cortical  m  character.  As 
we  mount  in  the  vertebrate  scale  the  cortex  formation  of  the 
secondary  fore-brain  and  hind-brain  acquires  prominence. 
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(wo  fr'im  the  white  sutntaiice. 
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In  other  words,  the  grey  matter  developed  in  the  roof  of  the 
cerebral  vesicles  I.  and  Til.  (Fig.  266)  (the  gjey  n\atter  of  the  cerebral 
and  cerebellar  cortex)  comes  to  overshadow  the  superficial  %vey 
matter  hitherto  present  only  in  the  roof  of  vesicle  11.  (in  the  corpora 
bigemina).  Ana  this  cortex  formation  becomes  larger  in  amount, 
and.  in  the  case  of  the  cerebral  grey  matter,  more  richly  convo- 
luted, the  higher  we  ascend,  until  it  reaches  its  culmination  in  man. 
As  the  anterior  cerebral  vesicles  develop,  they  spread  continually 
backward,  until  at  length  the  cerebral  hemispheres  cover  over, 
and  almost  completely  surround,  the  primary  fore-brain  and  the 
mid-  and  hind-brains,  so  that  the  antcnor  portion  of  the  primitive 
stem  comes,  as  it  were,  to  be  invaginated  into  the  second  wider 
tube  of  cortical  grey  matter.  This  development  of  the  cortical 
grc>'  substance  is  accompanied  with  a  corresponding  development 
of  nerve-fibres,  for  an  isolated  nerve-cell  is  no  more  conceivable  than 
a  railway-station  the  track  from  which  leads  nowhere  in  particular, 
or  a  harbour  on  the  top  of  a  lull. 

But  it  is  to  be  particularly  observed  that  the  new  formation 
does  not  supplant  the  old,  but  works  through  and  directs  it.  The 
neurobla.sts  of  the  cortex  do  not  throw  out  their  axons  to  make 
direct  junction  with  muscles  and  sensor\'  surfaces.  Such  junction 
the  cortex  finds  already  established  between  the  primitive  cerebro- 
spinal axis  and  the  periphery.  It  joins  itself  on  by  nerve-fibres 
to  the  cells  of  the  central  stem  ;  and  we  Itave  reason  to  believe  tliat 
no  single  axon  in  an  ordinary  spinal  or  cranial  nerve*  runs  all 
the  way  from  the  periphery  to  the  cortex,  and  no  axon  of  a  cortical 
nervc-ccU  all  the  way  from  the  cortex  to  the  periphery,  but  that 
the  connection  is  made  by  a  chain  of  at  least  two  neurons,  the  cell- 
body  of  one  of  which  is  situate  in  this  primitive  grey  tube. 

The  fibres  from  the  cortex  of  each  cerebral  hemisphere  (corona 
radiata).  radiating  out  Ukc  a  fan  below  the  grey  matter,  arc  gathered 
together  into  a  compact  leash  as  they  sweep  down  through  the 
isthmus  of  the  brain  in  the  internal  ca]>sule,  to  join  the  crura  cerebri. 
The  cortex  of  each  cerebellar  hembphere,  and  the  ribbed  pouch 
of  gre>'  matter,  known  as  the  corpus  dentatum,  which  is  buned  in 
its  white  core,  arc  also  connected  by  strands  of  fibres  with  the 
centra]  stem  and  the  cerebral  mantle.  The  rest  i  form  body  or 
inferior  j>eduncle  brings  the  cerebellum  into  communication  with  the 
spinal  cord.  The  superior  peduncle  by  one  path,  and  the  middle 
jiduncle  by  another,  connect  it  -with  the  cerebral  cortex.  A  great 
transverse  commissure,  the  corpus  callosum,  unites  the  cerebral 
hemispheres  across  the  middle  hnc,  while  transverse  fibres  that 
break  through  the  middle  lobe  or  \^-orm,  form  a  similar  though 
far  less  massive  junction  between  the  two  hemispheres  of  the 
cerebellum. 
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The  fibres  of  the  nervous  system  may  be  divided  into  (i)  fibres 
connecting  the  peripheral  organs  with  ncr\'e-cells  in  the  central 
grey  axis  ;  (2)  fibres  connecting  nerve-cells  in  this  central  axis 
with  cells  in  the  external  or  cortical  grey  tube  ;  and  (3)  fibres 
linking  cortex  with  cortex,  or  central  ganglia  with  each  other. 

•  The  oliaclory  ami  jxissibly  to  some  extent  the  optic  nerves  are  ex- 
ceptions to  this  statement.  Their  relation  to  the  cortex,  as  is  easily 
unrlerstuixl  lr*>ni  the  manner  oi  their  development  (p,  6<:o),  is  diilerent 
from  iluit  o(  the  other  nerveii. 
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In  the  third  group  are  included  (a)  fibres  which  connect  jwrtions 
of  the  cortex  on  the  same  side  (association  fibres)  and  (h)  fibres 
which  connect  portions  on  opposite  sides  of  the  middle  line 
(commissural  fibres).  Our  first  task  is,  therefore,  to  trace  the 
[jerij^heral  nerves  to  their  rells  of  origin  or  centres  of  reception* 
in  the  nervous  stem.  And  although  there  is  reason  to  believe 
that   the  whole  of  the  peripheral  nerves,  cerebral  and  spinal 
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Fig.  27g>— Dugaam  ov  Grby  Tkacts  or  Coho. 

(with  the  exception  of  the  olfactory  and  optic,  which  arc  rather 
portions  of  the  brain  than  true  peripheral  nerves),  form  a  morpho- 
logical series,  it  will  be  well  to  begin  with  the  spinal  nerves, 
since  their  motor  and  sensory  fibres  are  gathered  into  different 
and  definite  roots,  whose  course  within  the  cord  is,  in  general, 

•  The  centre  nr  nucleus  of  recci>tion  of  a  nerve  contains  the  nerve-cells 
around  which  its  axons  terminate  ;  the  nucleus  ol  origin  of  a  nerve  con- 
tains the  ceUs  from  which  its  axons  arise. 
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more  easfly  traced  than  the  course  of  the  cerebral  root-bundles 
\%'ithin  the  brain. 

Arrangement  of  the  Grey  and  White  Matter  in  the  Spinal 
Cord. — The  grey  matter  of  the  spinal  cord  is  arranged  on 
each  side  in  a  great  unbroken  column  of  roughly  crescentic 
section,  joined  with  its  fellow  across  the  middle  hne  by  a  grey 
bar  or  bridge,  which  springs  from  the  convexity  of  the  crescent, 
and  is  pierced  from  end  to  end  by  the  central  canal.  The 
anterior  horn  of  the  crescent,  although  it  varies  in  shape  at 
different  levels  of  the  cord,  is.  in  general,  broad  and  massive, 
in  comparison  with  the  slender  and  tapering  posterior  horn.  In 
the  lower  cervical  and  upper  dorsal  region  a  moulding  or  pro- 
jection, forming  a  lateral  horn,  springs  from  the  fluted  outer 
side  of  the  grey  substance.  Within  the  grey  matter  nerve- 
cells  are  found,  sometimes  so  regularly  arranged  that  they  form 
veritable  cellular  or  vesictilar  strands.  Of  these  the  best  marked 
are  :  (i)  The  tract  or  tracts  made  up  by  the  cfUs  of  the  anterior 
horn  (Fig.  270),  which  practically  run  from  end  to  end  of  the  cord, 
swell  out  in  the  cervical  and  lumbar  enlargements,  where  the 
cells  are  very  numerous  and  of  great  si^e  (70  /i  to  140  /*  in  dia- 
meter), and  contract  to  a  thin  thread  in  the  tlioracic  region, 
where  they  are  relatively  few,  scattered,  and  small.  (2)  Clarke's 
column^  whose  cells  are  situated  at  the  inner  side  of  the  root 
of  the  posterior  horn  just  where  it  joins  on  to  the  grey  cross-bar. 
It  gradually  increases  in  size  from  above  downwards,  usually 
appearing  first  at  the  level  of  the  seventh  or  eighth  cervical 
nerve,  attaining  its  maximum  development  at  the  eleventh  or 
twelfth  dorsal  and  disappearing  altogether,  as  a  continuous 
strand,  at  tlie  level  of  the  second  or  third  lumbar  ner\'es. 
Scattered  nerve-cells,  however,  constituting  the  so-called  cer- 
vical and  sacral  nuclei  of  Stilling,  are  frequently  found  occupying 
the  same  }X)sition  towards  the  ujjper  and  lower  ends  of  the  cord. 
and  may  be  looked  upon  as  isolated  portions  o(  Clarke's  column. 
(3)  A  tract  called  the  intcrvjaUo-lateral  tracts  situated  at  the  outer 
edige  of  the  grey  matter,  about  midway  between  the  anterior 
and  posterior  horns.  It  is  best  marked  in  the  thoracic  region, 
but  extends  also  down  into  the  lumliar  swelling  and  up  until 
it  blends  with  certain  cells  of  the  anterior  hom  of  the  cer\-ical 
cord.  (4)  The  cells  of  the  posterior  horn,  which  are  less  numerous 
and  smaller  than  those  of  the  anterior  hom.  Throughout  the 
whole  cord,  howe\er,  two  small  grouj^  of  cells  may  be  dis-  ^j 
tinguished,  one  on  the  lateral  side  of  tlie  hom,  about  its  middle,  ^| 
and  the  oUier  on  the  mesial  side,  a  little  in  front  of — t.^.,  ventral  ^^ 
to — the  edges  of  the  substance  of  Rolando.  Both  of  these  groups 
arc  broken  up  by  the  jiassage  through  them  of  bundles  of  fibres 
which  form  a  network,  and  they  are  tlxerefore  called  respectively 
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the  group  of  the  lateral  and  the  group  of  the  posterior  reticular 
formation, 

Tho  white  matter  of  the  cord  is  anatomically  divided  by  the 
iwsition  of  the  nerve-roots  and  the  anterior  and  posterior  fissures 
into  three  columns  on  each  side :  the  anterior,  lateral,  and 
posterior  columns.  The  first  two  are  often  grouped  together 
as  the  antero-lateral  column.  In  the  cervical  region  it  may  be 
seen  with  the  microscope  that  the  posterior  white  column  is 
almost  bisected  by  a  septum  running  in  from  the  pia  mater 
towards  the  grey  cominissure.    The  inner  half  is  called  the 


First  Cervical. 


I 


All  tcTO*  lateral 

fronnd.bandle 


Direct  pyramulAl 

\ntero lateral  aKertding 


CnHwnl  pynmidal 

Dtncct  cerebellar 


I\)«ten>-«atcrtuit  (bardAcfa's) 
Posicro-mcdba  (Goir*) 


SiXTB  Cervical. 


SiXTB  Dorsal. 


FiPTii  Lumbar. 


PlO.   aSo. — DlAGRAHHATIC  SkCTIONS  OP  THR   SpINAL  CORD  TO  SHOW  THE  TRACTS 

OF  White  ACaitrr  at  Dipperknt  Lfvkls. 

postero-median  column,  or  column  of  Goll  ;  the  outer  half  the 
postcro-extemal  column,  or  column  of  Burdach  (Fig,  280). 
No  localization  of  any  of  the  other  conducting  paths  in  tlie  cord 
is  |)ossible  by  anatomical  examination  :  but  by  means  of  the 
developmental  method  and  the  method  of  degeneration  the 
columns  of  Goll  and  Burdach  can  be  followed  throughout  the 
cord,  and  several  similar  areas  can  be  mapped  out.  We  shall 
only  mention  those  that  are  physiologically  the  most  important. 
VVlien  the  spinal  cord  is  divided,  and  the  animal  allowed  to 
sur\nve  for  a  time,  certain  tracts  are  picked  out  by  the  degenera- 
tion of  their  fibres,  although  in  every  degenerated  tract  some 
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fibres  remain  unaffp.cted.  We  may  distinguish  the  tracts  that 
degenerate  above  the  lesion  (ascending  degeneration)  from  those 
that  degenerate  below  the  lesion  (descending  degeneration). 

Ascending  Tracts. — Above  the  lesion  degeneration  is  found 
both  in  the  posterior  and  the  antero-latcral  columns.  Imme- 
diately above  the  section  nearly  the  whole  of  the  posterior 
column  is  involved.  Higher  up  the  degeneration  clears  away 
from  Burdach's  tract,  and.  shifting  inwards,  comes  to  occupy 
a  position  in  the  colimin  of  Goll,  In  the  antero-IateraJ  column 
two  degenerated  regions  are  seen,  both  at  the  surface  of  the  cord. 
one  a  compact,  sickle-shaped  area  extending  forwards  from  the 
neighbourhood  of  the  line  of  entrance  of  the  posterior  roots, 

and  the  other  an  area  of 
scattered  degeneration, 
embracing  many  intact 
fibres,  and  completing  the 
outer  boundary  of  the 
column  almost  to  the  an- 
terior median  fissure.  The 
compart  area  is  called  the 
dorsal  or  direct  cerebellar 
tract,  the  diffuse  area  the 
antcro'laieral  ascending 
trad,  or  tract  of  Cowers, 
or  ventral  cerebellar  tract,* 
The  trad  of  Lissautir^  or 
posterior  marginal  zone^  is 
another  small  ascending 
tract  at  the  outer  side  of 
the  ti[j  of  the  posterior 
horn.  It  is  made  up  of 
fibres  from  the  posterior 
roots  which  soon  pass  into 
tlie  posterior  column. 
Descending  Tracts. — When  the  cord  is  divided,  say  in  the 
upper  dorsal  or  cervical  region,  the  following  tracts  degenerate 
below  the  lesion  : 

(i)  A  small  group  of  fibres  close  to  the  antero-median  fissure, 
which  has  received  the  name  of  the  direct  pyramidal  tract — 
pyramidal,  because  higher  up  in  the  medulla  oblongata  it  forms 
part  of  the  pyramid  ;  direct,  because  it  does  not  cross  over  at  the 
decussation  of  the  pyramids,  but  continues  down  on  the  same 
side. 

(2)  A  tract  cf  degenerated  fibres  in  the  posterior  part  of  the 

•  Some  wTiters  employ  the  roore  precise  terms,  dorsal  ami  ves 
.s^ino-cerebellar  tracts. 
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Fig.   jfi.— Scheme    or   Cross-sectio 
Spinai.   Cord    (DowAtDsoK,  ArruR 

HOSSCK). 

On  ihc  U;fl  side  only  the  aflrreiit  fibres  are 
shawii ;  ihe  efferent  hbres  and  the  spinal  rrlU 
on  the  right  side.  />./?.  posterior  (dorsal)  root ; 
V,R.  anterior  (ventral)  root  ;  CP,  cro«*ed 
pyramidal  fibres;  C,  direct  cerebellar  tract; 
A.L,  an tero 'lateral  tract :  D.C,  posterior 
columns. 
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lateral  column.    This  is  the  lateral  or  crossed  pyramidal  tracl^ 
and  is  much  larger  than  the  direct.     In  the  medulla  it  also  lies 


FiG<  t&z.  —  Medulla  Oblongata,  Pons 

AKD    CORrORA    QrADKICEMINA     (DoKSAl. 

OR  PosTXRiOR  View)  (Sappev). 

t,  corpor<i  quAdrigrmina  ;  2,  nates  : 
3.  tnlet ;  4.  anterior  lirarhium  uniting 
the  nates  to  the  lateral  K<^nicuL)te  btxly  ; 
5.  posterior  brachitim  uniting  the  testes 
to  the  internal  Kcniciilate  body  6  \ 
7,  posterior  onmmiMurr  ;  M,  pineal  gland 
puDed  forward  to  shuw  nates  ;  <j,  superior 
peduncle  of  the  cerebelluiu  ;  10,  11,  u, 
valve  of  VieusMDS  :  13.  trochlear  nerve  ; 
14.  lateral  sulcus  ;  15,  hllct  ;  16,  superior, 
17*  middle,  and  xH.  inferior  peduncle  of 
the  cerebellutii  ;  19.  floor  of  fourth  ven- 
tricle ;  30.  auditory  nerve,  it,  spinal 
cord :  33.  posterO'incdiaii  column,  con* 
Itnued  in  th«  medulla  as  the  funiculus 
gracilis:  35.  the  dava.  tfae  conltnuatioa 
of  the  funiculus  gracilis. 


Fig.  iHy — Mroi/lla    Omlongata. 
Poms  *xd  Crura  Cbrrbhi  (Vrn- 

TRAt    OH    ANrEBIOR    ViKW). 

i»  infundibuluni  ;  j,  tuber  cine- 
reum  ;  3,  corpus  maaimiUare  i  4. 
cerebral  peduncle  or  crua  cerebri  ; 
5,  pons  :  A.  middle  peduncle  of 
<ercl>cllutn  ;  7,  pyramid  ;  »,  deous> 
SAtion  of  the  pyramids  ;  9,  olive  ; 
to,  tubercle  of  Knlando ;  li,  es* 
temal  arcuate  hbrrs  ;  n,  upivr  end 
of  spinal  cord  ;  1 3,  ligamciitum  dcn- 
ttcaldtum  :  14,  dur^  nuiter  nf  spinjl 
cord  :  15,  optic  tract  ;  16.  chlasnta  : 
17.  third  or  oculo-moiur  nerve  ;  18, 
fourth  or  trochlear  ncr\'e  ;  ly,  filth 
or  trigeminal  nerve  ;  20,  sixth  nprve 
or  abduccns;  21,  seventh  or  facial 
nerve ;  23,  eighth  or  auditory  nerve ; 
33,  nerve  of  Wrisberg  (portio  inter- 
media), which  unites  with  th« 
fari^l  ;  24,  |{los»o -pharyngeal  nerve  ; 
35,  vagus  nerve  ;  26.  spinal  accoa- 
sory  nerve  ;  37.  bypoglossal  nerve  1 
a8.  39.  50.  finU.  second,  and  tbitd 
pairs  of  cervical  spinal  nervet. 
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within  the  p>Tamid,  but,  unlike  the  direct  pyramidal  tract, 
crosses  to  the  opposite  side  of  the  cord  at  the  decussation. 

(3)  A  tract  of  scattered  degeneration  lying  internal  to  and 
partly  overlapping  tlie  tract  of  Gowers.  It  is  called  the  antno- 
latetal  descending  tract. 

(4)  A  small  comma-shaped  island  of  degeneration  (comma 
tract)  can  be  followed  downwards  for  a  short  distance  in  the 
middle  of  Bunlach's  column.  It  is  only  seen  in  the  cer\^ical 
and  upper  thoracic  regions. 

^Vllen  we  have  deducted  the  long  ascending  and  descending 
tracts  which  have  been  descril>ed,  there  still  remains,  both  in 

the  anterior  and  in 
the  lateral  column, 
a  balance  of  white 
matter  unaccounted 
for.  This  white 
substance,  which 
does  not  degenerate 
for  any  great  dis- 
tance either  above 
or  below  a  lesion,  is 
called  the  anUro* 
lateral  ground- 
bundle,  and  lies 
chiefly  in  the  form 
of  an  incomplete 
ring  around  the  an- 
terior cornu.  It  is 
believed  to  consist 
of  fibres  which  run 
onlyacomparatively 
short  course  in  the 
cord,  and  serve  to 
connect  nerve  -  cells 
at  different  levels. 
The  next  question  which  arises  is :  How  are  the  long  tracts 
connected  below — «.*.,  with  the  periphery — and  alx»ve — ».«,, 
with  the  higher  parts  of  the  central  nervous  system  ?  The 
answer  to  this  question,  partly  derived  from  clinical  records 
and  ]>arfly  from  ex|)erimental  results,  is  in  the  case  of  some  of 
the  tracts  unexj>ectedly  full  and  minute,  though  meagre  in 
regard  to  others.  But  to  render  it  intelligible  it  is  necessary, 
first  of  all,  to  describe  briefly^ 


Fig.  28.4.— Mepulla  Oblongata  anp  CEMeBCLLUM, 
WITH  Fourth  Ventricle  (Hirschfeld). 

1,  mrual  groove  of  floor  o(  veotriclf  running  down 
to  ihc  calamus  scriplorius;  2,  stri.-p  acusUcf :  3, 
jafcrior  prduncle  of  the  rerebellum  ;  4,  riava ;  5, 
superior  pcHundc  crossinf;  the  inferior  and  passing 
to  its  inlemnl  side;  ?.  7,  latrral  sulcus:  B,  corpora 
quadrigernina. 


The  Arrangement  of  the  Grey  and  White  Matter  in  the  Upper 
Portion  of  the  Cerebro-spinal  Axis.  —In  the  medulla  oblongata  the 
grey  antl  white  matter  of  the  spinal  cord  is  rearranged,  and,  in 
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addition,  now  strands  of  fibres  and  new  nuclei  of  grey  substance  make 
their  appearance.  Of  these  nuclei  the  most  conspicuous  is  the  den- 
tate nucluus  of  the  inferior  olive,  which,  covered  ty  a  crust  of  white 
fibres,  appears  as  a  projection  on  the  antero-lateral  surface  of  the 
medulla.  In  front  of  the  olive,  between  it  and  the  continuation  of 
the  anterior  median  fissure,  is  another  projection,  the  p^-ramid, 
which  looks  like  a  prolongation  of  the  anterior  column  of  the  cord» 
but  is  made  xip  of  very  different  constituents.  Dorsal  to  the  olive 
is  the  resriform  body  or  inferior  jwduncle  of  the  cerebellum,  and 
behind  the  restifomi  body  he  two  thin  columns,  the  funicuius 
mneaius^  which  continues  the  postern-extcmal  column  of  the  cord, 
and  the  funiculus  eraciiis,  which  continues  the  postcro-internal 
column.  In  these  tunicuU  are  contained  respectively  the  nucleus 
cuncatus  and  the  nucleus  gracilis.  The  rearrangement  of  the  con- 
stituents of  the  cord  is  due  mainly  to  two  causes  ;  [  i)  The  opening  up 
of  the  central  canal  to  form  the  fourth  ventricle,  and  the  folding  out, 
on  either  side,  of  the  grey  matter  which  Ues  posterior  to  it  in  the 
cord  ;  (2)  the  breaking  up  of  the  grey  matter  of  the  anterior  horn, 
by  strands  of  fibres  as  they  sweep  through  it  from  the  lateral  pyra- 
midal tract  to  take  up  a  position  m  the  pyramid  of  the  opposite  side 
(decussation  of  the  pyramids),  and  a  little  higher  up  by  fibres 
passing  across  the  middle  line  from  ihc  gracilc  and  cuneate  nuclei 
(sensory  decussation  or  decussation  of  the  fillet).  The  mosaic  of 
grey  and  white  matter  formed  in  the  medulla  by  the  interlacing 
of  longitudinal  and  transverse  fibres  with  each  other  and  with  the 
relics  of  the  anterior  horn,  is  called  the  reticular  formation  {formatio 
reticuian^).  It  occupies  the  anterior  and  lateral  portions  of  the 
bulb  behind  the  pi^Tamids  and  olivary  bodies,  and  is  continued 
upwards  In  the  dorsal  ^wrtion  of  the  pons  and  crura  cerebri. 

The  ccrebro- spinal  axis  passes  up  from  the  medulla  through  the 
pons,  encircled  and  traversed  by  the  transverse  pontine  fibres 
derived  from  the  middle  cerebellar  peduncle  or  commissure,  which 
enclose  every\vhere  between  them  numerous  collections  of  nerve- 
cells  {nuclei  pontis).  Enlarged  by  the  accession  of  many  of  these 
fibres  which  come  from  the  cortex  of  the  cerebellum  on  the  opposite 
side,  as  well  as  of  fibres  from  the  nuclei  of  the  cranial  nerves  that 
take  origin  in  this  neighbourhood  (fifth  and  eighth),  the  central 
nervous  stem  bifurcates  above  the  pons  into  the  two  diverging  crura 
cerebri.  From  each  crus  a  great  sheet  of  fibres  passes  up  between 
the  optic  thalamus  and  the  caudate  nucleus  of  the  corpus  striatum 
on  the  one  hand,  and  the  globus  pallidus  of  the  lenticular  nucleus  on 
the  other,  as  the  internal  capsule,  from  which  they  are  dispersed, 
in  the  corona  radiata,  to  the  cerebral  cortex.  Hoth  in  the  up]^r 
part  of  the  pons  and  in  the  crus  a  ventral  portion,  or  crusta,  con- 
taining the  fibres  of  the  pyramidal  tract,  and  a  dorsal  portion,  or 
Ugmctttum,  can  be  distinguished,  the  line  of  separation  being  marked 
in  the  crus  by  a  collection  of  grey  matter,  called  from  its  usual, 
though  not  invariable,  colour  the  substantia  nigra  (Fig.  290).  A 
portion  of  the  tegmentum  is  continued  below  the  optic  thalamus. 

Coming  back  now  to  our  question  as  to  the  connections  of 
the  long  tracts  of  the  cord,  lei  lis  consider,  first  of  all. 

The  Connections  of  the  Postero-median  and  Postero-external 
Columns. — WTion  a  single  jwsterior  root  is  divided,  say  in  the 
dorsal  region,  Iwtween  the  cord  and  the  ganglion,  its  fibres,  as 
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we  have  already  seen  (p.  bio),  degenerate  above  the  section, 
a  series  of  microscopic  sections  of  the  spinal  cord  be  made,  well- 
marked  degeneration  will  l>e  found  at  the  level  of  entrance  of 
the  root  on  the  same  side  of  the  cord,  while  below  that  level 
there  will  be  only  a  few  degenerated  fibres  in  the  comma  tract. 
Immediately  above  the  plane  of  the  divided  root  the  degenera- 
tion will  be  confined  to  Hurdach's  column  and  to  its  external 
border.  Higher  up  it  will  he  found  in  the  internal  portion  of 
Burdach's  and  the  external  rim  of  GoH's  column.  Still  higher 
up  the  degenerated  fibres  will  be  confined  to  the  postero-median 
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Fig.  2S5.  —  Posterior  Hoots 
KNTXHNc  Spinal  Cord  (at  the 
LRrr  OP  THt  FiGURS). 

(From  a  preparation  stained  with 
aniline  Wijc-black.) 


Fig.  26().~Branchikq  or  Pos- 
terior KooT-FiBRss  IN  Cord 
(Donaldson.  ArritR  Cajal). 
CoUaleriUs,  Col,  nrc  *<«n  conuug 
off  £rnm  tbr  two  main  hrancfaes  of 
the  r.jol.fibres,  OR.  and  ending 
in  arborlxutlooft.  CC,  crUs  in  the 
grey  matter  of  the  cord,  whose 
axons  also  give  ofi  coUaterals. 

column  ;    the  postero  •  external  will  be  entirely  free  from  de- 
generation. 

When  a  number  of  consecutive  posterior  roots  are  cut.  the  whole 
of  the  postero-externiLl  column  in  the  sections  immediatciv  above  the 
highest  of  the  divided  roots  %vill  be  found  occupied  by  dcjt^encratcd 
fibres,  while  OoU's  coUimn  may  be  free  from  defeneration,  or  dc- 
Keneratcd  only  at  its  outer  border.  Higher  up  degeneration  will  be 
found  to  have  involved  the  whole  of  the  i>ostcro-median  column,  and 
to  liavc  cleared  awny  altogether  from  the  postero-cxtcmal.  "TJie 
defeneration  in  the  column  of  GoU  may  be  traced  along  the  wluile 
length  ol  the  cord  to  the  medulla,  although  the  number  of  degene- 
rated  fibres  diminishes  as   we  pass   upward.     The  explanation   of 


4 


THE  CENTRAL  NERVOUS  SYSTEM 


68i 


these  appearances  is  as  follows:  It  may  be  seen  in  preparations 
of  the  cord  impregnated  by  Golgi's  method  that  the  fibres  of  the 
posterior  roots  soon  after  their  entrance  into  the  cord  divide 
mto  two  processes,  one  of  which  runs  up  and  the  other  down  in  the 
posterior  column*  or  in  the  adjoining  portion  of  the  posterior  horn. 
From  both  of  these  collaterals  are  given  ofi  at  intervals.  The 
descending  branches  run  downwards  only  for  a  short  distance, 
and  the  degeneration  in  the  comma  tract  seen  after  section  of 
the  cord  is  due  to  the  division  of  these  branches.  Many  of  the 
ascending  branches  pass  up  for  a  short  distance  in  the  postero- 
external cohimn,  sweeping  obliquely  through  it  to  gain  the  tract  of 
Goll.  In  this  tract  some  of  them  run  right  on  to  the  medulla 
oblongata,  to  end  in  a  collection  of  grey  matter,  the  nucleus  gracilis. 
Others  must  end  at  various  levels  in  the  cord,  their  collaterals,  and 
ultimately  the  main  branches  themselves,  coming  into  relation  with 
nerve-cells  in  the  grey  matter.  When  the  cervical  posterior  roots 
are  cut,  many  of  the  degenerated  fibres  remain  in  Burdach's  column 
up  to  the  medulla,  where  they  terminate  in  the  nucleus  cuncatus. 
In  the  posterior  cohimn,  then,  the  fibres  of  the  posterior  roots 
which  do  not  form  s>Tiapscs  with  nerve-cells  in  the  spinal  cord  arc 
arranged  in  layers,  the  fibres  from  the  lower  roots  Deing  nearest 
the  median  fissure,  and  those  from  the  higher  roots  farthest  away 
from  it.  Other  collaterals  from  the  posterior  root-fibres,  and  many 
of  the  root-fibres  themselves,  nm  into  the  anterior  horn  :  some  pass 
into  the  posterior  horn,  and  doubtless  come  into  relation  with  ita 
scattered  cells  and  with  the  cells  of  Clarke's  column.  Other  col- 
laterals and  probably  some  axons  cross  the  middle  line  in  the 
anterior  and  posterior  commissures  and  end  in  the  grey  matter  of  the 
opposite  side. 

We  may  therefore  conclude  without  hesitation  that  some  of 
the  fibres  of  the  posterior  roots  ascend  to  the  medulla  in  the 
posterior  column  of  the  cord  without  forming  synapses  with 
any  cells  until  they  reach  the  gracile  and  cuneate  nuclei,  where 
tliey  end  by  breaking  up  into  terminal  brushes  of  fibrils.  The 
cell-bodies  of  these  neurons  lie  in  the  i>osterior  root-ganglia. 

Connections  of  the  Direct  or  Dorsal  Cerebellar  Tract,— Since 
the  dorsal  or  direct  cerebellar  tract  iloes  not  degenerate  after 
section  of  the  jwsterior  nerve-roots,  but  does  degenerate  above 
the  level  of  the  lesion  after  section  of  the  spinal  cord,  the  nerve- 
cells  h'oin  which  its  axons  arise  must  be  situated  somewhere  or 
other  in  the  cord.  Now,  it  has  been  observed  that  the  vesicular 
colunm  of  Clarke  first  becomes  prominent  in  the  lower  dorsal 
region,  and  that  in  this  same  region  the  direct  cerebellar  tract 
begins.  Atrophy  of  the  cells  of  Clarke's  column  has  sometimes 
in  disease  been  shown  to  accompany  degeneration  of  the  direct 
cerebellar  fibres.  After  an  experimental  lesion  of  these  hbres 
in  animals,  some  of  the  cells  of  the  vesicular  column  show  the 
changes  in  the  Nissl  Ixxlies  which  we  have  already  described, 
under  the  name  of  chromatolysis,  as  occurring  in  nerve-cells 
whose  axons  liave  been  cut.  After  two  or  three  months  these 
cells   may   be    found   almost   completely   atrophied   (Schafer). 
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Finally,  axis-cylinder  processes  have  been  seen  sweeping  out  from 
Clarke's  column  into  the  direct  cerebellar  tract  (Mott).  The 
e\ndence,  then,  is  very  strong  Uiat  some  of  the  cells  of  Clarke's 
column  are  the  cells  of  origin  of 
surrounded  by  arlx)rizations,  some 


Fio.  2^7- — ^Transverse  SacnoN  oj»  Mb* 
ornxA  Orlomcata  at  the  Lkvkl  op 
THE  Decussation  op  the  Fillet  (Hal- 

LIB17RTON,    AFTER    ScHWALBE). 

a.m.f,  anterior,  and  p.m.f»  posterior 
mcfUan  fissure  ;  /.o.  and  f.a*,  external  arcu- 
ate  fibres  ;  f.a'.  internal  arctinte  fibres  be- 
coming  extern.!]  ;  n,a,r,  nuclei  of  arcuate 
fibres  ;  ^v,  pyramid  ;  o,  o',  lower  end  of 
nucleus  of  olive  ;  /.f,  formatio  reticularis  : 
R^,  lateral  nucleus  :  n.g,  nucleus  gracilis  ; 
f.g,  funiculus  gracilis  ;  n.c,  nurleus  cuneatus: 
M.c',  external  cuneate  nucleus  ;  f.c,  funiculus 
cuneatus  ;  r,  substance  of  Rolando ;  c.c. 
central  canal  surrounded  by  grey  matter : 
n.X/,  nucleus  of  spinal  accessory  ;  n.Xff* 
of  hypoglossal ;  a.V,  ascending  root  of  fifth 
nerve  ;  s.t/,  the  decussation  of  (he  fillet,  or 
superior  decussation. 


Fic.  a88. — Transverse  Sbctio?i  op 
DULi.A  Oblongata  at  about  tub 
Middle  or  the  Ouvk  {Halliburton, 
after  ScHWALan). 
f.I.a,  anterior  median  fissure :  n. 
arcuate  nucleus  ;  /»..  p>Tamid  ;  n.XlI,  hy( 
glossal  nucleus  ;  XII,  root  bundle  of  hy 
glossal  nerve  coming  off  from  the  *^urfaca] 
at  b  it  runs  between  the  pyramid  and  U  ' 
dentate  nucleus  of  the  olive,  0 :  f.a-t,  ai 
ternal  arcuate  fibres  ;  n.t,  lateral  nucleuil 
a,  arcuate  fibres  going  to  restiforra 
c.t,  partly  through  the  substantia  geUtiuosa 
g,  partly  superficial  to  the  ascending  root 
of  the  fifth  nerve  a^':  X,  root-bundle  r>f 
vagus  ;  n.X,  n.X',  two  portions  of  vagus 
nucleus ;  /.r.  formatio  reticularis  ;  w.<. 
nucleus  gracilis ;  n.c,  nucleus  cuneatut.1 
hJ,  nucleus  of  the  funiculus  teres  :  n.i 
nucleus  ambiguus  ;  r.  raphe  ;  o\  o',  an 
sory  "livary  nucleus  :  p^tJ,  pedunrJe  of 
olive. 


minations  of  posterior  root-fibres  and  of  their  collateraJs.  TTm 
direct  cerebellar  tract  runs  right  up  to  the  cerebellum  througl 
the  restiform  body,  without  crossing  and  witliout  being  furthei 
interrupted  by  nerve-cells.    The  restiform  body   ends  partly 
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the  dentate  nucleus  of  the  cerebellum,  partly  in  the  vermis,  and 
among  the  fibres  which  end  in  the  vermis  are  those  of  the  direct 
cerebellar  tract.  In  tlie  dorsal  cerebellar  tract  there  is  a  definite 
stratification  of  the  fibres  :  the  fibres  from  the  lowest  segments 
of  the  cord  lie  outermost  ;  beneath  these  come  fibres  from  the 
lowest  thoracic  segments,  then  fibres  from  the  higher  thoracic 
segments  ;  and,  internal  to  all,  fibres  from  the  topmost  thoracic 
and  lowest  cer\ical  segments  (Sherrington  and  Laslett). 


Connections  of  the  Antero-Iateral  Ascending  Tract. — According 
to  Schafcr.  tlic  axons  of  this  tr.ict  are  also  connected  with  cells  situ- 
ated in  Clarke's  column.  For  when  both  Ihe  anterolateral  ascending 
and  the  direct  cerel>eU.-tr  tracts  are  di\'idcd  a  much  larger  number  of 
the  cells  of  the  vesicular  column  are  involved  in  the  resulting  chro- 
matolysis  and  atrophy  than  when  the  lesion  is  confined  to  the  direct 
cerebellar  tract  alone."  But  some  ol  the  fibres  of  the  tract  may  have 
a  different  source  (from  cells  at  the  base  of  the  anterior  horn  on  the 
same  and  also  on  the  opposite 
side),  and  the  fact  that  it  begins 
lower  down  in  the  cord  than 
the  direct  ccrebclLir  tract  is  in 
favour  of  the  view  that  their 
cells  of  origin  are  not  confined 
withia  exactly  the  s:\me  boun- 
daries. None  of  the  fibres  (jf 
the  tract  can  come  directly 
from  the  posterior  nerve-roots. 
since  no  degeneration  is  seen 
in  it  on  section  of  the  roots 
alone. 

The  antero-lateral  :isccnding 
tract  passes  up  through  the 
medulla,  where  some  of  its 
fibres  perliaps  form  syna]ises 
with  the  cells  of  the  lateral 
nucleus,  a  collection  of  grey 
matter  in  the  lateral  portion 
of  the  spinal  bulb.  But  its 
main  strand  runs  on  unbroken  through  the  medulla,  in  front  of  the 
restiform  body,  and  behind  the  olive,  and  after  reaching  the  upper 
part  of  the  pons  bends  back  through  the  superior  peduncle,  to  end 
in  the  worm  of  the  cerebellum. 


ric.  2b'- 


UlAGltAM      OF 

or  Fillet. 


Ubcu&sation 


a,  nucleus  gracilis ;  h,  nucleus  cuneatus : 
c,  internal  arcuate  fibres  croutng  the 
middle  line  from  n  and  b  io  th^  fillet  </, 
and  lorming  the  decussation  of  the  fillet ; 
e,  anterior  median  fissure. 


Through  the  relay  of  the  ^^''^cilc  and  cuncatc  nuclei,  the 
postero-intemal  and  |X)stero-extenial  columns  of  the  cord  are 
further  connected  on  the  one  hand  witli  the  cerebrum,  and  on 
the  other  with  the  cerebellum.  The  cells  of  the  nuclei  give  off 
fibres  (internal  arcuate  fibres)  which,  sweeping  in  wide  arches 
across  the  mesial  raphe  to  the  opposite  side,  take  up  a  position 
behind  the  pyramid  m  the  fillet,  a  bundle  of  fibres  which  becomes 
more  compact,  and  therefore  more  distinct  as  it  passes  br?in- 
wards.     Receiving  fibres  from  other  sources  on  its  way,  and  also 
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^ving  off  fibres,  it  runs  upwards  into  the  dorsal  or  tegmental 
portion  of  the  pons.  Here  it  divides  into  two  portions,  the 
mesial  fiUct  and  the  lateral  fillet.  The  lateral  fillet  contains 
fibres  arising  in  the  cochlear  nucleus  of  the  auditory  nerve,  and 
ends  in  the  posterior  corpus  quadrigpminum,  and  partly  below 
the  anterior  corpus  quadri^eminum.  It  appears  to  be  a  path  for 
the  conduction  of  auditory  impulses.  The  mesial  fillet  contains 
the  fibres  that  come  off  from  the  gracile  and  cuneate  nuclei. 
Enlarged  by  the  accession  of  fibres  from  the  sensory  nuclei 
of  the  cranial  ner\'es,  it  pursues  its  course  through  the  teg- 
mentum of  the  crus,  and  terminates  in  the  optic  thalamus  and 


Fig.  290. — DiAGftAMHATic  Transversk  Skction  of  Crura  CbKEBRi  and 
Aqueduct  or  Syiaics. 

a,   anterior  corpora   quadrigcmina :  b»   aqueduct :  e,  red   nucleus :  d,   Allet  1 

f,  suhsliiiilia  niKTJ  ;    /.  pyramidal   tract  m   Ihe    crusta  of    the    cnira    cerebri  ; 

g,  fibres  fmin  Iroutal  lohe  of  icrchnim  :  h,  fibres  (rrtm  tempnro-ociipital  lobe ; 
I,  posterior  longitudinal  bundle. 

the  rcf^ion  below  it  (sub-thalamic  retjion)  by  forming  synai^ses 
with  nerve-cells,  whose  axons,  passing  through  the  posterior 
limb  of  the  internal  capsule  and  the  corona  radiata,  continue 
the  afferent  path  to  the  cerebral  cortex. 

Some  of  the  internal  arcuate  fibres,  instead  of  passing  into  the 
fillet  after  crossing  the  middle  line,  bend  out  (as  external  arcuate 
fibres)  along  the  edge  of  the  anterior  median  fissure,  and  coursing 
superficially  arotmd  the  pyramid  and  olive,  reach  the  resti- 
form  body.  A  connection  is  thus  established  between  the  two 
nuclei  and  the  opposite  side  of  the  cerebellum.  Numerous 
fibres  also  go  directly  from  the  nuclei,  and  especially  the  nucleus 
cuneatus,  to  the  restiform  txxly  of  the  same  side. 
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Connections  of  the  Pyramidal  Tracts.  —  When  the  cortex 
in  and  in  front  of  the  fissure  of  Rolando  is  destroyed  by  disease 
in  man,  or  removed  by  nj>eration  in  animals,  it  is  found  that  in  a 
short  time  degeneration  has  taken  place  in  the  fihresoJ  the  corona 
radiata  whicli  [»ass  off  from  tlus  area.  The  degeneration  can  lie 
followed  down  through  the  genu  and  the  anterior  two-thirds  of 
the  posterior  hmb  of  the  internal  capsule  (Fig.  2i)i),  and  the 
crusta  of  the  cerebral  ]>(;dunc!e  of  the  corresponding  side  into 
the  medulla  oblongata.  Below  the  decussation  of  the  jiyramids 
it  is  found  that  the  degeneration  ha.s  involved  the  two  pyramidal 
tracts,  and  only  these — the  crossed  pyramidal  tract  on  the  side 
opposite  the  cortical  lesion,  the  direct   pyramidal  tract  on  the 


INTERNAL     CAPSULE 

.filM 


filM 


I 


CORD 

MID.  BRAIN 
FlO,    2(}t. — PYRAMtDAt    PATH    (ArTKK    GoWKM). 

rVgcneration   aftrr  drslriiction  of  the  Knlandic  area  of  the  right  cerebnl 
hemisphere.     The  dcgencTate<l  areas  are  indicated  by  the  shading. 

same  side — and  that  the  cross-section  of  the  two  degenerated 
tracts  goes  on  continually  diminishing  as  we  pass  down  the  cord. 
(We  overlook,  for  the  moment,  in  the  interest  of  simplicity 
of  statement,  the  fact  that  some  degenerated  fibres  are  found 
in  the  crossed  p>Tamidal  tract  on  the  same  side  as  the  lesion.) 
This  is  proof  (xisitive  that  the  ceU-b<wlies  of  the  neurons  whose 
axons  run  in  these  tracts  are  situated  in  the  cerebral  cortex. 
They  have  indeed  been  identified  with  certain  of  the  large 
pyramidal  cells  in  the  Rolandic  area.  Among  these  the  so- 
called  giant-cells,  which  are  most  numerous  in  the  upper  portions 
of  this  area,  and  the  majority  of  which  are  connected  with  the 
long  pyramidal  fibres  that  run  down  into  the  cord,  are  especially 
conspicuous.     The  fact  tliat  tfie  degeneration  does  not  spread 
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to  the  anterior  roots  shows  that  at  least  one  relay  of  ncrve-ceUs 
intervenes  between  the  pyramidal  fibres  and  the  root-fibres. 
The  results  l>oth  o[  manual  and  tnoibid  liislology  enable  us  to 
identify  the  cells  of  the  anterior  horn  as  the  cells  of  origin  of  the 
axons  of  the  anterior  root-fibres.     For 

(1)  Axis-cylinder  processes  have  been  actually  observed  passing 
out  from  certain  of  ttic  so-called  motor  cells  of  the  anterior  horn  to 
become  the  axis-cylinders  of  fibres  nf  the  anterior  root. 

(2)  In  the  pathological  condition  known  as  anterior  poliomyelitis, 
the  cells  of  the  anterior  Ixorn  degenerate,  and  so  do  the  anterior 
roots  of  the  affected  region,  the  motor  fibres  of  the  spinal  nerves, 
and  the  muscles  supplied  by  them. 

(3)  As  already  mentioned  {p.  G67),  transient  but  decided  chan^^es 
occur  in  the  anterior  horn  cells  on  section  of  the  corresponding 
anterior  roots, 

(4)  An  enumeration*  has  been  made  in  a  small  animal  (frog)  of 
the  cells  of  the  anterior  horn  and  of  the  anterior  root-fibres,  and  it 
has  been  found  that  the  numbers  agree  in  a  remarkable  manner. 
From  all  this  it  cannot  be  doubted  that  most,  at  any  rate,  of  the 
cells  of  the  anterior  horn  arc  connected  with  fibres  of  the  anterior 
root.  But  since  the  number  of  fibres  in  the  p>Taraidal  tracts  faUs  far 
short  of  the  number  of  cells  in  the  anterior  horn,  and  of  the  numl>er 
of  fibres  in  the  anterior  roots,  it  is  necessary'  to  assume  that  one 
pyramidal  fibre  may  be  connected  with  several  cells. 

While  there  is  no  doubt  that  the  anterior  root-fibres  and  the 
pyramidal  fibres  o(  the  luaiii  and  cord  form  segments  of  the 
same  nervous  path,  another  neuron  may  be  intercalated  between 
the  j)yraniidal  fibres  and  the  cells  of  the  anterior  horn.  Schafer 
has  shown  that  the  pyramidal  fibres,  or  some  of  them,  end  around 
cells  of  Clarke's  column,  which  in  turn  send  off  axons  that  come 
into  relation  with  the  anterior  horr*  cells.  The  size  of  the 
pyramidal  path  is  proportioned  to  the  degree  of  development 
of  the  brain.  Thus,  it  is  larger  in  the  monkey  than  in  the  dog, 
and  larger  in  man  than  in  the  monkey.  In  birds  the  pyramidal 
system  does  not  exist  as  a  collection  of  neurons  which  send 
their  axons  without  interruption  doHTi  from  the  cortex  to  the 
cord.  For  after  the  removal  of  a  Jiemisi)here  the  degeneration 
does  not  extend  l>elow  the  mid-brain  (Boyce). 

Connections  of  the  Antero-lateral  Descending  Tract — These  are 
not  well  known.  Some  writers  have  stated  Uiat  degeneration  is 
caused  in  tliis  tract  by  extirpation  of  the  corresponding  half  of  the 
cerebellum.  This  would,  of  course,  indicate  tliat  the  cells  of  origin 
lie  in  the  cerebellum.  But  recent  observations,  on  the  whole,  cast 
doubt  upon  the  statement.  Russell,  e.g.,  finds  only  a  few  degene- 
rated fibres  in  the  cord  after  semi -extirpation  of  the  cerebellum, 
although  the  restiform  body  contains  many  degenerated  fibres  going 
to  the  olives.     He  beUevcs  that  the  main  origin  of  the  antero- 

*  Such  enumerations  can  now  be  made  with  great  accuracy  from 
photographs  of  sections  of  the  nerves  {Hardesty,  Dale).  (Sec  Fig.  277, 
p.  670.) 
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lateral  descending  fibres  is  the  nucleus  of  Deiters,  a  coUection  of 
large  multipolar  nerve-cells  in  the  floor  of  the  fourth  ventricle  near 
the  inner  auditory  nucleus.  The  fibres  appear  to  pass  into  the 
anterior  horn,  where  most  of  them  end  by  arborizing  amongst  the 
cells  of  the  horn. 

Thus  far,  then,  we  have  been  able  to  maj*  out  two  great 
piiths  from  the  cerebral  cortex  to  the  periphery — one  efferent, 
the  other  afferent. 

(I)  The  great  efferent  or  motor  pyramidal  path,  which, 
starting  in  the  cortex  around  the  fissure  ol  Rolando,  where  its 
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Fic.  292. — Paths  ?rosi  Cortex  in  Cokona  Radxata  (Stakr). 

A.  tract  from  frpntal  cmivulutioits  to  nuclei  of  poDs  and  90  to  cerebellum  ' 
B.  motor  pyramidal  tract ;  C,  aflerent  tract  (or  tactile  sensations  (represented 
in  the  diagram  as  separated  from  B  by  on  interval  for  the  sake  of  clearness) ; 
D,  visual  tract  ;  E.  auditory  tract  ;  F.  G,  H,  suptrior,  middle,  and  inferior  cere- 
beJIar  podimrJes :  J*  fibres  from  the  auditory  nudeus  to  the  inferior  corpus 
quadrigeminum  ;  K.  decussation  of  the  pyramids  in  the  bulb  ;  FV.  fourth 
veatriclc.     The  Roman  numerals  indicate  the  crania]  nerves. 

axons  give  off  numerous  collaterals  soon  after  emerging  from  the 
cells,  and  sweeping  down  the  broad  fan  of  the  corona  radiata, 
passes  through  the  narrow  isthmus  of  the  internal  capsule  into  the 
crusta  of  the  crus  cerebri, and  thence  into  the  pons  (Figs.  292, 293). 
At  this  level,  the  fibres  destined  to  make  connection  with  the 
motor  nuclei  of  the  cranial  nerves  in  the  grey  matter  underlying 
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the  aqueduct  of  Sylvius  and  the  fourth  ventricle  terminate.  Most 
of  these  fibres  decussate  to  end  in  nuclei  on  the  opposite  side, 
but  some  join  nuclei  on  the  same  side.  On  their  way  throu^ 
the  pons  they  send  off  collaterals  to  the  nuclei  pontis.  li^ 
rest  of  the  pyramidal  fibres  run  on  into  the  pyramid  of  the  bulb, 
where  the  greater  part  (usually  about  90  per  cent.)  of  the  fibres 
decussate,  appearing  in  the  cervical  cord  as  the  massive  crossed 
pyramidal  tract  of  the  opposite  side.  A  few  (usually  about 
10  per  cent.)  remain  on  the  same  side  as  the  slendo:  direct 
pyramidal  tract ;  but  the  breadth  of  this  tract  constantly 
diminishes  as  it  proceeds  down  the  cord,  and  it  disappears 

before  the  middle  of  the 
thoracic  region  is  reached, 
its  fibres  continually  de- 
cussating across  the  an- 
terior white  commissure 
and  plunging  into  the 
opposite  anterior  horn. 
lliey  either  end  among  its 
cells,  or,  passing  through 
it,  reinforce  the  crossed 
pyramidal  tract.  The 
fibres  of  this  crossed  tract 
are,  in  their  turn,  continu- 
ally passing  of!  into  the 
grey  matter,  where  they 
break  up  into  terminal 
brushes,  and  thus  make 
connection  either  directly 
or  through  the  interposi- 
tion of  other  neurons  with 
the  cells  of  the  anterior 
horn,  whose  axis-cylinder 
processes  enter  the  an- 
terior roots  of  the  spinal 
nerves.  The  losses  which 
it  suffers  as  it  passes  along 
the  cord  may  be  in  some 
slight  degree  compensated  by  the  bifurcation  of  some  of  its  fibres 
(geminal  fibres),  but  ultimately  the  whole  tract  forms  s>'napses 
with  cells  in  the  gTe>'  matter,  and  dwndles  away  as  the  lumbar 
region  is  reached  (Fig.  -280).  It  has  been  asserted  that  on  their 
way  dou-n  the  cord  the  two  crossed  p\Tamidal  tracts  exchange 
some  fibres  wth  each  other  (recrossed  fibres) ;  and  it  ^^'as  supposeid 
that  this  would  explain  the  escape  in  hemiplegia  (paralysis  of 
one  side  of  the  body)  of  those  nmscles  which  are  accustomed 


Fio.  ag3.— Motor  Pyramidal  Tracts  (Dia- 

GRAHHATIC)  (HaLLIBVRTON  AFTER  GOWERS). 

The  convolutions  are  supposed  to  be  cut 
in  vertical  transverse  section,  the  internal 
capsule,  I,  C,  and  the  crus  in  horizontal 
section.  O,  TH.  optic  thalamus  :  CN.  cau- 
date  nucleus :  L^  and  L3.  middle  and  ex- 
ternal portions  of  lenticular  nucleus  ;  /.  a.  /, 
fibres  from  the  face.  anii.  and  leg  areas  of  the 
ciirtex  respectively  ;  E,  S,  Sylvian  tissure.  The 
iCenu  i>r  knee  of  the  internal  capsule  is  indi- 
cated by  the  asterisk. 
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to  work  with  the  corresponding  muscles  on  the  opposite  side — 
r.^.,  the  respiratory  muscles.  But  although  there  is  no  doubt 
that  such  muscles  are  innervated  to  some  extent  from  both 
cerebral  hemispheres,  this  is  due  not  to  recrossed,  but  to  un- 
crossed {homolateral),  fibres,  whidi  in  the  cord  nin  down  in  the 
lateral  pyramidal  tract,  and  are  represented  by  the  fibres  that 
degenerate  in  that  tract  after  a  lesion  in  the  Rolandic  area  of 
the  same  side  (p.  ^185). 

(2)  A  great  afferent  or  sensory  path  by  which  some  at  least 
of  the  impulses  carried  up  through  the  posterior  roots  of  the 
spinal     nerves,     after 
passing    through  .J 

various  relays  of 
nerve-celb,  reach  the 
cortex  of  the  cere- 
liellum  ;  or  the  upixir 
jx>rtions  of  the  central 
grey  tube,  the  corjwra 
quadrigemina  and 
optic  thalamus  ;  or, 
finally  (through  the 
tegmentum  and  the 
posterior  limb  of  the 
internal  capsule  behind 
the  motor  fibres),  the 
cerebral  cortex  itself. 

The  efferent  pyra- 
midal path  from  the 
cortex  to  the  cord  may 
be  broken  by  two  re- 
lays of  nerve-cells  — 
those  intercalated  cells 
of  Clarke's  column,  to 
which  reference  has 
already  been  made  (p. 
686),  and  the  motor 
cells    of   the    anterior 


Fig.  Z94. — Paths  or  MiODLr  CrRrsiLLAR 

PCPUNCLK    (MlNGA<(INt). 

The  vrheme  indicates  the  allerexit  and  efferent 
paths  which  run  throui;h  the  middle  crrcbellAr 
peduncle,  ooanectinfl[  the  cerebcUuni  with  the 
opposite  side  of  the  cerebrum,  a,  fibre  coming 
from  a  cell  in  the  aucIH  pontis  and  RoinK  to  the 
cerebeUar  cortex  :  6,  fibre  from  a  cell  in 
cortex  of  the  opposite  cerebral  hemispfaei 
making  connection  in  the  pons  vrith  a  {a  and  b 
together  constitute  an  aflcreot  path  to  thr  rere- 
bellum) ;  r,  a  fibre  springing  from  a  Purkin^'s 
cell  in  the  cerebellar  cortex  and  making  connec- 
tion iu  the  poos  with  a  cell  d,  which  sends  itt. 
axon  to  the  cerebral  ccrtex  of  the  opposite  side. 
c  and  d  constitute  an  efferc4it  path  from  the  oerr- 
bellum  to  the  opposite  cerebral  hemisphere  ; 
e,  f,  represent  a  path  coming  from  the  rrrebcllar 
curtex.  which  crosses  the  middle  line  in  the  pons, 
and  then  ascends  till  it  loses  itself  in  the  formatlo 
reticularis. 


horn .  The  axons  of 
these  cells  of  the  vesicular  column  are  of  insignificant  length 
in  comparison  with  those  of  the  two  neurons  which  they  serve 
to  connect.  It  is  not  known  whether  similar  cells  are  inter- 
calated on  the  motor  path  from  the  cortex  to  the  cranial  nuclei. 
The  afferent  path  to  the  cerebral  cortex  is  internipted  by  at 
least  three  relays  with  axons  of  considerable  leniEjth.  One  of 
the  cells  is  situated  in  the  ganglion  on  the  posterior  root,  another 
in  the  medulla,  a  third  in  the  optic  thalamus  ;  and  on  some  of 
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the  routes  anotlier,  or  even  more  than  one,  is  intercalated  between 
the  medulla  and  the  cortex. 

Connections  of  the  Grey  Matter  of  the  Cerebellum  with  the 
Periphery  and  other  Parts  of  the  Central  Nervous  System. — 
N'linifroiis  as  ure  the  nervous  lies  of  the  cerehrAl  cortex,  tht^se  of  the 
grey  matter  of  the  cerebellum  arc.  in  proportion  to  its  mass,  still 
more  extensive,  particularly  as  regards  afferent  fibres,  and  perhaps 
not  less  important. 

SiJcaking  broadly,  we  may  say  that  the  restiform  body  connects 
chiefly  the  dentate  nucleus  and  tlie  grey  matter  of  the  worm  with 
both  sides  of  the  spinal  cord  and  medulla  oblongata,  and  through 
them  with  the  penphcrv.  The  fibres  which  it  receives  from  the 
direct  cerebellar  tract  of  its  own  side,  and  the  gracile  and  cune-ate 
nuclei  of  its  own  and  of  the  opposite  side,  it  carries  to  the  worm  ; 
the  fibres  which  reach  it  from  the  olivary  nucleus  of  the  opposite. 

and  also  in  smaller  numbers  from 
that  of  the  same  side,  run  mainly 
to  the  dentate  nucleus.  All  these 
fibres  arc  afferent  in  relation  to 
the  cerebellum,  but  some  efferent 
fibres  also  run  down  from  the 
cerebellum  in  the  inferior  peduncle 
to  the  opposite  olive. 

The  middle  peduncle  is  in  the 
main  a  link  between  the  cerebellar 
cortex  and  the  cerebral  cortex  of 
the  opposite  side,  through  the  re- 
lay of  the  pontine  grey  matter. 
Most  of  the  nbres  in  it  are  afferent 
in  relation  to  the  cerebeUura.  their 
cells  of  origin  being  situated  in 
the  nuclei  ol  the  pons,  and  sending 
their  axons  across  the  middle  line 
to  end  in  the  cerebellar  cortcx. 
A  few  fibres  which  are  efferent  in 
relation  to  the  cerebellum  are  also 
contained  in  the  middle  T>edunclc. 
D,  Deiters'  nurlcus :  r.  median  They  arise  from  Purkinje's  cclls» 
nucleus  of  auditm-y  nerve:  /.nucleus  cross  the  middle  line  in  the  pons, 
of  the  roof :  g.  nucleus  globosus.  and    then    either    descend  in  the 

lateral  column  ol  the  cord  or  make 
junction  uith  cells  of  the  pontine  grev  matter,  whose  axons  then  pass 
up  in  the  cerebral  peduncle  to  the  great  brain. 

The  superior  jicduncle  connects  chiefly  the  dentate  nucleus  of  one 
side  with  the  cortex  of  the  opposite  cerebral  hemisphere  through 
the  red  nucleus  of  the  tegmentum  of  the  crus  cerebri  and  the 
optic  thalamus  on  the  opposite  side.  The  great  majority  of  its 
fibres  are  efferent  fibres  as  regards  the  cerebellum  —  «>.,  their 
cells  ol  origin  lie  in  the  dentate  nucleus.  Rumiing  upwards  and 
for^s-ards  m  the  superior  peduncle  towards  the  mid-brain  they 
cross  the  middle  Une  below  the  corpora  quadrigcmina,  and  end 
in  connection  with  cells  in  tlic  red  nucleus.  These  cells  give 
off  axons  which  continue  the  path  to  the  neighbouring  optic 
thalamus,  which,  as  we  have  seen,  is  cxlensivMy  connected  with 
Uic  cerebral  cortex.     A  few  of  the  fibres  of  the  superior  peduncle 


Fig.    295- — Direct    Sensorv    Cerk* 

BELtAR    Path    op   EltlNCER. 
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are  aflFerant  as  regards  the  cerebellum.  Their  cells  of  origin.  lying 
prohfibly  in  the  optic  thalamus,  give  off  axons  which  run  through 
the  red  nucleus  without  making  connection  with  it.  and  then  cross 
the  middle  hue  to  gain  the  jx-'duncle.  Since  the  cortex  of  the 
ceiobcllum  is  linked  to  the  dentate  nucleus,  the  superior  peduncle 
aflortls  an  indirect  connection  between  it  and  the  cerebral  cortex. 
Tlirough  the  rcstifortn  body  aflcrcnt  impulses  pass  up  to  the  cere- 
bellum. From  tJie  cerebeUum  they  may  proceed  to  the  cerebrum. 
So  that  the  patli  by  the  restiform  body,  dentate  nucleus,  and 
superior    peduncle    may    form    an    alternative    route    for    afferent 
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Fio.  396. — Diagrammatic   Horizontal  Section  or   LevT  Half  of  Brain  to 
SHOW  Intsrnal  Catsuls. 


impressions  passing  from  the  fieriphcry  to  the  great  brain — a  path 
broken  by  at  least  four  relays  of  nerve-cells.  The  cerebellar  hemi- 
sphere may  be  connected  by  an  efferent  path  through  the  nucletis  of 
Dciters  and  the  dt^sccnding  antero-lateral  tract  with  the  motor  roots 
of  the  same  side.  An  uncrossed  afferent  conn(M:tion  also  exists 
between  the  cerebellum  and  the  vestibular  branch  of  tlic  auditory 
nerve,  through  one  of  its  nuclei  of  origin,  and  also  between  it  and 
the  ruiciri  o(  origin  of  other  cranial  nerves  such  as  the  trigeminus 
and  llic  vagus.  The  fibres  pass  up  in  the  inner  portion  of  the 
inferior  peduncle  (direct  sensory  cerebellar  path  of  Edin^er.  Tig.  205). 

The  Internal  Capsule. — We  have  already  reco^ised  the 
pyramidal  tract  and  the  afferent  tegmental  path  as  constituents 
of  tiic  internal  capbulc.    The  cranial  fibres  of  the  pyramidal 
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tract  or.ciipy  the  genu  (ir  knee,  the  spinal  fibres  the  anterior 
two-tliinls  oi  the  |)Ostenc»r  limb.  The  posterior  third  of  the 
posterior  limb  contains  the  sensory  path.* 

But  we  have  not  yet  exhausted  the  constituents  of  the  internal 
capsule.  Two  great  cones  of  fibres  sweep  down  into  it,  one 
from  the  frontal,  the  other  from  the  occipital  and  temporal 
poitions  of  the  cerebral  cortex.  The  first  passes  through  its 
anterior  limb,  Ihe  second  behind  the  stnsory  j>ath  in  its  posterior 
limb.  The  cells  of  origin  of  the  frontal  fibres  are  known,  and 
those  of  tlie  occipital  and  temporal  fibres  are  supposed,  to  be 
situated  in  the  cortex.  Running  on  through  the  crusta  of  the 
cere'hral    peduncle   (Fig.  200),    the    frontal    tract    internal,    the 


Fig.  ao7- — Association  Fibres  (ArrER  Starr). 

Cerebral  hemisphere  seen  from  the  side.  A,  A,  assnctation  fibres  between 
adjacent  convolutions  :  B,  between  frontul  and  occipital  lobes  t  C,  dngultim. 
connectinK  frontaj  and  teniporO' sphenoidal  lobes  ;  n,  uncinate  fasciculus  between 
frontal  and  temporal  regions  ;  E,  inferior  lon^ntudinal  bundle  between  occipital 
and  temi>oro-spbenoida]  lobe«  ;  O.T.,  optic  thalamus  ;  C.N.,  caudate  nucleus. 

ocdpito-teinporal  external,  they  end  in  the  grey  matter  of  the 
pons»  and  serve  as  one  segment  of  an  extensive  commissural 
connection  between  the  cerebral  and  the  cerebellar  cortex  of 
the  opposite  side,  the  other  segment  being  formed  by  neurons 
whose  cell-bodies  are  situated  in  the  pons,  and  whose  axons, 
crossing  the  inidtUe  line,  pui"sue  their  course  through  the  middle 

•  The  common  statement  that  the  efferent  (motor)  path  occupies  the 
anterior  two-thirds,  and  the  afferent  (sensorv)  path  the  posterior  third  of 
the  posterior  limb  of  the  internal  capsule,  while  no  doubt  true  in  a  general 
sense,  is  not  strictly  correct.  Some  motor  fibres  seem  to  be  intermingled 
with  the  sensory  in  the  posterior  third,  for  lesions  ol  this  region  protluce 
a  certain  degree  of  paralysis  as  well  as  anresthesia  on  the  op]y>site  aide 
of  the  body.  A  pure  capsular  hemian.TSthesia — that  is.  a  loss  ul  sensation 
on  the  opposite  side  due  to  a  lesion  in  the  internal  capsule  and  unaccom- 
panied by  motor  defect — does  not  appear  to  exist. 
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cerebellar  jx^duncle,  to  terminate  as  the  so-called  mossy  fibres 
in  the  supeiiiria.1  grey  matter  of  the  cerebellum.  It  is  evident 
that  (he  junction  of  the  cerebral  cortex  with  this  pontine  grey 
matter,  through  and  into  which  so  many  nerve-tracts  pass, 
multiplies  the  number  oi  possible  routes  by  which  impulses  may 
travel  between  one  part 
oi  the  brain  and  another. 
The  corpus  callosum  forms 
a  mighty  link  between 
the  two  cerebral  hemi- 
sptieres.  And  intertwined 
in  the  corona  radiata  with 
the  callosal  fibres  are 
other  systems,  of  whir,h 
it  is  especially  necessary 
to  mention  ttie  fibres  tJiat 
join  nearly  every  part  of 
the  cerebral  cortex  with 
the  opti'.'  thalamus.  Such 
fibres  pass  from  the  thala- 
mus to  the  frontal  and 
parietal  regions  through 
the  anterior  border  of  the 
internal  ca^isule  in  tront 
of  the  frontal  fibres  pre- 
viously described  as  run- 
ning in  the  anterior  limb 
of  the  ca|5sulp  to  the  jwns ; 
and  from  tiie  thalamus 
to  the  occipital  region 
through  the  extreme  jjos- 
terior  border  of  the  in- 
ternal capsule,  behind  the 
occipital  fibres  that  pro- 
ceeti  to  the  pons.  The 
fibres  that  connect  the 
thalamus  with  the  occi- 
pital cortex  are  spoken  of 
as  the  optic  radiation. 
Some  of  the  fibres  of  the 
optic  radiation,  however, 
proceed,  not  to  the  thala- 
mus, but  to  the  anterior  corpus  quadrigeminum  an<l  the  lateral 
geniculate  body.  The  thalamus  is  also  connected  with  the 
cortex  of  the  temporal  lobe,  with  the  cerebellum,  and  through 
the  fillet  with  the  posterior  part  of  the  tegmental  system,  the 


Flo.      3>S. — FlBRXS       CON.HKCTIKr.       FkoNTAL 

AND     Temporo -OCCIPITAL     I^hk.i     with 

CCREBELLIIM.       ETC.       (DiAURAM)       (HALLI- 
BURTON.   ATrXK    (ioWERS). 

/•>,  fnmtal  ;  Oe,  t-tcripital  IntM' ;  Ihr  iri. 
toTTupled  lilies  indicate  ihr  fibres  (TO  )  ron- 
uccting  thr  cttcrbelluin  and  the  tciup*jr<.>- 
occipital  cortex,  and  the  (ront<>-crrclirllAr 
fibrp«  (FC).  On  (he  Irft  side  th**  i>'taitiiHk 
ol  ihcsf  twii  K<^iU(M  ol  Tihrrs  and  of  the  moinr 
(|i>Tniuid.il)  trart,  PY,  m  the  rrus,  is  indi- 
i4tted  Iiy  letters.  The  p\T3niidiil  trart  l» 
seen  on  the  right  passing  downi  from  the 
KuUndic  area  through  the  postrriur  tiiiib  of 
the  iutemol  capsule  IC  (the  gcnn  tir  knee  of 
which  is  iiidirated  bv  the  .istrriskt  to  de- 
cusnnte  in  thr  butb.  AT.  rt^r^-ndini;  frontal 
coovolution  ;  Al*.  tuKt^ndini;  piinctal  fon- 
vnlution  :  FK,  lissun*  of  Kolandi*  ;  1 PF.  ili- 
traparietat  fissure :  PCF,  precentr.il  ti»ure ; 
Ipt,  crosard  pyruniidal  tract ;  apt,  direct 
pyramidal  tract. 
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medulla  oblongata  and  the  spinal  cord  (p.  684).  It  must  he 
regarded  as  a  great  sensory  centre  through  which  aflerent 
impulses  stream  on  their  way  to  all  parts  of  the  cortex, 

\Ve  have  |Hir|>osely  omitted  to  enumerate  many  other  paths 
In'  which  the  various  tracts  of  grey  matter  in  the  hrain  are 
brought  into  communication  with  each  other,  and  uur  know- 
ledge of  such  connections  is  constantly  augmenting.  When  we 
add  that  not  only  are  the  cerebral  hemispheres  united  by  many 
ties  to  the  subordinate  portions  of  the  ccrebro-spinal  axis  and 
to  each  other,  but  that  cortical  areas  of  one  and  the  same  hemi- 
sphere are  in  communication  by  short  connecting  loops  of 
*  association  '  fibres  (Fig.  207),  it  will  be  seen  that  the  linkage 
of  the  various  parts  of  the  central  nervous  s^'stem  is  extremely 
complex  ;  that  an  excitation,  blocked  out  from  one  path,  may 
have  the  choice  of  many  alternative  routes  ;  and  that  the  ap- 
parent simplicity  and  isolation  of  the  pyramidal  tracts  must  not 
be  allowed  too  far  to  govern  oiu"  views  of  the  possibilities  open  to 
a  nervous  impulse  once  it  has  been  set  going  in  the  labyrinth 
of  the  ner\'ous  network.  Kor  is  it  only  by  the  main  channel 
of  the  axis-cylinder  that  ner\'ous  impulses  can  be  conducted. 
It  cannot  be  doubted  that  they  can  also  pass  along  the  col- 
laterals. And  the  actual  route  taken  by  a  given  impulse  is, 
in  all  probability,  determined  not  only  by  anatomical  relations, 
but  also  by  molecular  conditions.  ]>artirularly  in  the  terminal 
fibrils  of  tiie  axons,  collaterals  and  dendrites,  and  in  the  sub- 
stance, if  such  a  substance  there  be.  which  intervenes  between 
the  end  arborizations  of  a  neuron  and  the  dendrites  or  cell- 
bodies  of  the  neurons  witli  which  they  lie  in  contact.  So  tliat 
a  road  open  at  one  moment  may  be  closed  at  another.  We  may 
suppose  that  the  greater  the  number  of  connections  between 
the  cells  of  the  central  ner\'ous  system,  the  greater  is  the  com- 
plexity of  the  processes  which  may  be  carried  on  within  it. 
And,  indeed,  comparison  of  the  brains  of  different  annuals  shows 
us  that  it  is  not  so  much  by  excess  in  the  number  of  nerve-cells 
as  by  the  increased  complexity  of  linkage,  that  a  highly-de- 
veloped brain  differs  from  a  brain  of  lower  tyi>e  ;  the  higher  the 
brain,  the  more  richly  branched  arc  the  dendrites  and  the 
terminations  of  the  axons  and  their  collaterals,  and,  therefore, 
the  greater  is  the  number  of  jxjssible  paths  between  one  nerve- 
ceU  and  another. 


n 


II.  Functions  of  the  Central  Nervous  System. 

Much  of  our  knowledge  of  the  fimctions  of  the  central  nervous 
system  and  of  its  divisions  has  been  gaineil  by  the  removal  or 
destruction  of  more  or  less  extensive  tracts  of  nervous  substance. 
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or  the  cutting  ofi  of  connection  between  one  part  and  another. 
But  it  is  well  to  warn  the  reader  at  tlie  very  outset  that  in  no 
other  part  of  physiology  is  such  catition  required  in  making 
dtxluctions  as  to  the  working  of  the  intact  tiiechanisin  from  the 
phenomena  which  manifest  tliemselves  after  such  lesions. 

In  the  first  place,  every  operation  of  any  magnitude  on  the  brain 
or  cord  is  immediately  followed  by  a  depression  of  the  functional 
power  of  the  nervous  tissue,  a  deprc^on  which  may  extend  far  from 
the  actual  seat  of  injury  and  manifest  itseU  by  various  phenomena, 
which  are  grouped  together  under  the  name  of  '  shock,'  Thus,  when 
the  spinal  cord  of  a  dog  is  divided,  e.g.,  in  the  dorsal  region,  all 
ixjwcr.  all  Wtality,  one  might  almost  say.  seems  to  be  for  ever  gone 
from  the  portion  of  the  body  below  the  level  of  tlic  section.  The 
legs  hang  limp  and  useless.  Finciiing  or  tickling  them  calls  forth  no 
reftex  movements.  The  vaso-motor  tone  is  destroyed,  and  the 
vessels  gorged  with  blood.  The  urine  accumulates,  overfills  the 
I>aralyzed  bladder,  and  continually  dribbles  away  from  it.  The 
sphincter  of  the  anus  has  lost  its  tone,  and  the  faeces  escape  involun- 
tarily. And  if  we  were  to  continue  o\ir  observations  only  for 
short  time,  a  few  hours  or  days,  we  should  be  apt  to  appraise  at  a' 
very  low  value  the  functions  of  that  part  of  the  cord  which  still 
remains  in  connection  with  the  paralysed  extremities.  Hut  these 
symptoms  are  essentially  temporary.  They  are  the  results  of  shock  ; 
tfiey  arc  not  true  '  deficiency  '  phenomena.  And  if  wc  wait  for  a 
time,  we  shall  find  that  this  torpor  of  the  lower  dorsal  and  lumbar 
cord  is  far  from  giving  a  true  picture  of  its  normal  state  ;  that,  cut 
of!  as  it  is  from  the  influence  of  the  brain,  it  is  still  endowed  with 
marvellous  |M>wcrs.  If  we  wait  long  enough,  we  shall  see  that, 
although  voluntary  motion  never  returns,  reflex  movements  of  the 
hind-limbs,  complex  and  co-ordinated  to  a  high  degree,  are  readily 
induced.  Vaso-motor  tone  comes  back.  The  functions  of  dcfaxra- 
tion  and  micturition  arc  normally  performed.  Erection  of  the 
penis  And  ejaculation  of  the  semea  take  place  in  a  dog.  A  man 
with  complete  i>araiysis  below  the  loins  and  destitute  of  all  sensation 
in  the  paralysed  region  has  been  known  to  become  a  father  (Brachct). 
Pregnancy  carried  on  to  labour  at  full  term  has  been  observed  in  a 
bitch  whose  cord  was  completely  divided  above  the  lumbar  enlarge- 
ment. 

We  cannot  doubt  that  the  spinal  cord  takes  an  important  share  in 
this  recovery  of  function.  But  here  again  it  would  be  erroneous  to 
conclude  tliat  evcr\'tliing  is  due  to  tlie  cord.  For  Goltz  and  Ew.ild 
have  been  able  to  keep  dogs  alive  for  long  periods  after  preUminar\* 
section  ol  the  cord  in  the  cerx'ical  region  and  subsc<.|uent  remov^al  of 
large  portions  of  it.  They  find  that  even  after  destruction  of  the 
lumbar  and  sacral  regions  of  tlie  cord  the  external  sphincter  of  the 
anus,  striped  and  even  voluntar\'  muscle  though  it  be,  regains  its 
tone,  although  it  is  temporarily  lost  aitcr  the  first  cervical  section. 
The  bladder  ultimately  recovers  the  jx>wcr  of  emptying  itself  spon- 
taneously and  at  regular  intervals.  .\  nrcgnant  bitch  m  which  the 
lumbar  enlargt-nieut  and  the  whole  cord  oelow  it  to  the  Oiuda  eauina 
liiid  been  reunjved.  and  therefore  all  the  nerve-roots  supplying 
fibres  to  the  uterus  cut.  whehwd  in  a  normal  manner,  and  the 
corresponding  mammar\'  glamU  behaved  exactly  as  the  rest.  Diges- 
tion went  on  as  usual  when  practically  nothing  of  the  cord  except 
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its  cervical  portion  was  left.  Certain  vaso-niotor  phenomena  were 
also  observed  wliich  suggest  that  the  sympathetic  system,  inde-J 
fwndently  of  the  ccrebro-spiiial  system,  is  itself  possessed  of  regula-' 
tivc  powers  (p.  1  50). 

Secondly,  we  must  not  run  into  the  opposite  error,  and  assume, 
without  proof,  that  all  the  functions  which  the  brain  or  cord  is 
capable  of  manifesting  under  abnormal  circumstances  arc  actually 
exercised  by  either  when,  under  ordinary'  conditions,  it  is  working 
along  with  and  guiding,  or  being  guided  by,  the  other.  For  exiimple, 
in  many  animals  the  reflex  powers  of  the  cord  arc,  if  not  increased, 
at  all  events  more  freely  exercised  when  the  controlling  influence  of  ^ 
the  higher  centres  lias  been  cut  off  than  when  the  central  nervous 
system  is  intact. 

Thirdly,  there  is  another  class  of  phenomena  which  we  must  make 
allowance  for,  and  perhaps  more  frequently  in  the  case  of  patho- 
logical lesions  in  man  than  in  experimental  lesions  in  the  lower 
animals.  This  is  the  class  of  '  irritative  '  phenomena.  The  irrita- 
tion set  up  by  a  blood-clot  or  a  collection  of  pus.  or  in  any  other  way 
in  a  wound  of  the  grey  or  white  matter,  may  cause  a  stimulation  of 
nervous  tracts  by  which,  for  a  time,  the  '  deficiency  *  effects  of  the 
lesion  may  be  masked. 

In  the  fourth  place,  we  must  not  hastily  conclude  that  when  no 
obvious  deficiency  seems  to  follow  the  rcmo\'al  of  a  portion  of 
the  central  nervous  system,  the  function  of  that  jwrtion  must 
necessarily  be  of  such  a  nature  as  to  give  rise  to  no  objective 
signs.  For  we  have  reason  to  believe  that,  to  a  certain  extent, 
the  function  of  one  part  may,  in  its  absence,  be  vicariously  per- 
formed by  another. 

Bearing  in  mind  the  cautions  wc  have  just  been  emphasizing, 
we  mav  broadly  distinguish  between  the  functions  of  the  cord 
(including  tlie  bulb)  and  those  of  the  brain  proper  by  saying 
that  the  cord  is  essentially  the  seat  of  reflex  actions,  the  brain 
the  seat  of  automatic  actions  and  conscious  processes.  But 
neither  of  these  conceptions  is  entirely  correct.  Both  en*  by 
defect  and  bv  excess.  The  brain,  it  is  tjue,  is  pre-eminently 
automatic.  The  movements  which  are  started  in  the  grey 
matter  of  the  cerebral  cortex  are  pre-eminently  voluntary 
(p.  746),  but  we  catmot  deny  to  the  brain  the  possession  of 
reflex  powers  as  well.  The  movements  in  which  the  only  nerve 
centres  concerned  are  those  of  the  spinal  cord  are  above  all  reflex 
(p.  704).  But  some  of  its  centres,  and  especially  those  lying  in 
the  medulla — for  example,  tlie  respiratory  centre — arc,  much  as 
they  are  influenced  by  aflerent  impulses,  capable  of  discharging 
automatic  im])ulses  too.  And  while  consciousness  is  certainly 
bound  up  with  integrity  of  the  brain,  and  in  all  the  higher 
mammals  is  probably  associated  with  cerebral  activity  alone, 
it  has  been  plausibly  maintained  that  the  spinal  cord,  even  of 
such  an  animal  as  the  frog,  is  also  endowed  witli  something 
which  might  be  called  a  kind  of  hushed  consciousness.  If  this 
is  so  for  the  frog,  with  its  distinct  though  relatively  ill-developed 
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cerebral  hemispheres,  it  must  he  still  more  likely  in  the  case  of 
fishes  and  aniiuals  below  them,  which  are  practically  devoid  of 
a  cerebral  cortex  altogether. 


Functions  of  Spinal  Cord  (including  Medulla  Oblongata). 

The  functions  of  the  spinal  cord  may  he  classifie*!  thus  : 

1.  The  conduction  of  impulses  set  up  elsewhere — either  in 

the  brain  or  at  the  jieriphery. 

2.  The   modification    of   impulses   set    up   elsewhere    (reflex 

action). 

3.  The  oriKinati<in  of  impnlsps  (?). 

1.  Conduction  of  Nervous  Impulses  by  the  Cord.— Hie  old 
controversy  as  to  whether  the  white  fibres  of  the  spinal  cord 
are  directly  excitable  may  be  considered  as  definitely  settled  in 
the  affirmative.  The  inquiry  was  complicated  by  the  presence 
of  the  spinal  r(K»ts,  which,  since  the  experiments  of  Charles  Bell, 
have  been  known  to  be  ca})able  of  excitation  by  artificial  stimuli. 
But  at  length  the  difficulty  was  overcome  in  this  way.  The 
posterior  (dorsal)  portion  of  several  segments  of  the  cord  with 
the  attached  posterior  roots  and  the  grey  matter  was  excised. 
Long  strands  of  the  white  matter  of  the  anterior  (ventral) 
portion  of  the  cord  were  isolated,  and  laid  on  electrodes,  and 
contractions  of  muscles  were  seen  to  follow  stimulation,  even 
when  the  anterior  roots  nearest  the  stimulating  electrodes  had 
been  cut,  and  irvery  precaution  taken  to  avoid  escape  of  current 
on  to  the  distant  anterior  roots  of  the  nerves  supplying  the 
muscles.  Indeed,  apart  from  direct  experimental  evidence, 
the  fact  that  the  white  fibres  of  the  brain  are  universally  admitted 
to  he  excitable  by  artificial  means  would  be  of  itself  almost 
sufficient  to  decide  the  questinn,  for  we  know  of  no  essential 
difference  between  the  cerebral  and  the  spinal  fibres.  Hut  the 
conditions  must  rarely  occur  imdcr  which  direct  stimulation 
of  white  fibres  in  their  course  is  |X)ssible  in  the  intact  body  ; 
Hnd  the  only  impulses  with  which  we  need  concern  ourselves 
here  are  those  that  reach  the  conducting  paths  from  grey  matter 
in  the  cord  itself  or  in  the  brain,  or  from  the  jjeripheral  organs. 

\Vliat  sort  of  impulses  do  the  various  tracts  of  the  spinal 
cord  conduct  ?  For  the  dorsal  or  posterior  roots  this  question 
was  first  fully  answered  by  Magendie ;  for  the  ventral  or 
anterior  roots,  although  with  a  certain  degree  of  ambiguity, 
by  Sir  Charles  Bell.  Bell  observed  that  when,  in  an  animal 
just  killed,  he  mechanically  stimulatc^l  the  anterior  roots, 
muscular  contractions  were  obtained  at  each  touch  of  the 
forceps.  He  concluded  that  the  anterior  roots  are  motor  and 
sensory,  while  tlic  posterior  roots  are  '  vegetative  ' — i.e.,  con- 


698 


A   hfANVAL  OF  PHYSIOLOGY 


nected  with  the  functions  of  Uie  viscera,  the  so-called  '  vegeta- 
tive '   organs  ;    but    although  he  is  often  credited  with   the 
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f^ic.  3*99< — SoHE  Possible  Paths  of  ErFEREM  lufbXSKS  in  the  Cintral 
Nervous  Svstkh  (Schematic). 

Details  are  omitted  from  the  scheme.  For  instance,  each  pyramidal  Bhre  is 
represented  as  arborixing  aroiuid  one  aaterior  comual  c^U  only,  and  no  noUaterals 
ore  shown.  The  cells  of  Clarke's  column  intercalated  between  the  pyramidfti 
6bres  and  the  anterior  burn  cells  are  not  shown. 

discovery  of  the  functions  of  the  posterior  roots  as  well,  he 
was  not  the  first  to  make  the  decisive  experiment  necessary 
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to  show  that  they  are  the  conductors  of  sensory  imjjulses.  It 
was  after  Magendie's  discovery  that  only  a  portion  of  the  nerves 
are  sensitive,  and  that  there  are  ner\'es  '  which  are  hke  tendons, 
aponeuroses,  or  cartilages  in  insensibility  '  that  Bell  formu- 
lated the  law  that  the  anterior  roots  are  purely  motor,  the 
l)Osterior  purely  sensory.  This  law,  often  termed.  Bell's  Law, 
is  more  correctly  denominated  the  Bell-Magendie  Law. 

When  the  jxisterior  roots  are  divided,  loss  of  sensation  occurs 
in  the  region  to  which  they  are  distributed.  If  only  one  root 
is  cut,  the  loss  of  sensation  is  never  complete  in  any  part  of  the 
skin  ;  and  Sherrington  has  found  that  the  cutaneous  areas  of 
distribution  of  consecutive  nerve-roots  are  not  {)erfectly  inde- 
pendent, but  to  some  extent  overlap.  Stimulation  of  the  peri- 
pheral end  of  the  divided  posterior  root  has  no  effect.  Stimula- 
tion of  the  central  end  gives  rise,  if  the  animal  be  conscious,  to 
evidences  of  pain,  and  other  signs  of  the  passage  of  afferent 
impulses — e.g.,  a  rise  in  blood-pressure.  The  latter  may  also 
be  observed  when  the  animal  is  amesthetized. 

Referred  Pain. — The  posterior  roots  contain  sensory  fibres  not  only 
for  the  skin,  but  also  for  the  deeper  structures  and  the  viscera.  The 
afferent  fibres  reach  the  viscera  oy  the  svmpathetic.  the  vagus,  and 
the  pelvic  nerves  or  nervi  crigeutcs.  Ueccat  clinical  ot>servations 
have  thrown  much  light  upon  the  distribution  of  the  visceral  fibres 
and  their  relation  to  the  cutaneous  sensory  nerves.  It  hits  long 
been  known  that  m  disease  of  an  internal  organ  the  pain  is  often 
referred  to  some  superficial  part.  It  has  now  t>ccn  demonstrated 
that  each  organ  is  related  to  a  definite  region,  or  more  than  one 
region,  of  the  skin.  In  disease  of  the  organ  the  excitability  for 
ini])n*ssioiis  of  touch  or  temiwraturc  is  increased  in  this  area,  and 
the  reflexes  elicited  by  stimulation  are  exaggerated  (Head.  Dana), 

The  bond  of  connection  appears  to  be  the  origin  from  the  same 
spinal  segments  of  the  autonomic*  sensor^'  fibres  of  any  viscus  and 
the  sensory  supply  of  the  corresponding  cutaneous  area.  The  com- 
mon anatomical  origin  seems  to  carry  with  it  a  physiological]  corre- 
lation, cither  because  the  irritation  of  the  visceral  fibres  spreads  in 
the  cord  to  the  somatic  afferent  fibres  which  enter  the  corresix>nding 
segments,  or  because  of  some  action  higher  up  in  the  cerebral  centres, 
the  nature  of  which  will  be  best  considered  along  with  the  general 
topic  of  the  localization  of  scnsor>'  impressions  (Chap.  XIII.). 

Recurrent  Sensibility. — Although  muscular  contraction  is 
the  most  conspicuous  event  that  follows  stimulation  of  the 
peripheral  end  of  an  anterior  nerve-root,  it  is  by  no  means  the 
only  one.  It  is  frequently  observed,  though  not  in  all  kinds  of 
animals,  that  here,  too,  pain  is  caused.    That  this  puin  is  not 

•  Lan»{lcv  uses  the  term  autonomic  nervous  system  to  include  the 
nerve  supply  of  lieart  muscle,  all  unstriatetl  muscle,  and  all  ^tand  ceXH 
in  the  Ijody.  It  embraces,  in  addition  to  the  t.yni|>athttic.  cranial 
autonomic  ftbrcs  m  several  of  the  cranial  orrveii  and  sacral  autonomic 
fibres  in  the  nervi  erigeutes. 
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due  to  the  muscular  contraction  is  proved  by  the  fact  that 
can  still  be  elicited  when  the  nerve-trunk  is  divided  between  the' 
junction  of  the  roots  and  the  periphery.  The  real  explanation 
of  the  phenomenon  is  that  certain  fibres  from  the  post* 
roots  (*  recurrent  tibres/  see  footnote  on  p.  609)  bend  up 
some  distanca  into  the  anterior  roots,  and  then  turn  rot 
again  and  pursue  their  course  to  their  peripheral  distribution^ 
in  tlie  mixed  ner\'e,  or  run  on  in  the  motor  roots  to  supply  the 
sheath  surrounding  them  (nervi  nervorum),  and  even  the  mem- 
branes of  the  spinal  cord. 

The  afferent  impulses  that  enter  the  cord  along  the  pos- 
terior roots  have  the  choice  of  many  paths  by  which  tliey  maj 
reach  the  brain. 

( I )  They  may  pass  directly  up  through  the  postcro-nicdian  columi 
If  they  take  this  route,  their  course  wit!  be  first  interrupted  by  ncr\'< 
cells  in  the  gracilc  or  cuncate  nuclei  in  the  medulla  oblongata. 

{a)  Thence  they  may  find  their  way  across  the  middle  Unc  by  tl 
arcuate  fibres  of  the  upper  or  sensory  decussation,  and  swecpii 
along  the  fillut  and  llie  lonKitudmal  fibres  of  the  reticular  formatii 
of  medulla,  puns,  and  crus,  and  the  sensor\'  path  in  the  hinder  third* 
of  the  posterior  Unib  of  the  Internal  capsule,  finally  arrive  at  the 
cerebral  cortex.     Between  the  gracile  and  cuneate  nuclei  and 
cortex  they  pass  through  nerve-cells  in  the  optic  thalamus  and  th 
neighbouring  region. 

t^)  They  may  go  from  the  gracile  and  cuneate  nuclei  to  the  rcsl 
form   body   of   the  same   or   the  opjxisite  side,  and   tlicncc   to 
cerebellum,  in  whose  superior  or  middle  peduncles  they  may 
the  middle  line  and  proceed  to  the  cerebral  cortex. 

{2)  Thev  may  pass  up  by  the  direct  cerebellar  tract  and  rcstifoi 
body  to  the  superficial  grey  matter  of  the  cerebellar  worm.      II  ll 
take  this  route  their  course  will  be  interrupted  very  soon  after  thoi 
entrance  into  the  ojrd  in  the  cells  of  Clarke's  column.     Since  tl 
superficial  grey  matter  of  the  vermis  is  connected  by  associati 
fibres  wth   the  dentate  nucleus,  and    the  dentate  nucleus    hy 
superior  peduncle  wth  the  opposite  cerebral  hemisphere,  this  is 
a  possible  path  to  the  great  brain. 

{3)  They  may  reach  the  a ntcro -lateral  ascending  tract  of  the  sami 
side  through  its  cells  of  origin  in  the  spinal  grey  matter,  and  ).iasbm| 
through  the  medulla  and  pons  to  the  superior  peduncle  of  the  c< 
bellum,  enter  the  grey  matter  of  the  superior  worm, 

(4)  They  may  cross  the  middle  line,  after  entering  the  cord,  througl 
axons  or  collaterals  (p.  681)  which  run  in  the  anterior  and  also 
the  posterior  commissure,  enter  one  of  the  ascending  tracts  on  tl 
other  side — e.g.,  tlie  tract  of  Gowcrs — and  continue  without  furthi 
decussation  up  to  their  central  destination. 

(5)  They  may  spread  from  neuron  to  neuron  in  the  tangle  ol 
grey  matter  itself,  and  pass  out  again  at  a  different  level  into  one 
the  white  tracts  on  the  same  or  on  the  opposite  side  ol  the  conl. 

Efferent  impulses,  ori^nating  in  the  brain,  may  travel  : 

(1 )  Througli  the  direct  or  crossed  p>Tamid  .1  tract. 

(2)  From  one  side  of  the  cerebral  cortex  to  the  other,  and 
down  the  pyramidal  tracts  corresponding  to  that  side  (?). 
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(3)  From  the  frontal  part  of  the  cerebral  cortex,  through  the 
anterior  limb  of  the  internal  capsule  to  the  grey  matter  in  the  pons, 
and  thence  to  the  cerebellum  by  its  middle  peduncle. 

(4)  From  the  occipital  or  temporal  cortex,  in  the  hinder  rim  of  the 
internal  capsule  to  the  pontine  grey  matter  and  through  the  middle 
peduncle  to  the  cerebellum.  From  the  cerebellum  they  may  possibly 
pass  down  to  the  nucleus  of  Deiters  and  thence  along  the  antero- 
lateral descending  tract  to  the  anterior  horn  of  the  cord,  and 
indirectly  to  the  periphery. 

All  the  paths  enumerated,  as  well  as  others  to  which  it  would 
be  tedious  to  formally  refer,  and  which  the  ingenuity  of  the 
reader  may  profitably  be  employed  in  constructing  for  himself, 
from  the  data  already  given,  are  to  be  looked  upon  as  possible 
channels  for  the  passage  of  impulses  between  the  brain  and  the 
periphery.  But  it  must  be  distinctly  f>ointed  out  that  what  is 
certain  is  in  this  case  much  more  limited  than  what  is  possible. 
Among  the  efferent  paths  it  is  certain  that  the  pjrramidal  tracts 
are  the  conductors  of  voluntary  motor  impulses,  and  that  in 
most  individuals  the  great  majority  of  such  impulses  decussate 
in  the  medulla  oblongata,  only  a  small  minority  in  the  cord. 
For  a  lesion  involving  the  pyramidal  tract  above  the  decussation 
of  the  pyramids  causes  paralysis  of  the  opposite  side  of  the 
body,  a  lesion  below  the  decussation  paraljrsis  of  the  same  side. 
It  is  not  certain,  although  it  is  possiblcj  that  when  one  pyramidal 
tract  has  been  destroyed,  in  some  animals  at  least,  the  motor 
cortex  from  which  it  leads  may  to  a  certain  extent  place  itself 
again  in  communication  with  the  paralyzed  muscles  through  its 
commissural  cormections  with  the  opposite  hemisphere. 

Decussation  of  the  Sensory  Paths. — On  the  other  hand, 
it  is  certain  that  pathological  or  traumatic  lesions,  apparently 
involving  the  destruction  of  one  lateral  half  of  the  cord  in  man 
and  experimental  semisections  in  some  mammals,  are  followed 
by  s5miptoms  which  suggest  that  the  sensory  impulses  decus- 
sate chiefly  in  the  spinal  cord — viz.,  diminution  or  loss  of  sen- 
sibility on  the  opposite  side  below  the  level  of  the  lesion,  with 
little  or  no  impairment,  and  often  increase  of  sensibility  (hyper- 
festhesia)  on  the  same  side. 

This  was  first  pointed  out  by  Brown-S6quard,  although  long  after 
he  saw  cause  to  retract  this  interpretation  of  his  experiments. 
While  it  may  be  true  that  in  man  these  symptoms  have  not  been 
rigidly  demonstrated  to  be  associated  with  a  clean-cut  lesion  pre- 
cisely limited  to  one-half  of  the  cord,  clinical  observation  has  on  the 
whole  tended  to  confirm  the  view  that  an  important  ])ortion  of  the 
sensory  path  decussates  in  the  cord.  But  it  is  a  curious  circumstance 
that  experimental  physiologists  have  for  the  most  part  obtained 
contradictory  results.  Thus  Mott,  working  with  monkeys,  found 
that  sensation,  far  from  being  abolished,  is,  as  a  rule,  impaired 
in  a  smaller  degree  on   the  side   opposite   to  the  semisection  than 
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oa  the  same  side,  while  Ferrier  and  Turner  obtained  the  contrary 
result.  The  discovery  that  no  ascending  degeneration,  or  only  a 
trifling  amount,  is  to  be  found  on  the  opposite  side  of  the  cord, 
either  after  semisection  or  after  di\*ision  of  ix)sterior  roots,  docs  not 
of  itself  enable  us  to  decide  the  question.  For  while  this  latter  fact 
shows  that  few  or  none  of  the  afferent  fibres  cross  the  middle  tine 
to  enter  the  long  conducting  paths  before  being  interrupted  by 
nerve-cells,  it  by  no  means  proves  that  afferent  impitises  do  not 
decussate  in  the  cord.  And,  indeed,  we  know  that  some  afferent 
impulses  d'j  decussate  far  below  the  level  of  the  mcduUa.  For, 
(0  A  part  ui  the  action  current  (p.  646)  crosses  the  middle  line  and 
ascends  in  the  opposite  lialf  of  the  cord  when  the  central  end  of  one 
sciatic  is  stimulated  (Gotch  and  Horsley).  (2)  Crossed  reflex  move- 
ments are  possible  :  and  when  excitation  of  tlie  central  end  of  the 
sciatic  is  followed  by  contraction  of  the  muscles  of  the  opposite 
fore-limb,  the  afferent  impulses  must  cither  decussate  in  the  lumbar 
cord,  and  then  run  up  on  the  opposite  side  to  the  level  of  the  brachial 
plexus,  or  must  ascend  on  the  same  side  and  cross  over  somewhere 
Detween  the  plane  of  the  sciatic  and  the  brachial  nerve-roots.  The 
only  other  hypothesis  on  wliich  crossed  reflex  action  can  be 
explained — but  a  hypothesis  for  which  there  is  not  a  tittle  of  evidence 
— IS  that  t!ie  afferent  impulse  always  acts  on  motor  cells  whose  axis- 
cyhndcr  processes  pass  over  to  the  opposite  side,  and  there  enter 
anterior  nerve-roots.  But  while,  for  these  reasons,  it  cannot  be 
denied  that  some  afferent  impulses  decussate  in  the  cord,  it  would 
be  an  error  to  conclude  that  all  do  so  in  any  animal,  or  that  all 
animals  are  in  tliis  respect  alike.  It  is  indeed  extremely  probable 
that  in  different  species  of  animals,  and  even  in  individuals  of  tlie 
same  species,  there  arc  considerable  differences  in  the  extent  of  the 
sensory  decussation  in  the  cord,  just  as  there  are  in  the  extent  of  the 
motor  decussation  in  the  bulb.  In  some  animals  the  greater  part  of 
tlie  sensory  path  may  decussate  in  the  cord  ;  in  others  {in  the  monkey, 
for  instance),  the  greater  part  may  decussate  in  the  bulb,  or  higher 
up.  The  lack  of  agreement  in  the  experimental  results  may  be  due 
partly  to  this  cause.  When  it  is  further  remembered  how  difficult 
it  sometimes  is  to  interpret  the  account  which  a  man  gives  of  his 
sensations  and  to  recognise  precisely  the  degree  and  nature  of 
sensory  defects  prrwluced  by  disease  in'the  human  subject,  it  \v\\\  not 
be  thought  surprising  that  experiments  on  animals,  from  the  time 
of  Galen  onwards,  should  have  yielded  evidence  which,  although 
perhaps  now  at  length  tending  to  a  definite  result,  is  still  unfinished 
and  in  part  conthcting. 

If,  leaving  them  out  of  account^  not  as  valueless  but  as  stiQ 
difficult  of  interpretation,  we  attempt  to  draw  any  general 
Conclusion  from  the  clinical  obser\-ations  which,  however  im- 
perfect, are  in  such  questions  our  surest  guide,  it  can  only  be 
this,  that  in  man  sotne  of  Die  sensory  impulses,  and  particularly 
Ihose  connccied  with  Ifte  cutaneous  sensaiions  of  pain  and  tempera- 
lure,  seem  to  decussate^  in  part  at  leaat^  in  the  cord.  Bui  there  is 
also  evidence  that  some  afferent  impulses^  including  those  coming 
from  the  muscles  and  related  to  the  muscular  sense^  and,  U  may  be, 
some  of  the  iinpulses  associated  with  pain,  decussate,  not  in  tJu 
cord,  but  in  the  bulb. 
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The  Paths  for  Different  Kinds  of  Sensory  Impressions. — If  this  is 
the  state  of  our  knowledge  where  the  iiroblein  is  merely  to  determine 
the  crossing-place  of  aifercnt  impulses  which  are  certainly  known 
to  cross,  it  is  only  to  be  expected  tluit  we  should  be  still  more  in 
the  dark  as  regards  the  routes  by  which  different  kinds  of  afferent 
impulikjs  threiid  their  way  through  the  maze  of  conducting  paths  in 
the  neural  axis  to  reach  their  planes  of  decussation  and  gain  the 
*  sensory  crossway  '  in  the  internal  capsule.  Some  authors  have 
indeed  cut  the  Gordian  knot  by  assuming  that  any  kind  of  sensory 
impression  may  trnvcl  up  any  afferent  path.  Direct  stimulation  of 
a  nakrd  nerve-trunk,  it  has  been  argued  in  favour  of  this  view,  gix-es 
rise  to  a  sensation  of  pain  ;  stimulation  of  the  skin  in  which  the 
end-organs  of  the  nerve  Ue  gives  rise  to  a  sensation  of  touch  or  a 
sensation  of  temiicralure,  according  as  the  stimulus  is  a  mild 
mechanical  or  a  thermal  one.  the  contact  of  a  feather  or  of  a  hot 
test-tube.  Why,  it  has  been  asked,  should  we  imagine  that  the 
difference  in  tlie  result  of  stimulation  depends  on  a  difference  in 
the  nerve-fibres  excited,  and  not  on  a  difference  in  the  kind  of 
impulses  set  up  in  the  same  nerve-fibres  ?  This  is  a  question  which 
wo  shall  h'lvc  again  to  discuss  (p.  764).  But  apropos  of  our  present 
l)robtcm,  we  may  say  tliat  there  is  very  clear  proof  from  the  patho- 
logical side  tliHt  a  limited  lesion  in  the  conducting  paths  of  the 
central  nervous  system  may  be  associated  with  defect  or  total  loss 
of  one  kind  of  sensation,  wliile  all  the  other  kinds  remain  intact. 
And  there  seems  no  other  tenable  hypothesis  tlian  that  in  such 
cases  the  pathological  change  has  picked  out  a  particuUr  group  of 
fibres,  cither  collected  into  a  single  strand  or  scattered  among 
unaltered  fibres  of  different  function.  For  example,  in  locomotor 
ataxia,  a  disease  in  wliich  inco-ordination  of  movement  and  derange- 
ment of  the  mechanism  of  equilibration  arc  prominent  symptoms, 
degeneration  in  the  posterior  column  of  the  cord  is  a  most  constant 
lesion.  .\nd  there  is  strong  evidence  that  afferent  impulses  from 
muscles  and  tendons,  which  either  give  rise  to  impressions  belonging 
to  the  group  of  tactile  sensations,  or  produce  no  effect  in  conscious- 
ness, and  wliich.  according  to  the  most  widely  accepted  doctrine, 
serve  as  the  basis  of  the  muscular  sense,  and  pLiy  an  important  part 
in  the  maintenance  of  equilibrium  (p.  73^),  pass  up  in  the  posterior 
column.  It  may  also  conduct  tactile  impressions  from  the  skin. 
A  case  has  been  observed  where  a  man  received  a  stab  which  divided 
the  whole  of  one  side  of  the  cord  and  the  posterior  column  of  the 
other  side.  Sensibility  to  touch  was  lost  on  both  sides  of  the  body 
below  the  level  of  the  injun,*,  sensibility  to  pain  only  on  the  side 
opposite  to  the  main  lesion.  In  another  Civse,  in  which  some  small 
sypliilitic  tumours  (gummata)  in  the  lateral  column  on  the  left  side 
caused  marked  degeneration  in  the  left  direct  cerebellar  tract,  the 
tract  of  (iowers,  and  the  crossed  pyramidal  tract,  without  affecting 
the  posterior  columns,  tactile  sensibility  was  only  slightly  mipaired 
in  the  opposite  leg,  while  the  scnsibiUty  for  pain  and  temperature 
was  much  enfeebled.  In  the  left  leg,  which  was  panUyzed,  there 
was  slight  liypera»thesia.  These  observations  indicate  that  impres- 
sions o?  pain  and  temperature  pass  up  in  the  an tero- lateral  column, 
either  in  the  tract  of  Gowers,  or  in  the  direct  cerebellar  tract,  or  in 
both  (Dejerine  and  Thomas). 

But  it  does  not  follow  tliat  they  cannot  ascend  by  other  paths 
M  well,  it  ai»iieiirs  indeed  that  the  grey  matter  of  the  cord  is  such 
a  path,  and  tliat  impulses  wliich  give  rise  to  pain  can  be  propagated 
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along  a  cord  in  which  hardly  a  vestige  of  white  substance  remaixis 
uncut.  The  observations  of  Langendorff,  who  found  that  when 
the  blood-supply  of  the  lower  ]>f>rtion  of  the  spinal  cord  is  tempor- 
arily cut  off  by  ligation  of  the  abdominal  aorta  (Stcnson's  experi- 
ment) tactile  stimulation  of  the  posterior  portion  of  the  animal 
causes  no  rise  of  blood -pressure  and  no  movements,  have  led  him 
to  the  conclusion  that  the  impulses  caused  by  such  excitation  have 
also  to  pass  through  the  grey  matter  of  the  cord  on  their  way  to  the 
brain.  But  this  conclusion  cannot  be  accepted  :  for  it  is  based  on 
the  assumption  that  only  the  grey  matter,  and  not  the  white,  is 
rendered  non-conducting  by  anaemia.  Hering  and  others  have 
shown  that  the  white  suffers  as  well  as  the  grey,  although  it  may  not 
be  so  easily  destroyed,  and  may  recover  more  readily  when  the 
blood-flow  IS  restored  (p.  658).  The  afferent  paths  for  such  vaso- 
motor reflexes  as  arc  elicited  by  stimulation  of  the  central  end  of  the 
sciatic  ascend  in  the  lateral  column,  and  the  impulses  largely  cross 
the  middle  line  in  the  cord. 

The  posterior  columns  liave  nothing  to  do  with  the  conduction  of 
painful  impressions,  for  division  of  them  caiises  not  ansesthesia.  but 
rather  hyperesthesia,  while  if  they  are  left  intact,  and  the  rest  of 
the  cord,  including  the  grey  matter,  divided,  the  animal  is  insensitive 
to  pain  below  the  level  of  the  lesion. 

The  impulses  which  descend  the  cord  give  token  of  their  arrival 
at  the  peripherv*  by  causing  either  contraction  of  voluntary  muscles, 
or  contraction  of  the  smooth  muscular  fibres  of  arteries,  or  secretion 
in  glands.  They  all  pass  down  in  the  antero-lateral  column,  but  the 
path  of  the  voluntary'  impulses  in  the  p>Tamidal  tracts  is  the  best 
known  and  most  sharply  defined. 

2.  Modification  of  Impulses  set  up  elsewhere  (Reflex 
Action). — The  spinal  cord,  althoiigh  it  is  a  condnctor  of  nervous 
impulses  originating  elsewhere,  is  by  no  means  a  mere  con- 
ductor. Many  of  the  impulses  which  fall  into  the  cord  are 
interrupted  in  its  grey  matter.  Some  of  the  efferent  impulses 
proceeding  from  the  brain  are  perhaps  modified  in  the  cord, 
and  then  transmitted  to  the  muscles.  Some  of  the  afferent 
impulses  are  mo<iihed,  and  then  transmitted  to  the  brain  ; 
some  are  modified,  and  deflected  altogether  mto  an  efferent 
path.  These  last  are  the  impulses  which  give  rise  to  reflex 
effects.  Strictly  speaking,  a  reflex  action  is  an  action  carried 
out  in  the  absence  of  consciousness  ;  not  necessarily,  however, 
in  the  absence  of  general  consciousness,  but  in  the  absence  of 
consciousness  of  the  particular  act  itself.  But  the  term  is  often 
used  so  as  to  embrace  all  kinds  of  actions  which  are  not  directly 
voluntary',  whether  the  individual  is  conscious  of  them  or  not. 
For  example,  when  the  sole  of  the  foot  is  tickled,  the  leg  is  irre- 
sistibly and  involuntarily  dra\\Ti  up  by  reflex  contraction  of 
its  muscles  ;  yet  the  person  is  perfectly  cognisant  both  of  the 
movement  and  of  the  sensation  which  accompanies  the  afferent 
impulse.  Then  there  is  a  class  of  reflex  actions  in  which  con- 
sciousness is  entirely  in  abeyance  ;  during  sleep  most  of  the 
ordinary  reflexes  can  be  elicited. 
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Inhibition  of  Reflexes. — Normally,  it  is  believed  that  reflex  mo^'e- 
mcnt.s  arc  governed  by  impulses  descending  from  the  higher  centres, 
for  (a)  it  is  a  matter  of  common  experience  that  a  reflex  movement 
may  be  to  a  certain  extent  controlled,  or  prevented  altogether  by  an 
effort  of  the  will,  and  it  is  worthy  of  remark  that  only  movements 
which  can  be  volimtarily  produced  can  be  voluntarily  inhibited  : 
[b]  an  animal  like  a  frog  responds  to  stimuli  by  retlcx  movements 
more  rcedily  after  the  medulla  oblongata  has  been  divided  from 
the  spinal  cord  ;  (c)  long-continued  muscular  contractions  may  be 
causcrl  in  animals  after  removal  of  the  cerebral  hcmisplieres  by 
stimulation  of  sensory  nerves — for  example,  by  scratching  the  mucous 
membrane  of  the  mouth  in  a  "  brainless  '  frog  or  Necturus  ;  (rf)  by 
stimulation  of  certain  of  the  higher  centres  reflex  movements  which 
would  other^vise  be  elicited  may  be  suppressed  or  greatly  delayed. 
If  the  cerebr.U  hemispheres  are  removea  from  a  frog,  and  one  leg  of 
the  animal  dipped  into  dilute  acid,  a  cert.un  inter\al,  the  (uncor- 
rected) reflex  time,  will  elapse  before  the  foot  is  drawn  up  (p.  775). 
If,  now,  a  crystal  of  common  salt  be  apphcd  to  the  optic  lobes  or  the 
upper  part  of  the  spinal  cord,  and  the  experiment  repeated,  it  will  be 
found  cither  tluit  the  interval  Ls  much  lengthened  or  that  the  reflex 
db^appoars  altogether.  Strong  stimulation  of  any  afferent  nerve 
will  also  abolish  nr  delay  a  reflex  movement. 

Dependence  of  the  Spinal  Reflexes  on  the  Brain. — That  the  brain  — 
in  nutn  and  the  liigher  animals  at  least — exerts  more  than  a  merely 
inliibitory  influence  on  the  production  of  reflex  movements  is 
suggested  by  many  facts.  The  knee-jerk,  for  example,  is  increased 
or  '  reinforced'  if  an  instant  before  the  tendon  is  struck  the  patient 
makes  a  voluntary'  movement  or  is  acted  on  by  a  scnsorj'  stimulus. 
It  often  disa])pears  in  patliological  lesions,  situated  high  up  in  the 
cord  in  man.  and  is  markedly  impaired  after  high  section  of  the  cord 
in  dogs.  In  hemiplegia  (paralysis  of  one  side  of  the  body,  caused 
by  disease  in  the  brain)  the  cutaneous  reflexes  on  the  paralyzed  side 
may  sometimes  be  absent  for  years.  Some  obser\-ers  ha\'e  even 
gone  so  far  as  to  say  tliat,  under  normal  conditions,  the  so-called 
spinal  reflexes  are  really  cerebral — in  other  words,  that  the  afferent 
impulses  run  up  to  the  cortex  of  the  brain  and  there  discharge 
efferent  impulses,  which  pass  down  to  the  motor  cells  of  the  anterior 
horn  and  cause  their  discharge.  It  may  be  admitted  tl\at  there  is  no 
physiological  ground  for  supposing  that  the  afferent  impulses  which 
have  to  do  with  the  reflex  contraction  of  the  muscles  of  the  leg  when 
the  sole  is  tickled,  stop  short  at  the  motor  celb  of  those  spinal 
segments  from  which  the  efferent  nerves  come  off,  while  the  afferent 
impulses  which  have  to  do  with  the  sensntion  of  tickling  pass  up  to 
the  brain.  The  probability  is  that  under  ordinary  circumstances 
such  afferent  impulses  pass  up  the  cord  in  long  afferent  paths,  as  well 
as  directly  towards  the  motor  cells  along  those  fibres  of  the  posterior 
roots  and  their  collaterals  which  bend  forward  into  the  anterior  horn 
at  the  level  of  their  entrance  into  the  cord.  And  the  nnlv  question 
is  whether,  as  a  matter  of  fact,  the  spinal  motor  cells  are  most  easily 
discharged  by  the  impulses  that  re^ch  them  directly,  or  by  the 
impulses  that  come  down  to  them  by  the  roundabout  way  of  the 
corte.N  and  the  efferent  fibres  tliat  connect  it  with  the  cord.  It  is 
evident  that  the  answer  to  this  question  need  not  Ix;  the  same  for 
all  kinds  of  animals.  It  may  well  be  that  in  the  higher  animals, 
in  which  the  cortex  has  undergone  a  relatively  great  development, 
the  spinal  motor  mechanisms  arc  more  easily  discliargcd  from  above 
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than  Jroni  below,  while  in  lower  animals  the  op]X)site  may  be  tb 
case.  When  the  cord  is  cut  off  from  the  brain,  the  afferent  impulse* 
may  overflow  more  easily  into  the  spinal  motor  cells  since  their 
alternative  path  is  blocked.  In  the  frog,  where  there  is  alreadv  a 
beaten  track  between  the  jwsterior  root-fibres  and  the  cells  of  the 
anterior  horn,  this  overflow  may  be  established  immediately  after 
section  of  the  cord,  and  may  of  itself  lead  to  an  exaggeration  of  th 
reflexes.  In  animals  hkc  the  dog  a  longer  time  may  be  necessa 
before  the  nnaccustomed  route  from  the  end  arbonzations  of  th 
afferent  axons  and  their  collaterals  to  the  dendrites  or  the  bodies  « 
the  motor  cells  becomes  natural  and  easy  ;  in  man  a  still  long< 
interval  may  be  required.  Moore  and  Oextel  have  made  a  careful' 
comparative  study  of  reflex  action  after  complete  section  of  the 
cord  in  the  ccr\-ical  or  upper  dorsal  region,  and  conclude  that  the 
spinal  reflexes  in  the  higher  animals  are  far  more  dependent  on  th 
upper  j>ortionb  of  the  central  nervous  system  than  in  the  frog. 

In  order  that  a  refiex  action  may  take  place,  the  reflex  arc 
afferent   nerve,   central   mechanism,   and  efferent   nerve — miis 
be  complete  ;  and,  in  fact,  a  whole  series  of  smiplc  reflex  move 
ments  exists,   the  suppression,  diminution,   or  exaggeration  of 
which  can  be  used  in  diagnosis  as  tests  of  the  condition  of  the 
reflex  arc.     Such  are  the  plantar  reflex  (the  drawing-up  of  the 
foot  when  the  sole  is  tickled),  the  cremasteric  reflex  (retraction 
of  the  testicle  when  the  skin  on  the  inside  of  the  thigh  just  below 
Poupart's  ligament   is  stroked,   especially   in   boys),   the   knee* 
jerk  (a  sudden  extension  of  the  leg  by  the  rectus  femoris  muscle 
when   the  ligamentum   pateike  is  sharply  struck),   the  gluteal^ 
abdominal,    epigastric,    and    interscapular    reflexes    (contraction 
of  the  niusdes  in  those  regions  when  the  skin  covering  them  i 
tickled).    The  jaw-jerk  (a  movement  of  the  lower  jaw  when, 
with  the  mouth  open,  the  chin  is  smartly  tapjied)  and  ankle 
clonus  (a  series  of  spasmodic  movements  of  the  foot,  hrought 
about  by  flexing  it  sharply  on  the  leg)  are  phenomena  of  the 
same  class,  which  ran  be  elicited  only  in  disease.     Any  condition! 
which  impairs  the  conducting  power  of   the  afferent  or  efferent 
fibres  of  the  reflex  arc  necessarily  diminishes  or  alwlishes  the 
reflex  movement,  even  if  the  centre  is  intact,     £.;?..  in  locomotor 
ataxia  the  disappearance  of  the  knee-jerk  is  one  of  the  most 
important  diagnostic  signs.     This  disease  involves  the  jwsterior 
roots  and  the  hbres  that  continue  them  in  tlte  posterior  column. 
The  anterior  nerve-roots  are  perfectly  healthy.    The  grey  matte 
of  the  cord — at  least,  in  the  earlier  stages  of  the  disease — i 
imaffected.     The  weak  link  in  the  chain  is  the  afferent  path 
In  anterior  poliomyelitis  (p.  (i8())  tlie  afferent  link  is  intact,  hu 
the  other  two  are  broken,  and  the  reflexes  also  disappear.    Cer 
tain  lesions  which  cut  off  the  spinal  cord  from  the  higher  centre 
without  affecting  the  integrity  of  the  reflex  arcs  increase  th 
strength  of  reflex  movements  and  the  facility  with  which  the 
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are  called  forth.     In  paraplegia^  e.g.  (parah'sis  of  the  legs  and 

the  lower  portion  of  tJie  body),  caused  suddenly  by  accident  to 

the  cord.  f>r  more  slowly  by  acute  or  chronic  transverse  myelitis. 

or   in   hcitnpUgia,   the   knee-jerk   can   usually   be  elicited   with 

startling  i>romptitude  and  exaggeration,  and  ankle-clonus  may 

also    be    obtained.     In    primary    spastic    paraplegia,    which    is 

associated    with    degenerative 

changes  in  the  lalf^ral   cobnuns, 

a   similar    increase    in    tlie    true 

and  pseudo-reflexes  may  be  seen, 

due  either  to  the  cutting  off  of 

inhibitory    impulses    or    to    an 

actual    increase    of    excitability 

in  the  grey  matter  of  the  cord. 

The   position   of    the   centres   in 

the  cord   for  the  various  simple 

reflex    movements    is    shown    in 

Fig.  300. 

Myotatic  Irritability  (Muscle 
Reflex).  —  Although  for  con- 
venience of  treatment  we  have 
incUided  the  knee-jerk  (with  the 
jaw  -  jerk  and  ankle  -  clonus) 
among  reflex  movements,  it 
might  more  properly  be  termed 
a  pseudo-reflex,  for  there  is  evi- 
dence that  the  mechanism  by 
which  it  is  produced  is  different 
from  that  concerned  in  the  reflex 
blinking  of  the  evelid,  or  the 
reflex  retraction  of  the  testicle, 
or  the  drawing-up  of  the  foot 
when  the  sole  is  tickled.  The 
strongest  i>art  of  this  evidence 
is  the  fact  tha t  t he  in ter\'al 
which  elapses  between  the  tap 
and  the  jerk  {jiJo  to  if^  second) 
is  distinctly  shorter  than  the 
reflex  time  of  the  extremely 
rapid  lid  -  reflex,  and  is  not  much  greater  than  the  latent 
periixi  of  the  quadriceps  mus:le  for  direct  electrical  stimula- 
tion, as  measured  under  the  ordinary  conditions  of  its  con- 
traction. The  knee-jerk  is  obtained  in  undiminished  strength 
when  the  nerves  of  the  tigamentuni  jutell.T  have  been  divided. 
It  is  therefore  not  a  reflex  movement  caused  by  stimulation  of 
afferent  nerves  coming  from  the  tendon,  and  the  name  '  tendon- 
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refiex '  ij  clearly  a  misnomer.  But  that  it  is  related  in  some 
way  or  other  to  afferent  impulses  is  certain,  for  division  o 
the  j)Osterior  roots  that  enter  into  the  anterior  crural  ner\-' 
alx>lishes  t!ic  knee-jerk.  The  phenomenon  comes  under  the 
head  of  what  by  some  authors  is  callerl  myotatic  irritability — 
that  is,  it  depends  on  mechanical  stinuiiation  of  the  slightly- 
stretched  muscle  by  the  pull  of  tlie  tendon  when  it  is  struck. 
It  is  necessary  for  this  stimulation  that  the  muscle  should 
he  to  a  certain  extent  tonirally  contracted.  So  that  whe; 
the  aflerent  fibres  are  interrupted,  or  the  grey  matter  of  th 
cord  disorganized,  and  the  reflex  tone  abolished,  the  knee 
jerk  disappears.  In  addition  to  the  direct  stimulation  of  th 
muscle  on  the  same  side,  the  tendon-tap  may  cause  also  a 
true  reflex  knee-jerk  on  the  opposite  side,  thp  interval  betwi 
tap  and  contraction  being  about  J  second. 


fiC.    301.-  -DlAC.RAM    OF    A   SlMPLC 

Reflex  .\rc. 

The  arrows  indicate  ibe  direction  of  tbe 
afferent  and  efferent  impulses. 


Anatomical  Basis  of  Reflex  Action. — Since  the  essence  of  refle 
xtioa  is  that  the  arrival  of  afferent  impulses  in  the  spinal  cord 

causes  the  discliarge  of  efferent 
impulses,  there  must  be  some 
connection  between  the  in- 
coming and  the  outgoing 
nerve -fibres.  When  the 
nervous  s)'stem  us  still  only, 
a  process  of  an  epithelial 
(sensory)  cell  joining  hands 
with  a  muscular  cell,  the  dis- 
tinction between  atierent  and 
efferent  fibre  does  not  exist. 
When  development  has  gone 
a  step  further,  and  the  neuro- 
muscular process  is  interrupted 
by  a  second  epithchal  cell 
transformed  into  a  ner\'e-ceU, 
the  afferent  fibre  enters  one  pole  and  the  efferent  fibre  leaves  th© 
other  ix)le  of  the  same  cell.  With  increasing  complexity  of  organiza- 
tion the  iicr\-ous  impulse  passing  up  the  afferent  fibre  is  offered  a 
choice  of  many  routes  when  it  reaches  the  spinal  cord. 

We  have  already  (p.  680)  described  the  course  taken  by  the  fibres 
of  the  posterior  foots  on  entering  the  cord.  It  is  obvious  tliat 
through  the  main  fibres  and  their  collaterals  an  extensive  connection 
— partly  direct,  partly  by  the  link  of  intermediate  neurons — is 
established  uith  the  motor  cells  on  both  sides  of  the  cord.  But  the 
facts  of  physiology  demonstrate  an  even  ampler  connection  than 
the  mere  anatomical  study  of  the  distribution  of  the  root-fibres 
would  suggest.  Indeed,  the  phenomena  of  strychnia -poisoning 
seem  to  show  that  every  afferent  fibre  is  potentially  connected  with 
the  motor  mechanisms  of  the  whole  cord,  P'or  in  a  frog  under 
the  influence  of  this  drug,  stimulation  of  the  smallest  portion  of 
tlic  skin  \vi\\  cause  violent  and  general  convulsions,  whicli  are  un- 
affected by  destruction  of  the  brain,  but  cease  at  once  on  destructioQ, 
of  the  corcl  (p.  776)- 
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Moderate  stimulation  of  an  afferent  nerve  causes  contraction 
of  muscles  connected  with  the  same  segment  of  the  cord  on  its 
own  side,  and  it  has  been  shown  that  the  sensory  nerves  of  a 
skeletal  muscle  are  derived  from  the  spinal  ganglion  correspond- 
ing to  the  segment  of  the  cord  containing  its  motor  cells.  Stronger 
excitation,  particularly  of  the  end-organs  of  a  nerve,  as  in  stimula- 
tion of  the  skin,  will  be  followed  by  more  extensive  movements 
involving  higher  or  lower  st^gments  of  the  cord,  or  crossing  over 
to  the  opposite  side.  Sometimes  the  reflex  movements  are 
co-ordinated  to  a  high  degree,  and  even  apparently  '  purposive  ' 
in  their  action.  This  also  is  less  true  of  movements  caused  by 
stimulation  of  naked  nerve-trunks  than  of  movements  caused 
by  stimulation  of  sensory  surfaces.  If  a  piece  of  skin  in  a 
bramless  frog  is  severed  from  the  rest,  but  left  in  connection 
with  its  nerves,  excitation  of  the  latter  will  produce  simple  and 
comparatively  aimless  contractions,  while  pinching  of  the  skin 
or  painting  it  with  dilute  acid  may  cause  extensive  movements 
evidently  aimed  at  the  removal  of  the  irritation.  When  a  drop 
of  dilute  acid  is  applied  to  the  flank  of  a  '  reflex  '  frog,  it  will 
attempt  to  wijje  il  off  with  the  foot  which  is  situated  most  con- 
veniently for  the  purpose.  If  this  foot  l>e  held,  it  will  use  the 
other.  Sherrington  has  shown  that  the  different  kinds  of  nerve- 
endings  in  one  and  the  same  area  of  the  skin  (m  the  dog) 
must  be  assumed  to  |X)ssess  totally'"  different  spinal  connections, 
since  the  movements  elicited  by  stimuli  suitable  for  one  form  ol 
nerve-ending  are  quite  different  from  those  elicited  by  stimuli 
suitable  for  another. 

Under  ordinar>'  conditions  wc  must  suppose  that  the  re- 
sistance to  the  passage  of  impulses  is  greater  for  certain  paths 
than  for  others,  that  it  is  easier,  t.g.,  in  a  brainless  frog  for  an 
impulse  travelling  up  a  posterior  root  to  reach  the  anterior 
root-fibres  of  the  same  segment  on  the  same  side  than  to  cross 
the  middle  line  and  tap  the  opjK^site  efferent  tract,  or  to  extend 
longitudinally  along  the  cord  and  flow  over  mlo  efferent  tracts 
coming  off  at  a  higher  or  lower  level.  The  action  of  strychnia 
must  be  to  diminish  the  resistance  in  the  whole  of  the  s)>inal 
cord,  so  that  an  impulse,  instead  of  being  confined  to  a  fairly 
definite  i>ath,  spreads  indiscriminately  from  neuron  to  neuron 
in  the  grey  matter  itself,  and  also  by  the  short  paths  of  the 
antero-lateral  ground  bundle  (p.  O78)  from  the  grey  matter  of 
one  segment  to  that  of  another.  In  thr-  brainless  or  '  spinal '  (rog, 
according  lo  Pfliiger,  the  reflex  irradiation  spreads  always  up  in  the 
direction  of  the  medulla  oblongata,  so  that  stimulation  of  a  fore- 
limb  does  not  cause  reflex  contraction  of  a  J^ind-limb,  although 
excitation  of  a  hind-limb  may  cause  movement  of  one  or  both 
fore-limbs.     This  law  does  not  hold  in  the  mammal — e.s>,  afferent 
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channels  from  the  skin  of  the  shoulder  are  freely  connected 
efferent  paths  to  the  muscles  of  the  hip,  knee,  and  ankle  bv  an 
unciosse<i    path   descending   die   lateral   column    (Sherrington 
In  cats  after  temporary  occlusion  of  the  cerebral  circtilatio; 
which  throws  the  brain  out  of  gear,  it  is  easy  to  elicit  movemen 
of  the  hind-legs  by  pinching  the  fore-jmws  or  the  skin  of  th 
up|>er  part  of  tlie  body  (Guthrie  and  Stewart). 


'  Peripheral  Reflex  Centres. — The  qoestion  whether  any  refle 
centres  exist  outside  of  the  spinal  cord  and  brain,  and  especially 
the  sympathetic  ganglia,  has  been  the  subject  of  a  lengthy  contr^ 
versy.  That  the  spinal  ganglia  cannot  act  as  reflex  centres  is 
generally  acknowledged,  and  it  is  not  difficult  to  see  that,  for  ana- 
tomical reasons,  this  must  be  so.  A  reflex  arc  must^  so  far  as  we 
know,  in  all  highly-organized  animals,  include  at  least  two  neuro 
There  is  no  protil  tluit  an  afferent  impulse  can  ascend  an  axon  to 
cell-body  and  there  excite  an  cllerent  impulse,  which,  desccndin 
the  same  axon  in  a  separate  set  of  fibrils,  gives  rise  to  a  reflex  con 
traction,  or  a  reflex  secretion.  Now,  the  cells  of  a  spinal  ganglio 
represent  the  original  neuroblasts  from  which  the  posterior  root 
fibres  grew  out  as  processes  towards  the  cord  on  the  one  side  and 
the  periphery  on  the  other.  A  sensorA'  fibre  passing  into  the 
ganglion  makes  connection  with  a  cell  by  a  T-shaped  junction  and 
passes  on  its  course  again.  No  aflerent  fibres  run  from  the  ner\-e- 
trunk  into  the  pangUon.  to  end  in  arborizations  around  the  ganglion 
cells,  and  no  efferent  fibres  arise  from  nerve-cells  in  the  ganglion  to 
pass  out  into  the  trunk.  For  although  a  sUghtly  greater  numl>er  of 
medullated  fibres  of  small  calibre  is  found  m  a  spinal  nerve-trunk 
immediately  distal  to  the  junction  of  the  roots  tlian  in  both  roots 
taken  together,  tliis  appears  to  be  due  to  the  passage  into  the  nerv* 
I  from  the  grey  ramus  communicans)  of  meduUated  fibres  which  end 
in  the  bloodvessels  or  other  tissue  of  the  ganglion  (Dale).  Here 
it  is  evident  that  there  is  no  possibility  of  a  complete  reflex  arc. 
Indeetl,  it  is  not  certain  that  the  normid  afferent  impulses  pass 
throujjh  the  bodies  of  the  spinal  [^'aneUon  cells  at  all.  For  fi)  a 
negative  variation  can  be  observed  in  the  posterior  roots  abovo 
the  ganglia  on  stmiulation  of  the  trunk  of  a  frog's  sciatic  nervo 
more  tlian  t-wo  days  after  the  death  of  the  aniraaU  when  the  gangUon 
cells  may  be  supposed  to  have  completely  lost  their  vitality,  and 
when  no  reflex  nejfativc  variation  can  be  detected  in  the  central 
stump  of  a  severed  anterior  root  on  excitation  of  the  sciatic  or  the 
corresponding  posterior  root.  Such  a  reflex  action  current  is 
normally  obtainable  from  a  fresh  preparation.  (2)  When  the  blood- 
supply  of  the  posterior  root-fibres  ana  the  ganglion  is  cut  oti  without 
killing  the  frog,  the  nerve  impulse  is  still  conducted  by  the  fibres. 
as  is  shown  by  the  reflex  movements  eUcited  on  stimulation  of  the 
central  end  of  the  sciatic,  at  a  time  when  the  nerve-cells  show 
marked  liistological  alterations,  (y,)  Prolonged  excitation  of  the 
posterior  roots  or  the  mixed  nerve  causes  no  noticeable  microscopical 
clianges  in  the  ganglion  cells  (Stcinach).*  (4)  The  appUcation  o£ 
nicotine  to  a  spinal  ganglion  docs  not  hinder  the  pass.ige  of  impulses 

•  HodRc  obtaiuc*!  clianges.     In  such  experiments  it  is  necessary  thatj 
tlie'ganglion  should  not  be  directly  excited  by  electrotonic  currents  01 
escape  of  the  stinmlatiiig  current. 
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through  llic  corresponding  afferent  fibres,  H  it  acts  on  spinal 
;<an>;lion  ccHs  as  it  does  on  sympathetic  ganglion  tells  (p.  148), 
this  must  be  because  the  impulses  do  not  require  to  traverse  the 
ganpUon. 

Axon-reflexes. — In  the  ordinary  sympathetic  gangha,*  also,  it  is 
doubt  fill  whether  the  anatomical  foundation  for  a  reflex  arc  exists, 
and  the  most  careful  physiological  exi>erimcnts  have  failed  to  con- 
nect them  with  any  reflex  function.  Sokownin,  indeed,  observed 
that  stimulation  of  the  central  end  of  the  hv{K>gastric  nerve  caused 
contractions  of  the  bladder,  and  he  considered  these  movements 
to  be  reflex,  the  centre  being  the  inferior  mesenteric  ganglion. 
Langley  and  Anderson  Ixavc  also  found  tliat  when  all  the  nervous 
connections  of  the  inferior  mesenteric  ganglion,  cxce|5t  the  hypo- 
gastric ner\*es,  are  cut,  stimulation  of  the  central  end  of  one  hypo- 
gastric causes  contraction  of  the  bladder,  the  efferent  path  bemg 
the  other  hypogastric.  In  addition,  they  have  observed  an  apparent 
reflex  excitation  of  the  nerves  which  supply  the  erector  muscles  of 
the  hairs  (pilo-motor  ner\'cs)  through  other  sympathetic  ganglia. 
But  they  behevc  that  in  neither  case  is  the  action  truly  reflex, 
but  tlmt  it  is  caused  by  stimulation  of  the  central  ends  of  motor 
fibres,  which  come  off  from  the  spinal  cord,  and  in  passing  through 
the  ganglion  give  off  collateral  branches  to  some  of  its  cells. 
In  the  case  oil  the  inferior  mesenteric  ganghon  the  spinal  fibres 
passing  dou*n  in  the  left  h>TX>gastric  would  send  branches  to 
arborize  around  ganglion  cells  which  give  origin  to  fibres  of  the 
right  hj-pogastric.  and  vice  versd.  When  the  central  end  of  the  left 
hypogastric  is  stimulated  the  excitation  is  conducted  up  the  spinal 
hbres,  and  so  reaches  tlieir  branches,  and.  through  tne  ganghon 
cells,  tlie  syrapatlietic  fibres  of  the  right  hypogastric,  which  con- 
vey it  to  the  muscles  of  the  bladder  (see  sartorius  or  gracilis 
experiment  ol  Kiihne,  p,  fVj;).  Other  examples  of  such  axon- 
rcnexes  exist. 


Reflex  Time. — When  a  refle.\  movement  is  evoked,  a 
measurable  period  elapses  l>etween  the  application  of  the 
stimulus  and  the  commencement  of  the  movement.  This 
interval  ma>'  l>e  called  the  uncorrected  reflex  time.  A  |>art  of 
the  interval  is  taken  up  in  the  transmission  of  the  afferent 
impulse  to  the  reflex  centre,  a  part  in  the  transmission  of  the 
efferent  impulse  to  the  muscles,  a  i>art  represents  the  latent 
period  of  muscular  contraction,  and  the  remainder  is  the  time 
spent  in  the  centre,  or  the  true  reflex  time.  When  the  con- 
junctiva or  eyelid  is  stimidated  on  one  side  both  eyelids  blink. 
This  is  a  typical  reflex  action  reduced  to  its  simplest  expression, 
and  the  true  reflex  lime  is  correspondingly  short — only  about 
■^  second.  An  additional  ,Jlo  second  is  consumed  in  the  passage 
of  the  afferent  impulse  along  the  fifth  nerve  to  the  medulla 
oblongata,  oi   the  efferent   im]iulse   from  the  medulla  to   the 

*  The  Ki^'iKhon  c«lls  of  Aucrbach's  ant]  Mcissner's  plexus  in  the  intes- 
tine are  not  ot  ordinary  syinpatlictic  type.  and.  a%  we  Iiave  already  seen, 
it  is  probable  that  they,  or  some  of  them,  are  tru«  redex  ceutrcs  for  the 
stomach  and  intestines. 
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orbicularis  palpebrarum  along  the  seventh  nerve,  and  m  t 
latent  period  of  the  muscle.  WTien  a  naked  nerve,  like  thi 
sciatic,  is  stimulated,  the  true  reflex  time  is  reduced  to  ^J^  to 
^  second.  As  eslimaled  by  Tiirck's  method  (p.  775),  the  un- 
corrected reHex  time  is  greatly  lengthened,  it  may  be  to  several 
or  even  many,  seconds.  For  here  it  is  evident  that  the  timi 
taken  by  the  acid  to  soak  thnntt^h  the  skin  and  reach  the  nerve- 
endings  in  strength  sul^icient  to  stimulate  tliem  is  include 
But  even  when  the  |jeri]>hera]  factors  remain  constant,  th 
central  factor  may  vary.  With  strong  stimulation,  e.g..  th 
reflex  time  is  shorter  than  with  weak  stimulation.  Fatigu 
of  the  nerve-centres  delays  the  passage  of  impulses  throng 
tliem  ;  and  strychnia,  while  it  increases  the  excitability  of  th 
cord,  also  lengthens  the  reflex  time. 

3.  The  Origination  of  Impulses  in  the  Spinal  Cord 
(Automatism). — A  physiological  action  is  termed  automatic 
when  it  depends  uj>on  a  nervous  outburst  which  seems  to 
spontaneous,  in  the  sense  that  it  is  not  brought  about  by  an 
evident  rellex  mechanism,  or.  in  other  words^  is  not  discharged 
by  afferent  impulses  falling  into  the  centre  where  it  arises.  Aq, 
action  known  to  be  caused  or  conditioned  by  such  afTeren 
impulses  is  called  a  reflex  action.  Automatic  actions  being 
thus  defined  in  a  negative  manner  by  the  defect  of  a  quality, 
there  is  always  a  possibility  that  some  day  or  other  it  may  be 
demonstrated  that  any  given  action  which  at  present  seems 
automatic  in  its  origin  depends  on  afferent  imjjulses  hitherto 
unnoticed.  As  a  matter  of  lact.  the  supposed  proofs  of  spinal 
automatism  have  in  more  than  one  case  vanished  with  the 
advance  of  knowledge,  and  as  the  domain  of  purely  automatic 
action  has  been  narrowed,  that  of  reflex  action  has  ex 
tended,  until  the  controversy  as  to  the  bountlaries  between  the 
two  seems  not  unlikely  to  be  ended  by  the  absorption  of  th 
automatic  in  the  reflex.  .And  as  we  seem  almost  driven  to  con- 
clude that  from  the  anatomical  standpoint  the  nervous  system! 
is  essentially  a  vast  collection  of  loopxxl  conducting  {>aths,  each 
with  an  afferent  portion,  an  efferent  portion,  and  connections 
between  them  formed  by  the  end  arborizations  of  the  axons  and 
their  collaterals,  the  dendrites  and  the  cell-bodies,  so  it  may 
be  that  no  true  physiological  automatism  really  exists  either 
in  cord  or  brain,  that  every  form  of  physiological  activity 
muscular  movement,  secretion,  intellectual  labour,  conscious 
ness  itself — would  cease  if  all  afferent  impulses  were  cut  off 
from  the  ner\'ous  centres.  But  there  are  certain  groups 
actions  so  widely  separated  from  the  most  typical  reflex  action 
that,  provisionally  at  least,  they  may  be  distinguished  as 
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matic.  Such  arc  the  voluntary  movements,  and  certain  involun- 
tary movement?.,  like  the  beat  of  the  heart.  And  we  may 
proceed  to  inquire  whether  the  spinal  cord  has  any  power  of 
oripmatirig  movements  or  other  actions  of  this  high  degree  of 
automatism. 

Muscular  Tone. — So  long  as  a  muscle  is  connected  with 
the  s])inal  segment  from  which  its  nerves  arise,  it  is  never  com- 
pletely relaxed  ;  its  fibres  are  in  a  condition  of  slight  tonic 
contraction,  and  retract  when  cut.  If  a  frog  whose  brain  has 
been  destroyed  is  suspended  so  that  the  legs  hang  down,  and  one 
sciatic  nerve  Ls  cut,  the  corresponding  limb  may  be  observed 
to  elongate  a  little  as  compared  with  the  other.  At  one  time 
this  tone  of  the  muscles  was  supjxjsed  to  be  due  to  the  con- 
tinual automatic  discharge  of  feeble  impulses  from  the  grey 
matter  of  the  cord  along  the  motor  ner\'es.  But  it  has  been 
j)roved  that  if  the  iK>sterior  roots  be  cut,  or  the  skin  removed 
from  the  leg,  its  tone  is  completely  lost,  although  the  anterior 
roots  are  intact.  So  that  the  tone  of  the  skeletal  muscles 
depends  on  the  passage  of  afferent  impulses  to  the  cord,  and 
must  be  removed  from  the  group  of  automatic  actions  and 
includeil  in  the  reflexes. 

The  *  rigidity  of  '  the  muscles,  often  observed  in  p;ualysis 
from  lesions  of  the  central  system,  and  denominated  '  early ' 
or  '  late/  according  as  it  comes  on  uilhin  a  few  dais's  or  a  few 
weeks  after  the  occurrence  of  the  lesion,  is  also  probably  in  part 
a  reflex  phenomenon,  although  jxjssessing  some  of  the  char- 
acters of  a  tonic  contraction  due  to  automatic  discharge  from 
the  spinal  centres.  For  in  such  cases  myotatic  irritability  is 
increased  ;  the  knee-jerk  is  exaggerated  ;  a  finger-jerk  may  be 
elicited  by  tappmg  the  wrist,  an  arm-jerk  by  stnking  the  skin 
over  the  insertion  of  the  biceps  or  triceps,  ankle-clonus  by 
flexing  the  foot  (Gowers),  Now,  myotatic  irritability  depends 
on  rertex  muscular  tone  (p.  707). 

It  is  probable  that  the  tone  of  such  visceral  muscles  as  the 
sphincters  of  the  anus  and  bladder  has  also  a  reflex  element, 
and  i>ossibIe  that  the  same  is  tnie  of  the  tone  of  the  smooth 
muscular  fibres  of  the  bloodvessels  on  which  the  maintenance 
of  the  mean  blood-pressure  so  largely  depends.  The  tonic 
influence  of  the  vaso-constrictor  ner\'es  upon  the  bloodvessels 
is  not  dependent  u|>^n  afferent  impulses  reaching  the  spinal 
cord  in  the  region  from  which  they  are  given  off,  since  division 
of  all  tlie  dorsal  roots  on  both  sides,  from  the  second  to  the 
thirteenth  thoracic  (m  the  cat),  had  practically  no  effect  uix>n  the 
blood-pressure.  Yet  it  may  be  that  if  all  afferent  impulses 
could  be  cut  off  from  the  vaso-motor  centre,  as  by  section  of 
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the  whole  of  the  posterior  spinal  roots  and  other  centripet 
paths  to  the  inedulla,  general  diJatation  of  the  arterioles  would 
take  place,  and  the  blood-piessure  be  i^'reatly  dnuiiiished.     But, 
as  has  been  aheady  more  than  once  painted  out,  there  exis 
peripheral  mechanisms  which,  after  a  time,  make  good  to  som 
extent  the  loss  of  tone  caused  hy  destruction  of  the  spinal  centres 

Trophic  Tone. — The  degenerative  changes  that  occur  in 
muscles,  nen.es.  and  other  tissues  when  their  connection  \sith 
the  central  nervous  system  is  interni]>tpd  have  been  already 
referred  to  (p.  boj).  It  is  ]H>ssibIe  to  exjilain  these  changes 
in  some  cases  without  the  assumption  that  tonic  impulses  are 
constantly  passing  out  from  the  brain  and  cord  to  control  the 
nutrition  of  the  peripheral  organs  ;  and  we  have  seen  that  there 
is  no  real  evidence  of  the  existence  of  specific  trophic  fibres. 
But  the  degeneration  of  muscles  after  section  of  their  motor 
nerves  is  dilhcult  to  understand  except  on  the  hypothesis  that 
impulses  from  the  cells  of  tiie  anterior  horn  influence  their 
nutrition.  The  only  question  is  whether  these  are  the  impulses 
to  which  muscular  tone  is  due,  and  therefore  reflex,  or  different 
in  nature  and  autuniatically  discharged.  Now.  degeneration 
of  a  muscle  is  not  usually  caused,  or  at  least  not  for  a  long  time, 
by  internjption  <»f  its  afferent  nerve-fibres,  as  in  locomotor 
ataxia,  or  after  section  of  the  posterior  nerve-roots  (Mott  and 
Sherrington).  We  can  hardly  supi>ose  that  in  any  case  the 
trophic  influence  of  the  cells  of  the  spinal  or  sympathetic  ganglia 
to  which  all  other  reflex  powers  have  been  denied,  is  of  reflex 
nature.  And  there  is,  indeed,  more  evidence  in  favour  of  trophic 
tone  being  an  automatic  action  of  the  cord  than  lor  any  of  the 
other  tonic  functions  hitherto  considered. 

Respiratory  Automatism. — But  the  evidence  u|xin  which 
the  spinal  cord  has  been  credited  with  true  automatic  action 
is  chiefly  connected  with  the  central  respiratory  mechanism. 
It  is  known  (p.  206)  that  a  section  above  a  certain  level  in  the 
medulla  oblongata  does  not  alxilish  the  respiratory  movements. 
The  respiratory  centre,  then,  must  be  continually  sending  out 
impulses  which  are  not  originated  by  Impulses  reaching  it  from 
the  brain.  If  in  addition  a  section  be  made  across  the  spinal 
cord  below  the  origin  of  the  phrenic  nerves,  the  movements  of 
the  diaphragm  continue  without  essential  change.  The  dis- 
charge of  the  respiratory  centre  is  therefore  not  dependent  upon 
afferent  impulses  from  that  great  portion  of  the  body  with  which 
its  connections  have  been  severed.  If  the  vagi  be  now  divided, 
the  breathing  assumes  the  spasmodic  character  already  described 
(pp.  200,  206),  but  the  activity  of  the  respiratory  centre  does 
not  cease.     It  continues   to  discharge  in   the  same  s]>asmodic 
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manner,  even  when  finally  all  the  posterior  cer\'ical  roots  above 
the  section  of  the  rord  have  been  divided.  It  is  true  that 
this  is  not  a  dehnite  proot  that  its  action  is  automatic,  for  some 
afferent  impulses  may  and  do  still  reach  it.  To  sever  abso- 
lutely the  whole  of  the  afferent  |>aths  leading  to  the  centre, 
and  then  to  obscr\'e  whether  or  no  the  respiratory  movements 
continue  is  an  experiment  which  it  is  difficult,  if  not  almost 
impossible,  to  carry  out.  Hut  while  to  say  this  is  to  confess 
that,  in  the  present  state  of  experimental  physiology,  it  is 
difficult  or  imix)ssible  to  apply  a  strictly  crucial  test  to  the 
doctrine  of  respiratory  automatism,  it  is  probable  that  there 
is  an  important  automatic  element  in  the  activity  of  tlie  respira- 
tory centre. 

The  '  Centres  '  of  the  Cord  and  Bulb. — We  have  frequently  used 
the  word  '  centre  '  in  describing  the  functions  of  the  spinal  cord, 
but  the  term,  althrmgh  a  convenient  one,  is  apt  to  convey  the  idea 
that  our  knowledge  is  far  more  minute  and  precise  than  it  really 
is.  Wlien  we  say  that  a  centre  for  a  given  physiological  action 
exists  in  a  definite  portion  of  the  spinal  cord,  all  that  is  meant  is 
that  the  action  can  be  called  out  experimentally,  or  can  normally 
go  on,  so  long  as  this  portion  of  the  cord  and  the  ncr\'es  coming  to 
it  and  leaving  it  arc  mtact.  and  that  destruction  of  the  *  centre  * 
abolishes  tlie  action.  For  example,  a  part  of  the  medulla  oblongata 
on  each  side  of  the  middle  line  in  the  floor  of  the  fourth  ventricle 
above  the  calamus  scriptorius  is  so  related  to  the  function  of  respira- 
tion that  when  it  is  destroyed  the  animal  ceases  to  breathe.  But 
this  respiratorv  centre — the  '  naud  vital  '  of  Flourcns — does  not 
corrc9|K>nd  in  position  with  any  definite  collection  of  grey  matter, 
although  it  includes  the  nuclei  of  origin  of  several  cranial  nerves, 
and  forms  an  important  point  of  departure  for  efferent,  and  of  arrival 
for  afferent,  fibres  connected  with  the  respiratory  act.  Its  destruc- 
tion involves  the  cutting  off  of  the  impulses  constantly  travelling 
up  the  vagus  to  modify  the  respirator)*  rhythm,  and  of  the  impulses 
constantly  passing  dowTi  the  cord  to  the  phrenics  and  the  inter- 
costal nerves.  And  just  as  the  traffic  of  a  wide  region  can  be 
paralyzed  at  a  single  blow  by  severing  the  lines  in  the  neighbourhood 
of  a  great  raihvay  junction,  or  more  laboriouslv,  though  not  less 
effectually,  by  separate  section  of  the  same  tracks  at  a  radius  of  a 
hundred  iniles,  so  destruction  of  the  respirator\'  centre  accomplishes 
by  a  single  puncture  what  can  be  also  performed  by  section  of  all 
the  respirator^'  nerves  at  a  distance  from  the  medulla  oblon'^ata. 
But  while  nobodv  spe4iks  of  the  destruction  of  a  '  centre  '  when  a 
reflex  action  is  abolished  by  division  of  the  peripheral  ncr>'es  con- 
cerned in  it,  there  is  a  tenilcncy,  when  the  same  effect  is  brought 
atxjut  by  a  lesion  in  the  brain  or  cord,  to  invoke  that  mysterious 
name,  and  to  forget  that  the  cerebro-spinal  axis  is  at  least  as  much 
a  stretch  of  conducting  paths  as  a  collection  of  discharging  nervous 
mechanisms. 

It  is,  perhaps,  a  profitless  task  to  enumerate  all  the  so-called 
centres  in  the  Dulb  and  cord  with  which  the  jxirveise  ingenuity  of 
investigators  and  svstematic  writers  lias  encumbered  the  arcliivt^ 
and  text-books  of  physiology  In  addition  to  the  great  vaso-motor, 
respiratory,  cardio-inhibitory  and  c.^rdio-augmentor  centres   m  the 
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buib.  which,  perhaps,  have  more  right  thnn  the  rest  to  be  regarded 
as  distinct  physiological  mechanisms,  if  not  as  dcftnitcly  bounded 
anatomical  arc^is,  there  have  been  distinguished  ano-spiiial,  vesico- 
spinal, and  gcnito-spinal  centres  in  the  lumbar  cord,  a  cilio-spinal 
centre  for  dilatation  of  the  pupil  in  the  cervical  cord,  and  in  the 
medulla  centres  for  sneezing,  for  coughing,  for  sweating,  for  sucking, 
for  mdsticating,  for  swallowing,  for  salivating,  for  vomiting,  for  the 
production  of  general  convulsions,  for  closure  of  the  eyes.  It 
would  be  just  as  correct,  and  more  practically  useful  (for  it  would 
perhaps  encourage  the  student  who  has  lost  liis  way  amidst  these 
mterminable  distinctions),  to  say  that  the  cerebral  cortex  contains 
a  centre  for  learning  sense,  and  another  for  forgetting  nonsense, 
and  that  in  a  healthy  brain  it  is  the  latter  which  is  generally  thrown 
into  acti\4ty  in  the  study  of  this  portion  of  modem  physiology. 


The  Cranial  Nerves. 

Unlike  the  spinal  nerves,  which  arise  at  not  very  unequal 
intervals  from  the  cord,  the  nuclei  of  the  cranial  nerves,  with 
the  exception  of  the  olfactory  and  optic,  are  crowded  together 
in  tlie  inch  or  two  of  grey  matter  of  the  primitive  neural  axis 
in  the  immediate  neighbourhood  of  the  fourth  ventricle  and 
the  Sylvian  aqueduct.  Of  these  nuclei  some  are  the  end  nuclei 
or  *  nuclei  of  reception  '  of  sensor\'  fibres — that  is  to  say,  collec- 
tions of  nerve-cells  around  which  the  sensory  fibres  break  up 
into  terminal  arborizations.  Such  are  the  sensory  nucleus  of 
the  fifth,  both  nuclei  of  the  eighth,  and  the  glossopharN-ng^ial 
and  vagus  port'ons  of  the  common  nucleus  of  the  ninth, 
tenth,  and  eleventh  (Figs.  302,  303).  The  nuclei  of  origin 
of  the  motor  fibres  lie.  u|Kin  the  whole,  in  two  longitudinal 
rows — a  median  row.  which  consists  of  the  nuclei  of  the  third 
and  fourth  nerves  in  the  floor  of  the  aqueduct,  and  those  of  the 
sixth  and  twelfth  nerves  in  the  floor  of  the  fourth  ventricle;, 
and  a  lateral  row  comprising  the  motor  nuclei  of  the  fifth,  tenth, 
and  eleventh  nerves,  and  the  nucleus  of  tlie  seventh.  The 
clumps  of  grey  matter  which  make  up  these  nuclei  may  be  con- 
sidered as  homologous  with  the  grey  matter  of  the  ventral  or 
anterior  (including  the  lateral)  horn  of  the  spmal  cord  ;  and  the 
motor  fibres  of  the  ner\*es  themselves  as  homologous  with  the 
anterior  spinal  roots.  Without  going  further  into  the  thomyi 
subject  of  the  homologies  of  the  cranial  and  spinal  nerves,  wc 
may  point  out  that  while  all  the  spinal  nerves  contain  both 
motor  and  sensory  fibres,  some  ol  the  cranial  nerves  are  purely 
motor,  some  purely  sensory,  and  others  mixed.  So  that  if 
we  arc  to  look  u()on  the  motor  nerves  as  the  homologues  of  tlm 
ventral  roots,  the  dorsal  (posterior)  root-fibres  corresponding] 
to  them  must  be  represented  in  the  other  cranial  nerves.  Thus, 
the  sensory  portion  of  the  mixed  fifth  nerve,  and  the  purely' 
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sensory  auditory  ner\'e,   must  be  supp)osed  to  contain  fibres 
corresjHjnding  to  several  dorsal  roots. 

The  first  or  olfactory  nerve  consists  of  fine  fibres,  each  of 
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Fig.  302. — DiACKAu  or  NcctEi  or  Omigix  op  Cmakial  N'ervcs 

fSHERRtMGTOK). 

Thr  nuclei  arr  «upposrd  to  be  lirwed  tlirniigb  tnnsparrnt  nidttfria]  frurii  itie 
dorsal  aspect.  The  numerals  III  to  XII  refer  to  the  nticJci  ot  the  rcspn  ttve 
craniAl  nerves,  all  shuwa  on  tlie  left  &idc.  except  the  <  i^mini^n  riucJeu^  of  the 
ninth,  tenth,  and  eleveuth  iiervrn.  whi<'h.  fur  the  sake  of  (.'l«Hmi-»9.  is  n-presented 
ou  the  right  side.  VJ,  motor  mi'lrui*  of  lifth  nen-e  with  the  de^cemluig  root  ; 
I'a,  scnmry  nucleus  of  the  tifth.  with  thr  long  asrendiog  roftt ;  VIIIw.  the 
median  nucleus,  and  VIII/.  the  lateral  nucleus  of  the  eighth  nerve:  ft.  am b, 
nucleus  ambiguus ;  Aic.lX,  fasrtculus  scilitanus,  the  ascending  riMt  of  the 
ninth  nerve ;  C.Q.«.  anteri'ir  :  C.Q.J^.  pi*stcrlor  corpus  quadrigeminum  :  CO. 
geriuulate  body.-  v.v,  valve  of  \'irmseii»  :  i.e.  locus  cirnleus;  tf.  emiiieotia 
ter*-s  ;  Str.A,  slri*  acustha-  :  S.P.  M.P.  I.P,  tjje  superior,  middle,  and  inferior 
petlunrles  of  the  cerebeltuni  represented  as  cut  through. 

which  is  a  process  of  an  olfactory  cell  (Fig.  304).    The  olfactory 
cells,  which  are  really  j>enpheral  nerve -cells,  lie  among   the 
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epithelial  cells  in  the  olfactory  region  of  the  Schneidcrian  mem 
brane,  the  common  lining  of  the  nostrils.  Each  olfactory  ce' 
gives  off  two  processes,  a  short  one,  representing  a  dendrite^ 
which  nins  out  to  the  surfa'^c  of  the  mucous  membrane,  and  a 
longer  but  more  slender  process,  representing  an  axon,  which 
as  a  fibre  of  the  olfactory  nerve  pierces  the  cribriform  plate  of 

the  ethmoid  hone. 
and  |)ltniges  into 
the  olfactory  bulb. 
In  the  nl/aciory 
bnllj  at  lea^t  four 
layers  can  be  dis- 
tinguished— (i)  oa 
the  surface,  be- 
neath the  pia 
mater,  the  layer 
of  entering  olfac- 
tory nerx'e- fibres  ; 
{2)  the  layer  of 
o! factory  gloiitt'tuUy 
peculiar  struc  tares, 
each  of  which  is 
made  up  of  an 
intricate  basket- 
like  arborization 
formed  by  an  ol- 
factory nerve- fibre, 
or,  it  may  be,  more 
than  one,  and  a 
brush-like  arbori- 
zation belonging  to 
a  dendrite  of  one 
of  the  mitral  cells 
of  the  next  layer  ; 
(3)  the  molecular 
layer,  which  con- 
tains a  number  of 
large  nerve  -  cells 
called  mitrtxl  cdls^ 
along  with  smaller 
nerve-cells  and 
neuroglia  ;  (4)  the 
nuclear  layer,  containing  numerous  small  nerve  -  cells  or 
'granules'  intermingled  with  white  fibres.  The  mitral  cells 
give  off  axons,  which  pass  through  the  fourth  layer,  and  then 
as  fibres  of  the  olfactory  tract  to  the  grey  matter  at  the  base  of 
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FlO.     jdj. — SCHl-MATIC      IraN^PARENT     SaGITTAL     bEC- 

TiuM  OP  Medulla  Oblongata. 

The  iiuinrrals  V  tn  XII  refer  to  Ihe  nuclei  of  nrigin 
of  Ihe  resporlivc  rrHiiial  nrrves.  V  is  the  motor 
nucleus  of  Ihe  fifth  iier\-e  ;  V.V.  the  roots,  and  V,  the 
sensory  nurlpiis  .  V,  sensory  nurlfiw  and  ascending 
or  spinal  root  of  \hc  fifth  :  KVI,  root  of  sixth  nerve  ; 
RVII,  root  of  seventh  nerve;  Py.  p>Taniida]  fibres; 
Py  kr,  decussation  of  the  p>Tamids ;  O.s,  superior 
r>Hve :  O.  olive  ;  G,  genu  of  the  facial  nerve ;  K, 
rlavatc  nurJeus  ;  VIII,  inner  auditorv  nurleu». 
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the  brain.  The  course  of  the  impulses  from  the  olfactory 
mucous  membrane  to  the  brain  is  shown  in  Fig.  304.  The 
olfactory  tract,  as  it  runs  Ijack,  divides  into  j)ortions  called  its 
*  roots.'  Of  these  the  lateral  is  the  most  important,  and  it 
terminates  in  the  uncinate  gyrus  of  the  same  side.  The  median 
root  crosses  to  the  opposite  side  of  the  brain,  and  some,  though 
not  all,  of  its  fibres  go  to  the  opposite  uncinate  gyrus.  Excessive 
stimulation  of  the  olfactory  nerve  by  exposure  to  a  strong 
odour  has  been  known  to  cause  complete  and  permanent  loss 
of  smell. 

The  second  or  optic  nerve  con  tains  mainly  afferent  fibres, 
which  arise  from  the  ganglion  cells  of  the  retina,  and  terminate 


Fig.  504. — ScRBMS  or  the  OLrACTOKV  NvRVUvs  ArpARATUS  (Hauj- 
BURTON  ArrxR  Cajal). 
A,  olfactory  mIU  ;  B,  glomeruli :  C,  mitral  cells  :  l\  olfactory  granule  cell  ; 
E.  lateral  root  of  olfactory  tract  :  F,  rortcx  of  brain  in  the  region  of  the  uncinate 
gyrus  ;  a,  small  cell  of  mitraj  layer  :  h,  bniah  of  dendrite  of  a  mitral  cell  ending  in 
a  glomerulus ;  c,  thorns  or  ypine*  <?n  the  processes  of  an  oltactor>'  granule  ; 
/.  coDateral  coining  ofi  from  the  axon  of  a  mitral  cell ;  /.  rollatexals  ending  in  the 
molecular  layer  of  the  uncinate  g>Tus ;  g,  pyramidal  cells  of  the  cortex  ;  h,  sup- 
porting epithelial  oeUs  of  the  olfactory  mucous  membrane. 

by  forming  syna[>ses  with  nerve-cells  in  the  lateral  geniculate 
body,  the  pulvinar  (or  i>osterior)  iK»rtion  of  the  optic  thalamus, 
and  the  anterior  corpus  quadrigeminum.  This  visual  path  is 
continued  by  the  axons  of  thest:  nerve-cells,  which  proceed  in 
the  optic  radiation  (p.  693)  to  the  occipital  cortex  (Figs,  zgi,  305, 
and  318).  In  young  animals  all  these  structures  undergo 
atrophy  after  extirpation  of  the  eyeball.  At  the  chiasma  the 
fibres  of  the  optic  nerve  decussate,  partially  in  man  and  some 
mammals,  as  the  rabbit,  dog,  cat,  and  monkey,  comj^letely  in 
animals  whose  visual  field  is  entirely  mdependent  for  the  two 
eyes,  as  in  fishes  and  birds.  In  man  the  fibres  for  the  nasal 
halves  of  both  retinae  cross  the  middle  line  at  the  chiasma,  those 
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for  the  temporal  halves  do  not.  The  chiasma  also  contaiia 
fibres  in  its  ]K>sterior  fHjrtion,  which  extend  from  one  optil 
tract  to  the  other,  but  are  not  connected  with  the  retina?  or  thi 
optic  nerves.  They  are  commissural  fibres  which  connect  tlw 
two  mesial  geniculate  bodies  across  the  middle  line,  and  ari 
called  Gudden's  commissure.  A  lesion  involving  the  occipital 
cortex  on  one  side,  oi  the  posterior  portion  of  the  optic  thalamusJ 
or  the  optic  tract,  causes  hemianopia*  (blindness  of  the  correj 
sponding  halves  of  the  two  retiriic)  on  the  side  of  the  lesion] 
Thus,  a  lesion  equivalent  to  complete  section  of  the  right  optid 
tract  would  cause  blindness  of  the  nasal  half  of  the  left,  and  of 
the  temporal  halt  of  the  right  eye,  and  the  left  half  of  the  field 
of  vision  would  be  blotted  out  —  the  j)atient  would  be  unable, 
with  his  eyes  directed  forwards,  to  see  an  object  at  his  left, 
lesion — f.^.,  a  tumour  of  the  pituitary  Ixxiy — involving  th 
whole  of  the  optic  nerve  in  front  of  the  chiasma.  would  cause 
complete  lilindness  in  the  corresponding  eye.  Sometimes  in 
disease  of  the  optic  nen-e  vision  is  not  totally  destroyed  in  the 
eye  to  which  it  belongs,  but  the  field  is  narrowed  by  a  circum- 
ference of  bliminess.  In  this  case  the  j>athological  chang 
involves  the  circumferential  fibres  of  the  nerve.  When  the 
chiasma  is  affected  by  disease,  a  very  frequent  symptom  is 
nasal  hemianopia,  blindness  of  the  nasal  halves  of  the  retinie 
with  loss  of  the  outer  or  temporal  half  of  each  field  of  vision. 
The  optic  nerve  contains  a  few  efferent  fibres  for  the  retina, 
whose  celldwdies  are  situated  in  the  anterior  corpus  quadri- 
geminum. 

The  third  nerve,  or  oculo-motor,  arises  from  a  series  of 
nuclei  in  the  floor  of  the  Sylvian  aqueduct  below  the  anterior 
corpora  quadrigemina.  The  root-bundles  coming  off  from  the 
most  anterior  of  the  nuclei  carry  fibres  that  have  to  do  with 
the  mechanism  of  accommodation.  The  nuclei  behind  these  arc 
connected  with  fibres  that  cause  contraction  of  the  pupil  when 
light  falls  on  tlie  retina  :  while,  in  dogs  at  least,  the  |X}sterior 
portion  of  the  series  gives  off  fibres  for  the  muscles  of  the  eye 
in  the  following  order,  from  before  backwards  :  internal  rectus, 
superior  rectus,  levator  palj^>ebra:*  snperioris,  inferior  rectus, 
inferior  oblique.  Complete  paralysis  of  the  third  nerve  causes 
loss  of  the  power  of  acconnnodation  of  the  corresponding  eye, 
dilatation  of  the  pupil  by  the  unopposed  action  of  the  sympa- 
thetic fibres,  diminution  of  the  power  of  moving  the  eyeball, 
ptosis,  or  drooping  of  the  upper  lid,  external  squint,  and  con- 
sequent diplopia,  or  double  vision. 

•  The  terms  '  hcniiopia,'  '  hemianopia.'  '  hemianopsia,'  are  used  with 
reference  sometimes  to  ttie  blind  side  oi  the  retina*,  sometimes  to  the 
half  of  tlie  visual  field.  We  shall  always  use  the  word  '  hemianopia  ' 
■with  reference  to  the  retina. 
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In  Fig;,  305,  optic  nen'e-ftbres  are  represented  as  forming  syn- 
apses with  cells  in  the  anterior  corpus  quadrigeminum  whose  axons 
pass  to  the  nucleus  of  the  third  ner\*e  and  arborize  around  some 
of  its  cells.  It  is  possible  that  this  is  the  path  of  the  impulses 
which  cause  coiitractimi  of  the  pupil  when  light  falls  on  the  retina. 

The  fourth  or  trochlear  nerve  arises  from  the  ix>sterior  part 
of  the  same  tract  of  grey  matter  which  gives  origin  to  the  third 
nerve.  It  supplies  the  sufierior  oblique  muscle.  Parah'sis  of 
the  nerve  causes  internal  squint  when  an  object  below  the 
horizontal  plane  is  looked 
at.  owing  to  the  unop- 
jHJsed  action  of  the  inferior 
rectus.  There  is  als(j  dip- 
lopia on  looking  down. 
Unlike  the  other  cranial 
nerves,  tho  two  trochlear 
nerves  decussiite  com- 
pletely after  they  emerge 
horn  their  nuclei  of  origin. 

The  fifth  or  trigeminus 
nerve  ap]»ears  on  the  sur- 
face of  the  pons  as  a  larg*? 
sensory  root  and  a  smaller 
motor  root.  Its  deep 
origin  is  more  extensive 
than  that  of  any  of  the 
other  cerebral  nerves, 
stretching  as  it  does  from 
the  level  of  the  anterior 
corpus  quadrigemmum 
above  to  the  upper  part 
of  the  si»inal  cord  below. 
Its  sensory  root,  in  fact, 
seems  to  include  the  sen- 
sory divisions  ol  several 
motor  cranial  ner\^es. 

The  motor  root  arises  partly  from  a  nucleus  in  the  floor  of  the 
fourth  ventricle  below  the  pons,  partly  as  the  so-called  descending 
root  from  large  nerve-cells  scattered  in  the  grev  matter  around 
the  aqueduct  of  Sylvius  all  the  way  from  the  anterior  quadri- 
geminate  l>ody  to  the  jwint  at  which  the  motor  root  is  given  off. 

The  >c'«sorv  root  has  likewise  two  nuclei  of  reception  :  a  nucleus 
in  the  neighbourhood  of  the  motor  n\icleus  in  the  floor  of  the 
fourth  ventricle,  and  a  long  tract  of  scattered  cells,  the  so-called 
spinal  root,  extending  upwaids  from  the  level  of  the  second  cer- 
vical nerve  through  the  medulla  oblongata  and  the  tegmentum 
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of  the  pons,  where  it  lies  external  to  the  descending  root. 
sensory  fibres  of  the  fifth  have  their  cells  of  origin  in  the  Gasserian 
ganglion.  ^^ 

The   motor   fibres  of   the   fifth   nerve  supply  the  muscles  ^| 
mastication  and  the  tensor  tympani.     The  sensory  fibres  confer    ' 
common  sensation  on  the  face,  conjunctiva,  the  mucous  mem- 
branes of  the  mouth  and  nose,  and  the  structures  contained  in 
them,  and,  according  to  Gowers,  special 
sensation,  through  branches  given  off  to 
the  facial  and  glosso-pharyngeal  nerv^es, 
on    the    organs    of    taste.*      Complete 
paralysis  of   the  nerve  causes  loss  of 
movement  in  the  muscles  of  mastication, 
sometimes  impaired  hearing,  and  loss  of 


Fig.  306. — Scheme  of  Motor  and  Sensorv  Nbukons  of  Tugzminus  (Barki 

AFIBR    GeHUCHTEN). 

G.  s.  C,    Gasserian  ganglion  :    .Vm.  m.  m.  h.   ('.,  nucleus  of  the  descent 
root ;  Nu.  m.  pr.  «.  V..  chief  motor  nucleus  of  the  fifth  nerve  ;  Rad,  due.  mis.  lu  V^ 
dccoending  root ;  Tr.  s/>.  n.  V.,  tractus  spinalis,  <jr  oscendini;  root  of  ihe  fifth. 

common  sensation  in  the  area  supplied  by  it.    Loss  or  impairment 
of  taste  in  the  corrcsjwnding  half  of  the  tongue  is  also  often  sei 
in  disease  involving  the  sensory  root,  alUiough  not  in  afiectioi 

•  It  should  be  stated  that  some  physiologists  believe  that  the  rU 
pharyngeal  is  the  nerve  of  taste,  and  thai  none  of  the  taste  fibres  go 
the  sensory  nuclei  of  the  fifth  nerve.     Others  suppose  that  the  g1o.i«o- 

f>harynpeal  supplies  the  posterior  third,  and  the  chorda  tympani  and 
ingual  the  anterior  two-lhinls  of  the  tongue  with  gustatory  fibres, 
removal  of  the  Gasserian  ganglion  and  the  adjacent  portion  of  the 
nerve  for  severe  and  persistent  neuralgia,  lias  afforded  opportunities 
test  this  question.  But,  unfortunately,  the  results  described  by  varioi 
observers  do  not  agree,  some  tending  that  taste  is  unimpaired  ;  others  chat; 
is  alK)lished.  Gowers  states  that  the  gustatorv  sensations  mav  persist  f( 
some  time  after  the  operation,  although  ultimately  (in  two  or  three  weel 
thev  disappear.  It  may  be  that  this  di»4appearance  is  due  to  secondai 
changes  produced  in  the  end  organs  of  tlie  true  taste  fibres,  the  ta? 
buds,  by  degeneration  of  the  supporting  cells  consequent  on  section  of  t1 
trigeminus. 
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of  tht'  trunk  ol  the  nerve,  since  the  taste  fibres  leave  it  near  its 
origin  (Gowers).  Both  taste  and  touch  are  lost  in  the  monkey 
in  the  anterior  two-thirds  of  the  tongue  after  intracranial  section 
of  the  trigeminus  (Sherrington). 

Vaso-motor  changes  are  occasionally,  and  '  trophic  '  changes 
frequently,  observed  in  disease  of  the  fifth  ner\'e.  The  trophic 
disturbance  is  most  conspicuous  in  the  eyeball  (ulceration  of  the 
cornea,  going  on,  it  may  be,  to  complete  disorganization  of  the 
eye)-  These  effects  arc  partly  due  to  the  loss  of  sensation  in 
the  eye,  and  the  consequent  risk  of  damage  from  without,  and 
the  unregarded  presence  of  foreign  bodies  and  accumulation  of 
secretion  within  the  lids. 

The  sixth  or  abducens  nerve  takes  origin  from  a  nucleus 
in  the  floor  of  the  fourth  ventricle  at  the  level  of  the  |X)stenor 
portion  of  the  j^tons.  It  supplies  the  external  rectus  muscle 
of  the  eyeball.     Paralysis  of  it  causes  internal  squint. 

The  seventh  or  facial  nerve  arises  from  a  nucleus  in  the 
reticular  formation  of  the  medulla  oblongata,  and  nmning  up 
some  distance  into  the  pons.  It  supplies  the  muscles  of  the 
face  ;  and  when  these  are  greatly  developed,  as  in  the  tnmk  of 
the  elephant,  the  nerve  reaches  very  large  projjortions.  Since 
the  fibres  which  connect  the  nucleus  with  the  cerebral  cortex 
decussate  about  the  middle  of  tlie  pons,  a  lesion  above  this 
level  which  causes  hemiplegia  j^aralyzes  the  face  on  the  same 
side  as  the  rest  of  the  body — i.c,  on  the  side  opposite  the  lesion. 
But  the  paralysis  is  confined  to  the  muscles  of  the  lower  portion 
of  the  face,  and  atiects  especially  the  muscles  about  the  mouth. 
Sometimes  the  jiyramidal  tract  and  the  facial  ner\e,  or  nucleus, 
are  involved  in  a  common  lesion.  In  this  case  parals^is  of  the 
face  is  on  the  side  of  the  lesion,  and  is  total,  while  the  rest  of 
the  body  is  paralyzed  on  the  opposite  side.  Complete  facial 
paralysis  is  often  caused  by  an  inflammatory  process  in  the 
nerve  itself  (neuritis).  The  symptoms  of  complete  facial 
palsy  are  very  characteristic.  The  face  and  forehead  on  the 
paralyzed  side  are  smooth,  motionless,  and  devoid  of  expression. 
The  eye  remains  open  even  in  sleep,  owing  to  paralysis  of  the 
orbicularis  paJi.>ebrarum.  A  smile  Incomes  a  grimace.  An 
attempt  to  wink  with  both  eyes  results  in  a  grotesque  contor- 
tion. The  mouth  appears  like  a  diagonal  slit  in  the  face,  its 
angle  being  drawn  up  on  the  sound  side,  and  the  patient  cannot 
bring  the  lips  sufficiently  close  together  to  be  able  to  blow  out 
a  candle  or  to  whistle.  Liquids  escape  from  the  mouth,  and 
food  collects  between  the  paralyzed  buccinator  and  the  teeth. 
The  labial  consonants  are  not  proj>erly  pronounced.  Taste  may 
be  lost  in  the  anterior  two-thirds  of  the  tongue  when  the  nerve 
is  injured  between  the  entrance  of  the  gustatory  fibrc*s  from  the 
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trigeminus  and  their  exit  hy  the  chorda  tympani,  but  not  u 
the  lesion  is  in  the  nucleus  of  origin,  ar  any\vhere  above 
Hearing  is  sometimes  impaired  because  the  auditory  and  fai 
nerves,  lying  close  together  for  part  of  their  course,  are  apt 
suffer  together,  but  perhaps  also  because  the  stapedius  m 
is  supplied  hy  the  seventh. 

The    eighth    or    auditory    nerve   arises    from    the    medulla 
oblfin^ata  by  two  roots  (a  dorsal  and  a  ventral),  one  of  wliicb 
passes  in  on  each  side  of  the  restiforra  body.    The  auditory 
nucleus  in  the  floor  of  the  fourth  ventricle  consists  of  two  part 
a  lateral,  or  outer,  and  u  median,  or  inner,  nucleus.     The  lat 
nucleus  we  have  already  recognised,   under  the  name   of 
nucleus  of  Deiters,  as  a  j»ossibIe  origin  of  the  antero-late 
descending  tract.      It  has  a  comparatively  slender   connecti 
witJi  the  auditory  nerve,  as  a  nucleus  of  reception  for  some 
the  fibres  of  the  ventral  auditory  root,  the  axons  of  which,  and 
es])eciaUy  their  collaterals,  form  synapses  with  some  of  its  c 
The  median  auditory  nucleus  is  also  a  nucleus  of  reception 
the  ventral  root.     Through  tlie  nucleus  ol  Deiters  the  ventral 
root  is  connected  with  the  cerebellum.     At  the  junction  of  the 
dorsal  and  ventral  roots  on  the  ventral  surface  of  tlie  restiform 
body  lies  a  swelling — the  accessory  nucleus — into  which,   and 
into  another  smaller  swelling — the  tuberculum  acusticum — the 
fibres  of  the  dorsal  root  pass,  and  with  whose  cells  they  co 
into   contact   by    their   end   arborizations.     The  nerve-cells 
the    accessory    nucleus    and    the    acoustic    tubercle,    therefore, 
constitute  the  nucleus  of  rece]ition   for  the  dorsal   root-fibres. 
The  cells  of  origui.  both  of  the  dorsal  and  of  the  ventral  rool»  arc 
situated  in  the  internal  ear.  the  former  in  the  ganglion  spirale, 
or  ganglion  of  Corti,  wliich  is  embedded  in  the  bony  spiral  of 
the  cochlea,  the  latter  in  the  ganglion  vcstibulare,  which  lies 
in  the  vestibule.     These  cells  seem  to  correspond  to  the  ganglion 
cells  on  tlie  posterior  root  of  a  spinal  nerve,  but,  unlike  thera, 
they  remain,  even  in  mammals,  bipolar  throughout  life.     Their 
central  processes  form  the  axons  of  the  auditory  nerve.    Their 
]>eripheral   processes  are  distributed  in  the  c;ise  of  the  dorsal 
root  to  the  organ  of  Corti,  in  the  case  of  the  ventral  root  to  the 
semicircular  canals  and  the  vestibule.     For  this  reason  the  do 
root  is  often  called  the  cochlear  division,  and  the  ventral  root' 
the  vestibular  division  of  the  auditory  nerve.     And  it  is  believ 
that  the  cochlear  and  vestibular  roots  are  physiologically 
well  as  anatomically  distinct.     For,  as  we  shall  see  (p.  733) 
it  is  extremely  probable  that  the  cochlea  subserves  the  function^ 
of  hearing,   the  semicircular  canals  and  vestibule  the  functioi 
of  equilibration.     We  must  assume,   from  clinical  and  experi 
mental  data,   that   the  dorsal   root   is  connected    through   i 
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nuilet  with  the  first,  or  first  and  second  temporo-s[)henoida! 
convolutions  on  the  oppt^site  side.  The  stria  acusHca,  a  series 
of  prominent  strands  that  run  transversely  across  the  floor  of 
the  fourth  ventricle,  consist  of  fibres  arising  in  the  accessory 
nucleus  and  the  acoustic  tubercle,  and  form  a  portion  of  this 
central  path.  Two  prominent  symptoms  may  be  associated 
with  disease  of  the  auditory  ner\^e — (a)  disturbance  or  loss  of 
hearing  ;  {b)  loss  or  impairment  of  equilibration 

The  ninth,  or  glosso-pharyngeal,  the  tenth,  or  vagus, 
and  the  eleventh,  or  spinal  accessory  nerves,  may  l>e  con- 
sidered together.  They  are  connected  with  an  elongated  nucleus 
in  the  medulla  oblongata,  the  upper  portion  of  which  is  esj>ecially 
related  to  the  glosso-pharyngeal,  the  middle  to  the  vagus,  and 
the  lower  to  that  division  of  the  spinal  accessory  which  arises 
from  the  medulla,  and  which  may.  therefore,  be  called  the 
bulbar  accessory.  Since  the  fibres  of  the  nerves  related  to  this 
nucleus  pass  into  it  from  the  nerve-roots  to  form  s^Tiapses  with 
its  cells,  it  must  be  looked  ujwn  not  as  a  nucleus  of  origin  for 
these  fibres,  but  as  a  nucleus  of  reception.  An  additional 
nucleus  of  reception  for  some  of  the  afferent  fibres  is  supplied 
by  scattered  cells  in  the  lateral  grey  matter  of  the  cord  as  far 
down  as  the  fourth  cer\'ical  nerve,  and  in  the  formatio  reticu- 
laris of  the  medulla.  The  fibres  i>assing  down  to  arborise 
around  these  cells  form  a  bundle,  called  the  fasciculus  solitarius, 
or,  since  they  belong  mainly  to  the  ninth  nerve,  the  ascending 
root  of  the  glosso-pharynge^il.  The  cells  of  origin  of  these 
aflerent  fibres  are  unipolar  ganglion  cells  of  somewhat  the  same 
type  as  those  of  the  spmal  ganglia.  They  arc  situated  in  various 
ganglia  connected  with  the  v.igus  (ganglion  jugulare  and  ganglion 
nodosum)  and  with  the  glosso-pharyngcal  (ganglion  |>ctroAum 
and  ganglion  superius).  Their  central  processes  become  tJie 
afferent  axons  of  the  nerve-roots,  their  peripheral  processes 
pursue  their  course  as  the  axons  of  sensory  fibres  to  the  struc- 
tiu"cs  to  which  the  nerves  are  distributed.  A  motor  nucleus  of 
origin  is  the  nucleus  ambigims,  which  lies  in  the  reticular  forma- 
tion of  the  bulb.  The  axons  of  its  cells  proceeii  mamly  to  the 
vagus,  althovigh  some  of  them  may  enter  the  other  two  nerves. 
The  spinal  portion  of  the  spinal  accessory  is  a  purely  motor 
ner\'e.  Its  cells  of  origin  lie  in  the  lateral  horn  of  the  cord  from 
about  the  level  of  the  first  to  the  sixth  or  seventh  cervical 
nerves.  Some  authors  consider  tliat  the  bulbar  accessory  is 
also  entirely  motor,  but  this  is  probably  erroneous. 

The  ghsso-f>htiryngeal  has  both  sensory  and  motor  fibres — 
sensory  for  the  posterior  third  of  the  tongue  and  the  mucous 
membrane  of  the  back  of  the  mouth,  motor  for  the  middle  con- 
strictor  of   the   pharynx   and    the   stylo-pharyngeus.     It   als-^ 
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contains  the  nerves  of  taste  for  the  posterior  third  of  the  tongu< 
but  these  reach  it  from  the  fifth  nerve. 

The  vetf^us  contains  both  sensory  and  motor  fibres,   the  latt< 
partly  derived  from  the  accessory,  whose  internal  branch  joi 
it  not  far  from  its  origin.    The  distribution  of  the  nerve  is  m< 
extensive  than  that  of  any  other  in  the  body.     The  oesophaj 
receives  both  motor  and  sensorv  liranrhes  from  the  oesopbagej 
plexus.     The  pharynf^eal  branch  ol  the  vagus  is  the  chief  niot< 
nerve  of   the   pharynx   and   soft   palate   (including    the    U 
palati).     The  sujierior  laryngeal  branch  is  the  nerve  of  commooeP 
sensation  for  the  larynx  above  the  vocal  cords,  and  the  motor 
nerve  of   the  crico-thyroid  muscle.     The  inferior  or   recurrent 
larjTigeal  supplies  the  rest  of  the  laryngeal  muscles,   and   the 
sensory  fibres  for  the  miiroiis  membrane  of  the  trachea  and  the 
larynx    below    the    glottis.     The    superior    laryngeal    con  tail 
afferent   fibres,    stimulation   of   which   gives   rise    to    coughti 
slows  respiration,  or  stops  it  in  expiration.     Reflex  movemeni 
of  deglutition  are  also  caused.     The  vagus  supplies  the  l\ing  boi 
with  motor  and  sensory  filaments  through  the  pulmonary  plexi 
The   motor   fibres   when   stimulated   cause   constriction    of    t] 
bronchi  ;  excitation  of  the  afferent  fibres  causes  reflex  changes 
in  the  rate  or  depth  of  respiration.     The  cardiac  branches  coa-^j 
tain  inhibitory  fibres  probably  derived  from  the  spinal -acce&^H 
sory,  and  depressor  fibres  which  pass  up  in  the  vagus  trunk^^ 
(dog),  or  as  a  separate  nerve  to  join  the  vagus  or  its  superior 
laryngeal  branch  or  both  (rabbit).     The  gastric  and  intestinal 
branches  contain  both  motor  and  sensory  nerves  tor  the  stomach 
and    intestines.     The    sensory   are   probably    large    medullated 
fibres  (7  ^  to  {)  fi).     The  afferent  vagus  fibres  from  the  stomach, 
carry  up  impulses  which  excite  the  action  of  vomiting.     Le&ioi 
of  the  vagus,  its  nuclei  of  origin,  or  its  branches,  are  associate 
with  many  interesting  forms  of  paralysis  and  other  symptoms. 
Paralysis  of  the  phar^Tix  is  generaliv  caused  by  disease  ot  thi 
nucleus  in  the  medulla.     From  its  anatomical  relation   to  l\\i 
nuclei  of  the  glosso-phar\Tigeal  and  hy[>oglossal,  it  will  be  easil] 
understood  that   these  nerves  are  often   involved  in   IocaJi/< 
central  lesions  along  with  the  vagus.     But  the  fact  that  in  glosso- 
labio- laryngeal  palsy — a  condition  characterized  by  progressiv< 
paralysis  and  atrophy  of  the  muscles  of  the  tongue,  lips,  larjTix, 
and  pharynx — the  orbicularis  oris  is  paralyzed,  while  the  othei 
muscles  supplied  by  the  facial  remain  intact,  would  seem  to  shoi 
that  in  system  diseases  it  is  not  so  much  anatomical  groups 
nerve-cells  which  are  liable  to  simultaneous  degeneration  ani 
failure,   as   physiological   groups   normally  associated   in    par- 
ticular   fimctions.     Such    functional   groups   of   cells,    occupi* 
with  the  same  kinds  of  labour  at  the  same  times  and  under 
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same  conditions,  may  be  supp>osed  to  take  on  a  similar  bias 
or  tendency  to  degeneration — a  tendency  not  indicated,  it  may 
be,  by  any  structural  peculiarity,  but  traced  deep  in  the  mole- 
cular activity  of  the  cells.  Difficulty  in  swallowing  is  the  chief 
symptom  of  pharv'ngeal  paralysis.  The  symptoms  of  laryngeal 
paralvsis  hav'C  been  already  described  under  '  Voice  '  (p.  255). 
Tachycardia,  or  a  permanent  increase  in  the  rate  of  the  heart, 
has  been  stated  to  occur  in  certain  cases  of  paralysis  of  the 
%*agus,  caused  by  disease  or  accidental  interference  :  and  a 
persistent  slowing  of  the  respiration  has  been  occasionally 
attributed  to  the  same  cause.  But  it  is  difficult  to  reconcile 
many  of  these  cases  with  experimental  results,  for  in  most  of 
them  tlie  lision  only  involved  one  vagus  ;  and  in  animals  section 
of  one  vagus  has  no  ]>ermanent  effect  on  the  rate  of  the  heart  or 
of  the  respiratory  movements. 

Destniction  of  the  nerve  near  its  origin  has  been  sometimes 
found  associated  with  disappearance  of  the  food-appetites,  hunger 
and  thirst,  and  it  has  been  assumed  that  this  was  due  to  loss  of 
afferent  impulses  from  the  stomach.  But  clinical  testimony  is  by 
no  means  unanimous  on  this  point,  and  ex]ieriments  on  animals 
show  that  other  factors  are  involved  in  these  sensations. 

The  spimtl  accessory  nerve,  soon  after  the  junction  of  its  bulbar 
and  spinal  portions,  divides  into  two  branches,  an  internal 
and  an  external.  The  external  branch  passes  out  to  supply  the 
trapezius  and  stemo-mastoid  muscles  with  motor  fibres.  The 
internal  branch  passes  bodily  into  the  vagus. 

The  twelfth  or  hypoglossal  nerve  is  exclusively  an  efferent 
nerve.  Its  nucleus  of  origin  is  an  elongated  collection  of  large 
nerve-cells  lying  in  the  bulb  close  to  the  median  line  and  parallel 
to  it.  It  contains  the  motor  supply  of  the  intrinsic  and  extrinsic 
muscles  of  the  tongue  and  of  the  thyro-  and  genio-hyoid.  Par- 
alysis of  it  causes  deficient  movement  of  the  corresponding  half 
of  the  tongue.  When  the  tongue  is  put  out,  it  deviates  toward* 
the  i>aralyzed  side,  being  pushed  over  by  the  unparalyzed 
genio-hyoglossus  of  the  opposite  side,  which  is  thrown  into 
action  in  protruding  the  tongue. 


The  Functions  of  the  Brain. 

The  paths  by  which  the  various  parts  of  the  central  nervous 
system  are  connected  with  each  other  and  with  the  periphery 
have  l3cen  already  described,  and  we  have  completed  the  ex- 
amination of  the  functions  of  the  spinal  cord  and  medulla 
oblongata.  The  events  that  take  place  in  the  upper  part  of 
the  central  ner\'ous  stem  and  in  the  cortex  of  the  cerebellum 
and  cerebrum  now  '*'  '      "'«•  Attention. 
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From  very  early  times  the  brain  has  been  popularlv  believed  Mj 
be  the  scat  of  all  that  we  meiin  by  consciousaess — sensation,  ideatimwl 
emotion,  volition.     And  he  who  loves  to  trace  the  roots  of  thim 
back  into  the  i)ast  may  see,  if  he  choose,  running  through  the  whf 
texture  of  the  older  speculations  a  bchef  that  the   brain   docs  rw 
act  as  a  whole,  but  is  di\-idcd  into  mechanisms,  each  with  its  specw 
work — a  forcshado\vinp,  often  in  grotesque  outlines,  of  the  doctnn 
of   locaHzation   so   widely   held    to-day.     But    until    coniparati\Th 
recent    times,    cerebral   physiolog\*   remained    a    kind    of    scientit 
terra  incopiita  ;  and  no  notable  additions  were  made  for  a  thous 
years  to  the  doctrines  of  Galen.     E^*en  to-day  the  utmost  limit 
our  knowledge  is  reached  when  in  certain  cases  we  have  connect* 
a  particular  movement  or  sensation  with  a  more  or  less  shari^V)^ 
denned  anatomical  area.     How  the  cerebral  processes  that  Icaa  i 
sensations  and  movements,  to  emotions  and  inteUectual  acts. 


— — Carpu*  txrJMHni 


— .Ancerior  |Mllar  itf  tl 

fornix 


Optic  thaJamuft 
'Phinl  vvril^Hle 


Fjo.'"307. —Horizontal  Section  thhouoii  Brain  to  show  the  Basal  Gami 
AND  Third  Ventricle  (IKuan). 


and  die  out ;  what  molecular  changes  are  associated  with  them 
abo\'e  all,  how  the  molccuhir  changes  are  translated  into  conscious- 
ness—how, for  example,  it  is  that  a  series  of  nervc-impulscs  fhckerin$ 
across  tlie  labyrinth  of  the  occij-ntal  cortex  should  light  uj)  thero 
a  visual  sensation — these  arc  questions  to  which  we  can  as  yet  givel 
no  answer,  and  the  answers  to  some  of  which  must  for  ever  remain 
hidden  from  us. 

Functions    of    the   Upper  Part  of    the  Central   Stem  and   Basal 
Ganglia. — The  function  of  the  pons  is  sufficientlv  indicated  by  its 
name.     The  grey  matter  so  plentifully  scattered,  e^jpocially  in  its 
ventral  portion,  may  exercise  a  not  unim])ortant  influence  on  thoi 
impulses  tliat  traverse  it.     But  on  the  whole  its  main  office  is  lol 
provide  a  bridge  along  which  impulses  may  travel  between  other j 
portions  of  the  iicr\'ous  system.     We  liave  already  seen  that  many 
of  its  transverse  fibres  are  the  cerebellar  segments  of  commissural! 
arcs  interrupted  by  pontine  grey  matter,  and  continued  by  6br< 
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of  the  crura  cerebri,  internal  capsule  and  corona  radiata  to  the 
prefrontal,  temporal,  and  occipital  portions  of  the  cerebral  cortex 
(p.  692).  On  its  dorsal  aspect  in  the  floor  of  the  fourth  ventricle 
are  the  nuclei  of  origin  (or  reception)  of  the  fiftli.  sixth,  and  seventh 
cranial  nerves.  Various  reflex  centres  are  situated  here  —  e.^., 
that  ior  the  closure  of  the  eyelids,  when  the  conjunctiva  is  stimu- 
lated. 

The  posterior  corpora  quadngemina  (testes)  and  internal  genicu- 
late bodies  arc  connected  with  the  cochlear  division  of  the  auditory 
nerves,  and  therefore  have  some  relation  to  the  sense  of  hearing. 
Stimulation  of  the  testes  causes  a  (peculiar  cry,  and  the  pupils 
dilate. 

The  anterior  corpora  quadri^efnina  (nates)  and  the  lateral  corpora 
ftniculata  arc  connected  with  the  optic  tracts.     Their  development 

18  arrested  after  _ 

extirpation  of  the 
eyeball  in  young 
animals,  and  they 
may  therefore  be 
assumed  to  be  con- 
cerned in  \'ision,  al- 
though the  size  of 
their  homologues, 
the  optic  lobes  or 
corpora  bigemina,  in 
animals  below  the 
rank  of  mammals 
(birds,  reptiles,  am- 
phibians), does  not 
seem  to  be  related  to 
the  development  of 
the  organs  of  sight. 
The  Proteus  and  the 
Hag-flsh,  e.g.t  have 
large  optic  lobes. 
rudimentary  eyes 
and  optic  tracts. 
The  optic  ncr\-e,  the 
antcriorcorpus  quad* 
rigeminum,  the 
nucleus  of  the  oculo- 
motor nerve  in  the 
wall  of  the  Sylvian 
aqueduct,  and  the 
fibres  wlucli  it  carries 
to  the  ins.  form  a  reflex  arc  for  the  contraction  of  the  pupil  to 
Ught,  as  represented  in  Fig.  3U5,  p.  731. 

The  functions  of  the  optic  thalami  have  not  been  satisfactorily 
defined  either  by  experiment  or  riat  hological  obser\'ation.  Lying 
as  they  do  in  the  istnmus  of  the  brain,  begirt  by  the  great  motor 
and  senson,'  paths,  it  is  to  be  expected  that  lesions  of  the  thalami 
should  a0ect  tUso  the  internal  capsule,  and  give  rise  to  the  s\'niptoui5 
of  motor  and  sensory  paralysis.  But  no  definite  defect  of  motor 
power  or  common  sensation  has  ever  been  unequivocally  connected 
wth  a  lesion  restricted  to  the  thalami.  They  have,  however, 
extensive  connections  with  the  cerebral  cortex,  each  of  the  thalamic 


Fic.     3oii.— LoNOiTt'DivAi.    Skctiun    uf    Tiie    Gfiiv 

MATTER     or     A     LAMtLUl     OP     THB     CfiKEitELLUM 

(OlACRAMUATIC.    AFTER    KoLLIKER). 

ff^  ■■*  *  granule  '  cell  with  its  axon,  n  ;  «',  bifurca- 
tioD  of  ri,  in  tbc  molecular  layer,  into  two  fine  longi* 
tudinal  branches  ;  m,  a  Piirkinje's  ccH ;  m'.  rlcndritic 
antler  proress  (Golgi's  method). 
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Quclei  being  connected  with  a  deiinite  cortical  region  in  such  a  way 
that  destructi<jn  of  t)ie  cortical  area  in  young  animals  or  human 
beings  leads  to  degeneration  ol  tlie  corresponding  nucleus.  It  i^ 
the  afferent  patlis  to  the  cortex  w-ith  which  they  are  speciaJly  related 
as  centres  of  relay.  Many  of  the  fibres  of  the  mesial  fillet  "carrA-iag 
sensory  impulses  up  from  the  cord  to  the  cerebrum,  end  in  the  gre^' 
matter  of  the  thalamus.  The  posterior  portion  of  the  thahinius.  or 
pulvinar,  forms  part  of  the  central  \'isual  apparatus  ;  for  (a)  it  is  fo 
to  be  Tmdcvcloped  in  animals  from  which  the  eyeballs  have 
removed  soon  after  birth ;  (6)  a  portion  of  the  optic  tract  is 
connected  with  it  :  (c)  in  some  cases  of  atrojjhy  of  the  occipii 
cortex,  wtiich,  as  we  shall  see.  is  undoubtedly  a  central  area 
visual  sensations,  atroi?hy  of  tl\e  pul>'inar  lias  also  been  noticed ; 
(rf)  a  lesion  of  the  puK-inar  may  give  rise  to  hemianopia  (p.  720). 

There  may  exist  in  the  posterior  portion  of  the  optic  thalamus 
a  mechanism  controlling  the  movements  of  locomotion,  and  through 
which  the  cerebellum  exerts  its  co-ordinatinj;  function  on  t 
movements. 

Hsemorrhage  into  the  caudate  or  lenticular  nucleus  of  the  corp 
striatum  often  causes  hemiplegia,  but  this  is  always  due  to  ira 
pUcation   of   the   internal   capsule.      Exijerimental   lesions   in   do; 
and    rabbits  are   followed    by  disturbances   of   the   hcat-regula 
mechanism  and  rise  of  temperature. 

Certain  structures  belonging  to  the  primary  fore -brain,   which 
have  now   no   functional   importance,    may   nevertheless   be    m 
tioned  as  milestones  in  the  march  ol  development.     The   f^$n 
body  is  made  up  of  the  vestiges  of  the  unpaired  mesial  eye  of  su 
animals  as  the  ancient  lab\Tinthodonts,  which  resembled   the 
of  invertebrates  in  having  the  retinal  rods  directed  towards  t 
cavity  instead  of  towards  the  circumference  of  the  eyeball.     I' 
many   living    forms,    especially    in   certain    lizards,    tliis    pineal 
parietal  eye  is  found  in  a  more  perfect  condition,  though  covered 
ty  a  thin  membrane.     The  ganglia  habenulct  seem  to  represent  the 
optic  ganglia  of  this  cyclopcan  eye.     The  infundibuium  is  probably 
what  remains  of  the  gullet  of  the  ancestors  of  the  vertebrates.     ThJo 
pituitary  body  consists  of  two  portions,  the  anterior  lobe,  or  hy 
physis,  derived  from  the  buccal  ca\ity.  the  i>ostcrior  lobe,  or 
fundibular  body,  from  the  primary  fore-brain.     VVc  have  alreadjT 
spoken  of  the  action  of  extracts  of  the  pituitary  (p.  493). 
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Functions  of  the  Cerebellum. — The  elaborate  pattern  of 
the  arbor  vita^,  the  appearance  given  by  the  branched  lamime 
ifl  a  section  of  the  cerebellum,  excited  the  speculation  of  the  ol 
anatomists.  A  structure  so  marvellous  must  be  matched,  the 
thought,  with  functions  as  unique.  At  a  time  when  the 
coveries  of  Galvani  and  Volta  were  fresh,  and  the  world  ran  mad' 
on  electricity,  the  hyixatliesis  of  Rolando,  that  '  nerve-force  * 
was  generated  by  the  lamellae  of  the  cerebellum  as  electrical 
energy  is  generated  by  the  plates  of  the  >'oltaic  pile,  ridiculo 
as  it  now  appears,  was  not  unnatural.  The  speculation  of  G 
who  connected  the  cerebellum  with  the  development  of  sex 
emotions  and  the  action  of  the  generative  mechanisms,  was 
based  on  no  fact.     It  has  been  definitely  disproved   by   the 
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observations  of  Luciaut,  who  found  that  a  bitch  deprived  of 
its  cerebellum  showed  all  the  phenomena  of  heat  or  '  rut,'  wa*i 
imprefjnated,  whel])ed  at  full  term  in  an  entirely  normal  manner, 
and  manifested   the  maternal   instincts  in  their   full   intensity. 
Flourens  put  Joiward  the  doctrine  that  the  cerebellum  is  an 
organ     concerned    in    the    co-ordination    of    movements    and 
especially  the  maintenance  of  equilibrium,  supporting  his  con- 
clusions   by  an    elaborate    series    of    experiments.      Notwith- 
standing the  very  large  amount  of  experimental  and  clinical 
study  which  has  been  devoted  to  the  cerebellum  since  the  time 
of  Flourens,   our  knowledge  of  its  functions  has  not  greatly 
advanced   beyond   the   point   then   reached.     After   removal  of 
the   whole    cerebellum    (in    the 
dog  or  monkey),  there  is  at  first 
rigidity    and     tonic     spasm    of 
certain  muscles, which  contribute 
to  the  difficulty  nf  co-ordinating 
their    movements.      When    this 
stage   has    passed,    the   muscles 
all  over  the  body,  but  especially 
those  of  the  loins  and  hind-limb- . 
and   those  which  fix   the  head. 
are    weaker    than    normal,    arc 
deficient   in   tone,  and  contract 
with  a  peculiar  want  of  steadi- 
ness (Luciani).    WTien  one  lateral 
half   of    the   cerebellum    is    re- 
moved,   the    s\Tnptoms    affert 
especially   the   muscles   on   the 
same  side.      In  extensive  lesions 
ol   the  cerebellum  in  man  what 
has    been  noticed   is   a   marked 
inability  to  maintain  the  upright 
posture,   giddiness,  a  staggering 

gait,  twitching  movements  of  the  eyes  (nystagmus),  tremor 
accompanying  ^•olunta^y  movements — in  a  word,  a  general 
breakilown  of  the  co-ordinating  machinery,  and  es|>ecially  of 
the  jiart  of  it  concerned  in  the  movements  necessary  for  loco- 
motion, and  for  the  maintenance  of  the  equilibrium  of  the  body 
— the  so-called  cerebellar  ataxia.  There  is  no  sensory  paralysis 
and  none  of  voluntary  movement,  such  as  lesions  of  the  cerebral 
cortex  produce,  nor  is  there  any  psychical  disturbance.  In  cases 
of  congenital  defect  of  the  cerelx'llum,  the  jwwer  of  walking,  and 
even  of  standing.  n\ay  be  late  in  being  acquired,  and  im|>erfect. 
But  it  is  remarkable  what  great  deficiencies  in  the  cerebellar 
substance  are  often  comi>ensated  for  when  re»a'  '  ^^arlv  in 


Fig.     309.  —  A     Pumkinjb's     Ci!t.t 

PROU    THK   CKKEBCtLLtM   or   A   CaT 

(atteh  Cajal  ;  GoLOiS  Methoo). 
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life,  so  that  even  cases  of  marked  atrophy  or  lack  of  development 
have  sometimes  been  recognised  for  the  first  time  at  the  auiop^v. 
The  connections  of  the  cerebellum  with  other   p>arts  of  tlie 
central   nervous   system   and    with    the   periphery    corroboraU 
the  direct  results  of  experiment.     For,  in  addition  to  the  •  - ;  ' 
impressions,   the  most  important  afferent   impulses    con-' 
in  equilibration  are  those  from  the  muscles,  the  skin,  the  semi- 
circular  canals   and   vestibule   of    the   mternal    ear.      And   the 
cerebellum,  as  we  have  seen  (p.  6qo),  is  linked  with  all  of  thes<. 
and  has  besides  an  extensive  crossed  connection   through  tbc 
middle    and    superior    peduncles    with    the    opposite    cerebrll 
hemisphere.     The  importance  and  extent  of  this  crossed  conned 
tioii  with  the  great  brain  is  illustrated  by  the   facts   that  d 
dis^^e    atrophy    or    deficient    development    of    one    cerebeUaj 
hemisphere  is  associated  with  a  similar  condition  of  the  opposiM 
cerebral  hemisphere,  and  that  a  lesion  in  one-half  of  the  <ctm 
bellum  affects  chiefly  the  co-ordination  of  the   movements  m 
the  same  side  of  the  body — tliat  is  to  say,  of  the  side  connect  J 
with  the  opposite  cerebral  hemisphere.  1 

\Vc  do  not  as , yet  know  the  fullsignificance  of  this  cxtraordiiLinlJ 
free  communication  of  the  grey  matter  of  the  cerebellum  \^^th  evcTT| 

Eart  of  the  central  nervous  system.  But  it  is  evident  that  bv  thd 
road  WgMvay  of  Xhc  restiform  body,  or  the  cross-countr\'  rooten 
from  cerebral  cortex  to  cerebellum,  impulses  may  reach  it  froHB 
ever\-  quarter ;  while  impulses  passing  out  from  it  along  its  pcdunclcn 
may'  influence  the  motor  discharge  either  mdircctly  tluough  Ihd 
RoUndic  corte-K  and  the  pyramidal  tract,  or  more  directly  through  al 
descending  spinal  path  ttuxt  brings  it  into  relation  with  the  nu(.lcll 
of  origin  of  the  motor  nerves.  It  is  an  organ  so  connected  that  isl 
suited  to  take  cognizance  of  the  multitudes  of  afiercnt  improssionai 
concerned  in  the  co-ordination  of  mnvements  and  the  maintenaocal 
of  cquiUbrium.  and  to  regulate  the  outflow  of  efierent  impulses  iai 
correspondence  with  the  inflow  of  afferent.  This  is  a  convenient  I 
place  to  consider  a  httle  more  in  detail  the  nature  and  pcripheiall 
sources  of  the  most  inip«jrtaut  of  iht-sc  afferent  impressions.  I 

(1)  Afferent  Impressions  from  the  Muscles.— Muscles  are  richly fl 
supplied  with  alierent  librcs,  for  about  half  of  the  fibres  in  the  ncr\-«  I 
of  skeletal  muscles  degenerate  after  section  of  the  posterior  roots! 
be>'ond  the  gangha  (Sherrington).  Various  kinds  of  impressions  1 
may  pass  up  these  nerves  :  {a)  Impressions  gi%'ing  rise  to  piiin.  I 
as  m  muscular  cramp  and  in  experimental  excitation  of  even  the  I 
finest  muscular  nervc-filamcnt ;  {b)  impulses  causing  a  rise  of  blood- 1 
pressure ;  (c)  impulses  which  are  not  associated  with  a  distinct  impres- 1 
sion  in  consciousness,  but  which  enable  us  to  lotaliae  the  position  i 
of  the  limbs,  head,  eyes,  and  other  parts  of  the  bodv  ;  (d)  impnlscsl 
which  inform  us  as  to  the  extent  and  force  of  muscular  contraction,! 
and  seem  to  underlie  the  so-called  muscular  sense.  It  is  the  LASt! 
two  kinds — if,  indeed,  they  arc  distinct — which  must  be  concerned^ 
in  equilibration.  In  locomotor  ataxia  such  impressions  arc  blockrm 
by  degeneration  in  a  part  of  the  afferent  path  (p.  706),  and  disorders 
01  equihbrium  are  the  result.  | 
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(2)  Afferent  Impressions  from  the  Skin. — Of  the  various  kinls  of 
inprvc-impuUes  ihat  arise  in  the  nerve-enUiugs  of  the  skin»  onU'  those 
of  touch  and  pressure  seen:i  to  be  concerned  in  the  maintenance  of 
equilibrium.  When  the  soles  of  the  Icct  are  anaesthetized  by  chloro 
form  or  by  cold,  and  the  person  is  directed  to  close  his  eyes,  lie 
staggers  and  sx^Tiys  from  side  to  side.  The  disturbance  of  equiU- 
brium  in  locomotor  ataxia  must  be  partly  attributed  to  the  loss  of 
these  tactile  sensations,  for  numbness  of  the  feet  is  a  frequent 
symptom,  and  the  patient  asserts  that  he  docs  not  feel  the  ground. 
An  interesting:  illustration  of  the  iraiKjrtancc  of  afferent  impulses 
from  the  skin  ui  the  maintenance  of  equilibrium  is  afforded  by  the 
bohaviiiur  of  a  frog  deprived  of  its  cerebral  hemispheres.  Such  a 
Ird^j  will  balance  itself  on  the  edge  of  a  board  like  a  normal  animal, 
but  if  the  skin  he  removed  from  the  hind-legs,  it  will  fall  like  a  log. 

(3)  Afferent  Impulses  from  the  Semicircular  Canals. — The  semi- 
circular canals  are  three  in  number,  and  lie  nearly  in  three  mutually 
rectangular  planes  :  the  external  canal  in  the  horizontal  plane,  the 
superior  canal  in  a  vertical  longitudinal  plane,  and  the  posterior 
canal  in  averti- 
cal  transverse 
plane.  Each 
can^U  bulges 
out  at  one  end 
into  a  swelling, 
or  ampulla, 
which  openfe 
into  the  utri- 
cular division 
of  the  vestibule 

(Figs.  3 10. 377  K 
The  other  ex- 
tremities of  the 
sui)erior  and 
posterior  canals 
join  together, 
and  have  a 
common  aper- 
ture into  the 
utncle,  but  the 

undilated  end  of  the  external  or  horizontal  canal  opens  separately. 
The  utricle  and  the  semicircular  canals  are  thus  connected  by 
five  distinct  orifices.  The  greater  part  of  thr  internal  surface  of 
the  membranous  canals,  utricle  and  saccule,  is  lined  by  a  single 
layer  of  flattened  epithelium.  But  at  one  part  of  each  ampulla 
projects  a  transverse  ridge,  tlie  crista  acustica.  covered  not  with 
squamous,  but  with  long  colunmar  epithelium.  Hair-like  processes 
(auditory  liairs)  are  t)orne  by  some  of  the  columnar  ccUs,  between 
wliicli  lie  more  elongated  tibre-Uke  supporting  cells.  The  hairs 
project  into  a  mucus-Ukc  mass,  sometimes  containing  otoconia,  or 
cr^'stals  of  calcium  carbonate.  The  ampulla?,  like  the  rest  of  the 
membranous  lab>Tinth,  is  filled  with  a  watery  liuid  called  endolymph. 
The  utricle  and  saccule  have  each  a  somewhat  similar  but  broader 
elevation,  the  macula  acustica,  covered  with  epitheUum  and  hair- 
cells  of  the  same  character,  and  the  hairs  project  into  a  similar  mass  in 
wluch  otoconia  arc  constantly  present.  In  afv"»*»  animaU.  as  fishes, 
the  calcareous  matter  in  tlu*  ntrirl**  ant*  *  -^n- 


H 


Fig.    ji->.— Tub    SeufcmcuLAH    Cakals    (Diaoramhatic) 

(AriEK     EWALO). 

H,  horifonUl  or  external ;  S,  superior ;  P.  posterior. 
The  two  horizontal  canals  lie  in  the  same  plane.  The 
plaiie  of  the  superior  \ertical  canal  of  one  side  is  parallel 
to  the  plane  of  the  posterior  vertical  canal  of  the  opposite 
»(lc. 
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siderable  size  {otoliths).     Fibres  of  the  auditon'  nerve  end  in 
tioiis  around  the  bodies  ol  the  hair-cells  oi  the  macuhe  and 
acusticie.     We  have  already  seen  that  it  is  the  vestibular  div 
of  the  nerve  which  is  especially  related  to  the  vestibule  (p.  734). 

There  is  very  strong  cxndence  that  the  semicircular  canaU  axe  1 
ccmed,  not  in  hearing,  but  in  equilibration.     A  pigeon  from  u* 
the  membranous  canals  have  been  removed  still  hears  perfectly 
so  long  as  the  cochlea  is  intact,  but  exhibits  the   most   profoi 
disturbance  of   cq^uilibrium.     If  the  horizontal  ciinal    is   destrovi 
or   divided   the    pigeon    moves   its   head   continually    from    side 
side  around  a  vertical  axis  ;  if  the  superior  canal  is   divided, 
head  moves   up  and  down  around  a  horizontal  axis.      The   poi 
of  co-ordmation  of  movements  is  diminished,  but  not  to  the  sai 
extent  in  all  kinds  of  animals.     Thrown  into  the  air,   the  pigeon 
helpless  ;  it  cannot  fly  ;  but  a  goose  with  divided  semicircular  c; 
car  still  swim.     The  condition  is  only  temporary,  even  w^hcn 
injmry  involves  the  three  canals  on  one  side  :  but  if  the  canals 
both  sides  arc  destroyed,  recovery  is  tardy,  and  often  incomplei 
In  mammals  the  loss  of  co-ordination  is  much  less  than  in  birds: 
and  movements  of  the  eyes,  the  direction  of  which  de|.>ends  on  tbc_ 
canal  destroyed,  lake  to  a  large  extent  the  place  of  movements 
the  head.     The  effects  of  destructive  lesions  have  their  counter! 
in  the  phenomena  caused  by  stimulation  ;  excitation  of  a  postcri* 
canal,  for  example,  in  the  pigeon  causes  movements  of  the  head  froi 
side  to  side. 

Lee's   results   in    fishes    are,   on    the  whole,   of    similar   ten< 
Mechanical  stimulation  of  the  ampulla*  in  the  dogfish,  by  pressii 
on  them  with  a  blunt  needle,  calls  forth  cliaracteristic  movement 
of  the  eyes  and  fins,  and  electrical  stimulation  of  the  auditory  nerve^ 
causes  movements  compounded  of  the  separate  movements  ofotaine<l 
by  stimulation  of  the  ampuUse  one  by  one.     Lee  concludes  that  tlic, 
semicircular  canals  arc  the  sense-organs  for  dynamical  equihbnui 
(f.«.,  equilibrium  of  an  animal  in  motion),  and  tKc  utricle  and  sacci 
for  statical  equilibrium  (i.^.,  equilibrium  of  an  animal  at  rest). 

The  evnidence  from  all  sources  points  strongly  to  the  conduct 
that  afferent  impulses  are  actually  set  up  in  the  fibres  of  the  audiCoi 
nerve,  through  the  hair-cells,  by  alterations  of  pressure  or  by  strcanij 
ing  movements  of  the  endolymph  when  the  position  of  the  head  i| 
changed.     Rotation  of  the  head  to  the  right  may  be  supposed 
cause  the  endolymph  in  the  right  external  canal,  in  virtue  of  i1 
inertia,  to  lag  behind  the  movement,  and  to  press  upon  the  antcrii 
surface  of  the  ampulla.     The  disorders  of  movement  after  lesions 
the  canals  may  be  explained  as  the  result  of  the  withdrawal 
certain  of  these  afferent  impulses,  and  the  consequent  overthrow 
that  equipoise  of  excitation  necessarx*  for  the  maintenance  of  cqi 
librium.     Even  in  man  there  is  evidence  of  the  existence  of  soi 
mechanism  not  depending  on  the  muscular  sense  or  on  impressi< 
pa.ssing  up  the  channels  of  ordinarx'  or  special  sensation,  by  whi< 
orientation  (the  determination  o(  tfie  posirion  of  the  body  in  space] 
is  rendered  possible.      For  a  man  lying  perfectly  still,  with  eyes  shu^ 
on  a  horizontal  table  which  is  made  to  rotate  uniformly,  can  not 
only  judge  whether,  but  also  in  what  direction,  and  approximately, 
through  what  angle,  he  is  moved  (Crum  Brown).     The  phenomi 
of  i>athology  afford  weighty  additional  testimony  in  favour  of 
equilibratory  function  of  the  semicircular  canals.     For  many  cas 
of  vertigo  are  associated  with  cliangcs  in  the  internal  car  (Mei 
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disease).  And  while  nearly  every  normal  indn-idual  becomes  dizzy 
when  rapidly  rotatctl,  35  per  cent,  ol  deal-mutes  are  entirely  un- 
affected (James),  aod  the  proportion  secras  to  be  much  higher  among 
congenital  deaf-mutes.  Kreidl  and  Bruck»  too,  have  found  that 
abnormahtics  of  locomotion  and  equUibration  are  much  more 
common  in  deaf-and-dumb  children  than  in  others.  Now,  in  these 
cases  the  defect  is  usually  in  the  internal  car.  We  must  conclude, 
then,  that  the  co-ordination  of  muscular  movements  necessary  for 
cquihbrium  is  achieved  in  some  centre,  to  which  afferent  impulses 
pass  from  the  internal  car  by  the  vestibular  branch  of  the  auditorv 
nerve,  and  from  which  efferent  impulses  pass  out  to  the  muscles.  li, 
as  there  is  strong  reason  to  believe,  this  centre  is  situated  in  the 
cerebellum,  the  efferent  path  is  in  all  probability  an  indirect  one 
(perhaps  by  commissural  fibres  to  the  Rolandic  area,  and  then  out 
aJong  the  p^Tamidal  tract),  or  more  probably  to  lower  centres, 
perhaps  in  the  posterior  portion  of  the  optic  thalamus,  which  control 
such  massive  co-ordinated  movements  as  those  concerned  in  walking 
and  the  maintenance  of  the  normal  attitude,  and  thence  out  along 
certain  tracts  that  connect  the  thalamus  to  the  spinal  cord. 

Ewald  has  made  an  observation  which  illustrates  the  peculiar 
relation  of  the  semicircular  canab  to  the  muscular  system — namely, 
tiaat  the  labyrinth  (in  rabbita)  influences  the  course  of  rigor  mortis 
in  the  striped  muscles.  Kigor  docs  not  come  on  so  soon  on  the  side 
from  whicn  the  labyrinth  has  been  removed  (p.  ^c^i). 

In  birds  and  lower  vertebrates  the  cerebellum  is  only  represented 
bv  thr  worm.  Yet  in  many  of  these  animals  the  same  characteristic 
disturbances  follow  its  removal  as  in  the  higher  animals  where  the 
cerebellar  hcmLspheres  have  become  so  prominent.  Indeed,  it  was 
mainly  on  the  pigeon  that  Flourens  made  his  classical  experiments. 
At  first  the  pigeon  can  neither  fly  nor  feed  itself.  When  it  attempts 
to  walk  extensor  spasms  of  the  legs  come  on.  and  it  falls.  Mildly 
struggling  and  apparently  |.>amc -stricken,  to  the  ground.  The  power 
of  flight  is  soon  regained,  but  for  a  long  time  the  animal  is  unable 
to  ]>erch,  the  legs  and  talons  stiffening  in  rigid  extension  as  it 
attempts  to  alight. 

In  tnc  higher  animals  stimulation  of  certain  parts  of  the  worm  and 
lateral  lobe  caust-s  conjugate  movements  of  the  eyes  towards  the 
same  side,  both  eyes  being  turned  to  the  right,  e.g.,  when  the 
cerebellum  is  stimulated  to  the  right  of  the  middle  line.  Inhibition 
of  movement  can  also  be  elicited  from  the  organ.  Excitation  of 
the  cerebellar  cortex  for  some  distance  outwards  from  the  line  of 
junction  of  the  superior  worm  with  the  lateral  lobe  in  animals 
which  exhibit  tonic  contraction  of  extensor  muscles  after  excision 
of  the  cerebral  hemispheres  (decerebrate  rigidity  or  acerebral  tonus, 
as  it  is  called)  causes  immediate  relaxation  of  the  rigid  muscles  of 
the  neck,  tail,  and  especially  the  anterior  limb,  particularly  on  the 
same  side.  The  relaxation  of  the  extensors  may  be  accompanied 
bv  contraction  of  the  antagonistic  flexors — for  example,  relaxation 
ol  the  triceps  and  contraction  of  the  biceps  (Horslcy  and  Ixiwenthal). 
But  this  can  scarcely  be  considered  a  reaction  specific  to  the 
cerebellum.  For  Sherrington,  who  finds  that  the  tonus  or  spasm 
is  largely  due  to  centripetal  impulses  coming  from  the  rigid  limb,  has 
been  able  to  inliibit  it  by  stimulation  of  various  other  regions,  including 
the  portinn  of  the  cerebral  cortex  around  the  fissure  of  Rolando. 

Forced  Movements. — We  have  incidentally  mentioned  that  in 
fishes  injuries  to  the  scm»  •  may  give  rise  to  movements 
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which  seem  to  be  beyond  the  control  of  the  anima],  and  which  haw. 
consequently  received  the  name  of  '  forced  movements.'  It  may 
added  that  when  the  internal  ear  of  a  Necturus  (one  of  the  tai 
ampliibia)  is  destroyed  on  one  side,  rapid  movements  of  roU 
around  it  loiigitndinal  axis  are  observed.  The  animal  spins  rou 
and  round  apparently  wthout  voluntary'  control,  purpose* 
fatigue.  Tlie  direction  of  rotation  is  tou-ards  the  side  of  the  lea 
the  obser\'er  being  supposed  to  look  down  upon  the  aniniaJ  as  it 
in  its  normal  position.  After  a  time  it  becomes  quiescent  ;  bat  t 
forced  movements  can  be  again  produced  by  pinching  or  exciting  i' 
in  other  ways.  In  man,  too,  dunng  the  passage  of  a  galvanic  currt 
through  the  head  by  electrodes  appUed  just  beliind  the  ears, 
tendency  to  move  the  head  towards  the  anode  is  experienced. 
person  may  resist  the  tendency,  but  if  the  current  be  strong  cnou^ 
[lis  resistance  will  be  overcome  ;  he  will  execute  a  forced  nio\^men 
When  the  head  turns  towards  the  anode  the  eyes  move  in  the  sa 
direction,  and  then  undergo  jerking  movements  towards  the  k;Lthode. 
There  is  at  the  same  time  a  feehng  of  vertigo.  Complex  as  such  an 
experiment  is,  invohing  as  it  docs  stimulation  of  so  many  structures 
within  the  cranium,  there  is  reason  to  beUevc  that  it  is  the  excitatioa 
of  the  semicircular  canals,  or  their  cerebellar  connections,  that  is 
responsible  for  these  forced  movements.  Kor  when  the  experiment 
is  performed  on  a  pigeon,  forced  movements  are  caused  so  long  as 
the  membranous  canals  are  intact,  but  not  alter  they  ha\'e  been 
destroyed  (Ewald).  The  obser\^ation  of  Rawitz.  that  the  pecuUar 
rotatory  movements  of  the  so-called  Japanese  dancing  mice  are 
associated  with  marked  anatomical  peculiarities  in  the  lab\Tinth.  is 
another  fact  in  favour  of  the  connection  of  the  canals  with  the  mainten- 
ance of  equilibrium  and  the  sense  of  rotation.  So  is  the  relation 
between  the  degree  of  development  of  the  canals  in  different  specie* 
of  birds  and  the  degree  of  agility  in  the  co-ordination  of  their 
movements  (1-audenbach). 

But  forced  movements  may  also  follow  injuries  (especially  oni- 
lateral)  to  many  portions  of  the  brain — e.g.,  the  pons,  crus  cerebri. 
posterior  corpora  quadrigeniina,  corpus  striatum,  even  the  cerebral 
cortex,  and  above  all  the  cerebellum.  The  movements  are  of  the 
most  various  kinds.  The  animal  may  run  round  and  round  in  a  circle 
(circus  movements)  ;  or.  with  the  tip  of  its  tail  as  centre  and  the 
length  of  its  bodv  as  radius,  it  may  describe  a  circle  with  its  head,  as 
the  hand  of  a  cl<Kk  does  (clock-liand  movement) ;  or  it  may  rush 
forward,  turning  endless  somersaults  as  it  goes.  Intervals  of  rest 
alternate  with  paroxysms  of  excitement,  and  the  latter  may  be 
brought  on  by  stimulation.  In  man  forced  movements  associated 
with  vertigo  have  been  sometimes  seen  in  cases  of  tumour  of  the 
cerebellum — f.g.^  involuntary  rotation  of  the  body  in  tumour  of  the 
middle  peduncle.  No  entirely  satisfactory  explanation  of  these 
forced  movements  has  been  given.  They  are  eWdcntly  connected 
with  disturbance  oi  the  mechanism  of  co-ordination,  leading  to  a 
loss  of  proportion  in  the  amount  of  the  motor  discharge  to  muscles 
or  groujjs  of  muscles  accustomed  to  act  together  in  executing  definite 
movements.  For  instance,  in  circus  movements  the  muscles  of  the 
outer  side  of  the  body  contract  more  powerfully  than  those  of  tho 
inner  side,  and  the  animal  is  therefore  constrained  to  trace  a  circle 
instead  of  a  straight  line,  the  excess  of  contraction  on  the  outer  side 
being  analogous  to  the  acceleration  along  the  radius  in  the  case  of  & 
point  moving  in  a  circle. 
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Co-ordination  of  Movements.  ^The  capacity  of  executing  some 
co-ordiniited  movements,  occasinnally  ot  considerable  complexity, 
seems  to  be  inboni  in  man,  and  to  a  still  greater  extent  in  many  of 
the  lower  animals.  The  new-born  cliild  brings  with  it  into  the  world 
a  certain  endowment  of  co-ordinative  powers  ;  it  h-is  inherited,  for 
example,  from  a  long  line  of  mammalian  ancestors  the  power  of 
performing  those  movements  of  the  cheeks,  lips,  and  tongue,  on 
which  sucking  depends  :  perhaps  from  a  long,  though  somewhat 
shadowy,  race  of  arboreal  ancestors  the  power  of  cUnging  with  luinds 
and  feet,  and  thus  suspending  itself  in  the  air.  Many  movements, 
such  as  walkinp  and  the  co-ordinated  muscular  contractions  involved 
in  standing,  and  even  in  sitting,  which,  once  acquired,  appear  so 
natural  and  sjjontaneous.  have  to  be  learnt  by  painful  effort  in  the 
liard  school  of  (infantile)  experience.  Most  people  learn,  and  arc 
willing  to  confess  that  they  have  learnt,  to  execute  a  considerable 
number  of  co-ordinated  movements  with  the  arms,  and  especially 
with  the  fingers  ;  but  few  have  considered  that  the  extreme  dexterity 
of  jaws,  tongue,  and  teeth  displayed  by  a  hungry  mouse  or  school- 
boy is  the  result  of  the  much  practice  which  maketh  perfect.  The 
exquisite  conardination  of  the  muscles  of  the  eyeball,  which  we 
sliall  afterwards  have  to  speak  of,  and  the  no  less  wonderful  balance 
of  effort  and  resistance,  of^  power  put  forth  and  work  to  be  done,  of 
which  we  have  already  had  glimpses  in  studying  the  mechanism 
of  voice  and  speech,  become  to  a  great  extent  the  common  property 
of  all  fully-developed  arsons.  But  the  technique  of  the  finished 
singer  or  musician,  of^  the  swordsman  or  acrobat,  and  even  the 
operative  skill  of  the  surgeon,  arc  in  large  part  the  outcome  of  a 
special  and  acquired  agility  of  mind  or  body,  in  virtue  of  which 
hiphly-complicated  co-ordinated  movements  are  promptly  deter* 
mined  on  and  immediately  executed. 

With  such  special  and  elab<irate  movements  it  is  impossible  to 
occupy  ourselves  in  a  book  like  tliis.  Their  number  may  be  almost 
indehnitely  extended,  and  their  nature  almost  infinitely  vaned.  by 
the  needs  and  training  of  special  trades  and  professions.  It  will 
be  sufficient  for  our  purpose  to  sketch  in  a  few  words  the  mechanism 
of  one  or  two  of  the  most  common  and  fundamental  co-ordinations 
of  muscular  effort,  passing  over  the  rest  with  the  general  statement 
that  the  more  rcfincfl  and  complex  movements  are  in  general  brought 
about  not  by  the  abrupt  contraction  of  crude  anatomical  groups  of 
muscles,  but  by  the  contraction  of  portions  of  muscles,  perhaps  even 
single  fibres  or  small  bundles  of  fibres,  wliile  the  rest  remain  relaxed. 
The  excitation  may  gradually  wax  and  wane  as  the  different  stages 
of  the  movement  require.  .Antagonistic  muscles  may  be  called  into 
play  to  balance  and  tone  down  a  contraction  which  might  otherwise 
be  too  abrupt. 

A  most  interesting  illustration  of  this  process  of  *  give  and  take  ' 
between  opposing  muscles  has  been  reported  by  Sherrington.  In 
the  cortex  cerebri,  as  we  shall  sec  (pp.  744.  750).  there  is  an  area 
in  the  frontal  region,  and  another  in  the  occipital  region,  stimulation 
of  which  gives  nse  to  conjugate  de\iation  of  the  eyes — that  is, 
rotation  of  both  eyes — to  the  opposite  side,  Sherrington  divided 
the  third  and  fourth  cranial  nerves  in  monkey's — ^say,  011  the  left  side. 
The  external  rectus,  which  is  supplied  by  the  sixth  nerve,  caused 
now  by  its  unopjxised  contraction  external  squint  of  the  left  eye. 
When  either  of  the  cortical  areas  refernvl  ♦**  «-  ^-v^en  the  subjacent 
portion  of  the  corona  radiata,  i«  ^ide.  both 
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eyes  moved  towards  the  right,  the  left  eye,  however,  only  reac 
the  middle  line — that  is,  the  position  in  which  it  looked  strai 
forward.  The  same  thing  was  observed  when  the  animal,  a 
complete  recover\'  from  the  operation,  u-as  caused  to  volunta 
turn  its  eyes  to  the  right  by  the  sight  of  food.  Here  an  inhibit 
influence  must  have  descended  the  fibres  of  the  abducens,  the  onhr 
ner\'ous  path  connected  with  the  extrinsic  muscles  of  the  left  eye, 
and  the  relaxation  nt  the  left  external  rectus  must  have  kept  accuiBtr 
step  with  the  contraction  of  the  right  internal  rectus.  Hering  has 
made  an  exhaustive  analy-sls  of  the  co-ordinated  movements  con- 
cerned in  opening  and  closing  the  hand  in  monkeys.  These  move 
ments  can  be  produced  by  stimulation  of  the  cortex  or  the  int 
capsule,  but  not  by  stimulation  of  the  anterior  spinal  roots.  V 
the  hand  is  opened  the  muscles  that  open  it  are  excited,  and  tb 
which  close  it  are  inhibited  from  the  cortex. 

Standing. — -In  tlic  upright  posture  the  body  is  supported  chiefly 
by  non-muscular  structures,  tne  bones  and  ligaments.      But  muscles 
also  play  an  essential  part,  for  it  is  only  peculiarly-gifted  individu 
like  some  of  the  fishermen  of  the  North  Sea,  who  can  go  to  sleep 
their  feet,  and  a  dead  body  cannot  be  made  to  stand  erect 
condition  of  equilibrium  is  that  the  perpendicular  dropi>ed  from  the 
centre  of  gravity  to  the  ground  shtmld  fall  within  the  base  nf  snppori 
— that  is.  witliin  the  area  enclosed  by  the  outer  borders  of  the  i 
and  lines  joining  the  toes  and  heels  respectively.     The   centre 
gravity  alters  its  position  ^nth  tlie  position  of  the  body,  which  ten 
to  fall  whenever  the  perpendicular  cuts  the  ground  beyond  the  base 
of  support. 

In  the  comfortable  and  natural  erect  position  the  centre  of  gra 
of  the  head  is  a  little  in  front  of  the  vertical  plane  passing  through 
occipital  condyles,  and  as  much  as  4  centimetres  in  front  of 
vertical  plane  passing  through  the  ankle-joints.     A  certain  degree 
contraction  of  the  muscles  of  the  nape  of  the  neck  is  required  to 
balance  it.     When  these  muscles  are  relaxed,  as  in  sleep,  the  h 
must  fall  forward,  and  tliis  is  the  reason  why  Homer  or  any  l 
individual  nods.      In  animals  which   go  upon  all   fours  none  of  t 
weight  of  the  head  bears  directly  upon  the  occipito-atloid  artic 
tion  ;  its  support  by  muscular  action  alone  would  be  an  intolera 
fatigue,  and  the  Hgamentum  nuchse  is  specially  strengthened  to 
it  up. 

The  vertebral  column  is  kept  erect  by  the  ligaments  and  mu 
of  the  back.     The  centre  of  gravity  of  the  trunk  lies  almost  vertic 
over  the  horizontal  line  joining  the  two  acetabula.  but  the  centre 
graWty  of  the  whole  body  is  about  the  level  of  the  third 
vertebra,  and  a  little  more  tlian  4  centimetres  in  front  of  the  vcrti 

flanc  passing  through  the  ankle-joints.  Equilibrium  is  maintained 
y  contraction  of  the  muscles  of  the  back  and  of  the  legs.  Bv 
means  of  the  muscular  sense,  and  the  tactile  sensations  set  up  by  the 
pressure  of  the  soles  on  the  ground,  alterations  in  the  position  of  the 
centre  of  gravity,  and  consequent  deviations  of  the  perpendicular 
passing  through  it,  are  detected,  and  adjustment  of  the  amount 
of  contraction  of  this  or  the  other  muscular  group  ia  promptly 
made. 

In  standing  at  '  attention  '  the  heels  are  close  together,  the  1 
and  back  straightened  to  the  utmost,  and  the  head  erect  ;  the  wci^ 
falls  equally  upon  both  legs,  but  the  advantage  may  be  more  than 
counterbalanced  by  the  muscular  exertion  associated  with 
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ornamental  than  useful  position.  In  '  standing  at  ease/  practically 
the  whole  weight  is  supported  by  one  leg,  the  perpendicular  from  the 
centre  of  gra\'ity  passing  through  the  knee  and  ankle  joints.  The 
centre  of  gra\'ity  is  brought  over  the  supporting  leg  by  flexure  of 
the  body  to  the  corresponding  side,  and  comparatively  Utile  muscular 
effort  is  required.  The  other  foot  rests  lightly  on  the  graund,  the 
weight  of  the  leg  itself  being  almost  balanced  by  the  atmospheric 
pressure  acting  upon  the  air-tight  and  air-free  ca\*ity  of  the  hip-joint. 
The  light  touch  of  this  foot  varies  slightly  from  time  to  time,  so  as 
to  maintain  pquilibrium. 

When  the  liend  or  arms  are  moved,  or  the  body  swayed,  the 
centre  of  gravity  is  correspondingly  displaced,  and  it  is  by  such 
movements  that  tight-rope  dancers  continue  to  keep  the  perpen- 
diculai'  piissing  tlirough  it  always  within  the  narrow  base  of  support. 

In  siiting^  the  base  of  sup|x>rt  is  larger  than  in  standing,  ana  the 
eqinlibrium  therefore  more  stable.  The  easiest  posture  in  sittmg 
without  support  to  the  back  or  feet  is  that  in  which  the  perpendicular 
from  the  centre  of  gravity  passes  through  the  horizontal  hne  joining 
the  two  ttibiTA  ischii. 

Locomotion, —In  walking,  the  legs  are  alternately  swung  forward 
and  rested  on  the  ground.  In  miUtar^'  marching,  it  is  directed  that 
toe  and  heel  be  simultaneously  set  down.  But  with  most  [lersons 
the  swinging  fool  ftrsl  strikes  the  ground  by  the  heel  ;  then  the  sole 
comes  down,  the  heel  rises,  the  leg  is  extended,  and,  with  a  parting 
push  from  the  toe.  the  leg  again  swings  free.  By  this  manoeuvre  the 
Dody  is  raised  vertically,  tilted  to  the  opposite  side,  and  also  pushed 
in  advance. 

The  forward  swing  of  the  leg  is  only  slightly,  if  at  all,  due  to 
muscular  action  ;  it  is  more  like  the  oscillation  of  a  p>cndu1um  dis- 
placed behind  its  position  of  equilibrium,  and  swinging  tlirough  that 
position,  and  in  front  of  it,  under  the  influence  of  gravity.  I'or  this 
reason  the  natural  pace  of  a  tall  man  is  longer  and  slower  than  that 
of  a  short  man  ;  but  it  may  be  modified  by  voluntary  effort,  as  when 
a  rank  of  soldiers  of  different  height  keeps  step. 

The  lateral  swing  of  the  body  is  illustrated  by  the  everyday 
experience  that  two  persons  knock  against  each  other  when  they 
tr^'  to  walk  close  togetner  without  keeping  step.  In  step,  both  swing 
their  bodies  to  the  same  side  at  the  same  moment,  and  there  is  no 
jarring. 

Even  in  the  fastest  walking  on  level  ground  there  is  a  short  time 
during  which  both  feet  touch  the  ground  together,  the  one  leg  not 
beginning  its  swing  until  the  other  foot  has  begun  to  be  set  down. 
In  running,  on  the  other  liand,  there  is  an  interval  during  which 
the  body  is  completely  in  the  air,  while  in  walking  uphill  or  in  carr\'ing 
a  load  the  one  foot  is  not  raised  until  the  other  has  been  firmly 
planted. 

Functions  of  the  Cerebral  Cortex. — When  an  animal,  like 
a  frog,  is  deprived  of  its  cerebral  hemispheres,  the  power  of 
automatic  voluntary  movement  appears  to  be  definitively  and 
entirely  lost.  The  animal,  as  soon  as  the  effects  of  the  anaes- 
thetic and  the  shock  of  the  operation  have  f^assed  away,  draws 
up  its  Ieg«,  erects  its  head,  and  assumes  the  characteristic 
position  of  the  normal  frog  at  rest.  So  close  may  he  the  re- 
semblance, that  if  all  external  signs  of  the  operation  have  been 
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concealed^  it  may  not  be  possible  for  a  casual  observer  to  td 
merely  by  iriRpection  which  is  the  intact  and  which  the  '  braio- 
less  '  frog.     The  latter  will  jump  if  it  be  touched  or  othennK 
stimulated.     It   will   croak   if   its  flanks  be    stroked    or  gtntlv 
squeezed    together.     It   will   swim   if    thrown    into    ^\•ate^ 
placed  on  its  back,  it  will  promptly  recover  its  normal  posid 
But  it  will  do  all  these  things  as  a  machine   would  do 
without  puri^ose.  without  regard  to  its  environment,  with  a 
of  '  fatal  '  regularity.     Every  time  it  is  stimulated  it  will  jump 
every  time  its  flanks  are  squeezed  it  will  croak,   and,  in 
absence  of  all  stimulation,  it  will  sit  still  till   it  witliers  to 
mummy,  even  by  the  side  of  the  water  that  might  for  a  w] 
preserve  it. 

A  Necturus,  without  its  cerebral  hemispheres,  will,   like 
frog,   refuse   to  lie  on  its  back.     On  stimulation   it    moves  i 
feet  or  tail,  or  its  whole  body  ;  but  if  not  interfered  with,  it 
lies  for  an  indefinite  time  in  the  same  position.     Its  gills  arc 
seen  to  execute  rhythmic  movements,  which  never   stop,   and 
rarely  slacken,  except  for  an  instant,  when  some  j>art  of  the 
skin,  particularly  in  the  region  of  the  head,  is  mechanically  o: 
electrically   stimulated.     The   normal   Necturus,    on    the   oth 
hand,  lies  for  long  ]>eriods  with  its  gills  at  perfect  rest,  and  wh 
stimulated,  moves  for  a  considerable  distance.     After  a  time, 
— two  months  or  more — it  is  true  the  brainless  frog,  if  it   be 
kept  alive,  as  may  be  done  by  careful  attention,  will  recover 
a  certain  portion  of  the  powers  which  it  has  lost  by  removaJ 
tlie  cerebral  liemtspheres ;  and,  indeed,  the  longer  it  lives,   t 
nearer  it  approximates  to  the  condition  of  a  normal   frog. 
brainless  frog  ha?  been  seen  to  catch  flies  and  to  bury  itself 
winter  drew  on.     A  fish  even  three  days  after  the  destructi 
of  its  cerebrum  has  been  seen  to  dart  upon  a  worm,  seize  i 
before  it  had  time  to  sink  to  the  bottom  of  the  aquarium,  and 
swallow  it.     Even  in  the  pigeon  the  loss  of  the  hemispheres, 
which  at  first  induces  a  state  of  profound  and  seemingly  i>er 
manent  lethargy,  is  to  a  great  extent  compensated  for,  as  tim 
passes  on,  by  the  unfolding  in  the  lower  centres  of  capability 
previously  dormant  or  suppressed.    A  brainless  pigeon  has 
known  to  come  at  the  whistle  of  the  attendant  and  follow  him 
through  the  whole  house. 

In  the  mammal  the  removal  of  the  whole  or  the  greater  part  of 
the  cerebral  hemispheres  at  a  single  ojieration  is  uniformly  and 
speedily  fatal  ;  even  rabbits  or  rats,  which  bear  the  operational 
best,  survive  but  a  few  hours.  During  those  hours  they  manifes^^ 
phenomena  similar  to  those  observed  in  tlie  bird  and  the  frog. 
In  the  dog  the  entire  cortex  has  been  removed  piecemeal  by  suc- 
cessive operations.     In  this  case,  of  course,  the  change  in  the 
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condition  of  the  animal  is  more  gradually  produced,  and  an 
Oi>j>ortunity  is  afforded  for  a  certain  recovery  of  function  in  the 
intervals  between  the  operations.  On  the  whole,  however, 
as  might  be  expected  from  its  greater  intellectual  development, 
recovery  is  more  im(>erfect  in  the  dog  than  in  the  Inrd,  much 
more  imperfect  than  in  the  frog.  But  even  in  the  dog  wonderful 
resources  lie  hidden  in  the  grey  matter  of  the  central  neural 
axis,  and  are  called  forth  by  degrees  to  replace  the  lost  powers 
of  the  cerebral  cortex.  It  is  true  that  a  brainless  dog  is  a 
less  efficient  animal  than  a  brainless  fish,  or  even  than  a  brain- 
less frog  ;  but  in  favourable  cases,  even  in  the  dog,  the  move- 
ments of  walking  may  still  be  carried  out  with  tolerable  pre- 
cision in  the  absence  of  the  cerebral  hemispheres.  The  animal 
can  swadow  lood  jnished  well  back  into  the  mouth,  although 
it  cannot  feed  itself.  Stupid  and  listless  as  it  is  compared  with 
the  normal  dog,  it  seems  to  be  by  no  means  devoid  of  the  power 
of  experiencing  sensations  as  the  result  of  impressions  from 
without,  nor  of  carrying  on  mental  operations  of  a  low  intel- 
lectual grade.  Goltz  had  a  dog  which  lived  more  than  a  year 
and  a  half  practically  without  its  cerebral  hemispheres,  and 
another  which  lived  thirteen  weeks.  He  believes  that  they 
liad  lost  understanding,  reflection,  and  memory,  but  not  sen- 
sation, special  or  general,  nor  emotions  and  voluntary  power. 
Their  condition  may  be  best  described  as  one  of  general  im- 
becility. Hunger  and  thirst  are  present.  They  experience 
satisfaction  when  fed,  become  angry  when  attacked,  see  a  very 
bright  light,  avoid  obstacles,  hear  loud  sounds,  such  as  those 
produced  by  a  fog-horn,  and  can  be  awakened  by  them.  They 
are  not  completely  deprived  of  sensations  of  taste  and  touch. 
But  it  ought  to  be  remembered  that  the  interpretation  of  the 
objective  signs  of  sensation  in  animals  is  beset  with  difficulties  : 
and  although  everybody  admits  the  accuracy  of  Goltz's  descrip- 
tion of  what  is  to  be  seen,  his  interpretation  of  the  facts  has  been 
severely  criticised,  particularly  by  H.  Munk. 

To  the  monkey  there  can  be  no  doubt  that  the  loss  of  the 
cerebral  hemispheres  would  be  a  still  heavier  and  more  irremedi- 
able blow  than  to  the  dog.  But  nobody  has  yet  succeeded  in 
keeping  a  monkey  ahve  after  complete  removal  of  even  one 
hemisphere. 

In  mail  the  destruction  of  considerable  masses  of  brain-sub- 
stance, i^>articularly  if  gradual,  is  not  necessarily  fatal.  How 
great  a  loss  is  compatible  with  life  caimot  be  exactly  stated.  It 
depends  to  a  large  extent  on  the  position  of  the  lesion.  But  it 
is  possible  that  one  cerebral  hemisphere  may  be  rendered  func- 
tionally useless  without  immediately  putting  a  term  to  existence. 
In  the  foetus,  however,  no  portion  o£  the  great  brain  i*  * ' 
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indispensable  for  life  and  movement.  An  anencephalous  fcetus 
(in  which  the  brain  has  remained  undeveloped)  may  be  born 
alive,  ami  Hve  for  a  short  time. 

We  see.  then,  that  Iiomologous  organs  are  not  necessarily. 
nor  indeed  usually,  of  the  same  physiological  value  in  different 
kinds  of  animals.  A  loss  which  perhaps  hardly  narrows  the 
range  of  the  psychical,  and  certainly  restricts  only  to  a  slight 
extent  the  physical  powers  of  a  fish,  impairs  m  a  marked  degree 
the  voluntary  movements  of  a  dog,  in  addition  to  cutting  off 
from  it  a  great  part  of  its  intellectual  life,  and  is  in  man  incom- 
patible with  life  alto- 
n  gether. 

--^  The    results     of     the 

removal  of  the  entire 
cerebral  hemispheres 
help  us  to  fix  their  posi^ 
tion  as  a  whole  in 
physiological  h  ierarchyj 
A  more  minute  anaty 
shows  us  that  the  cei 
bral  cortex  itself  is  m 
homogeneous  in  hun 
tion,  that  certain  regioi 
of  it  have  been  set  asi< 
for  special  labours.  Oi 
knowledge  of  this  locali- 
zation of  function  in  th< 
cerebral  cortex  has  been 
derived  partly  from, 
clinical,  coupled  wit 
pathological  observa^ 
tions  on  man,  and  panl] 
from  the  results  of  th< 
removal  or  stimulatioi 
of  delinile  areas  in  ani* 
mals.  And  so  varied  and  extensive  have  been  the  contributioi 
from  both  of  these  sources,  that  it  is  difficult  to  decide  to  whi< 
we  owe  most. 

It  is  a  fact  which  might  appeiir  strange  and  almost  inexplical 
did  the  history  of  science  not  constantly  present  us  with  the 
that  thirty  years  ago  the  universal  opinion  among  physiologists 
pathologists,  and  phvsicians  was  that  the  cerebral  cortex  is  incxcil 
able  to  artificial  stimuli,  that  no  visible  response  can  be  obtiur- 
from  it.     The  great  names  of  Flourcns  and  Magendie  stood  spoi 
for  this  error,  and  repressed  research.     In   1870,  liowcver.   Hits 
and  Fritsch  showed  that  not  only  was  it  possible  to  elicit  muscul 
contractions  bv  stimulation  of  the  cortex  of  tlie  brain  in  the 


Fig.  jii.— Motor  Akeas  or  Pog's  Brain. 

n.  neck :  /./..  fr»re-Urnb :  h.U,  hind-limb ; 
U  tail:  /.  (ace;  c.*..  crucial  sulcus;  e.m.,  eye 
movemenla;  j>.  dilalalion  of  the  pupil  in  both 
eyes,  but  esperiallv  in  the  oppc«ite  eye.  .All 
the  areas  arc  marked  in  the  figure  only  on  the 
left  side  except  the  eye  areas,  whose  position, 
to  avoid  roniusion,  \%  indictted  on  the  right 
hemisphere. 
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with  voltaic  currents*  but  that  the  excitable  area  occupied  aMcfinite 
region  in  the  neighbourhood  of  the  crucial  sulcus  or  stdcwi  centralis^ 
wliich  runs  out  over  the  convexity  of  the  hemispheres  nearly  at 
right  angles  to  the  longitudinal  fissure.  In  this  region  they  were 
further  able  to  isolate  several  distinct  areas,  stimulation  of  which  was 
followed  by  movements  respectively  of  the  head,  face.  neck»  hind- 
leg,  and  fore-leg  (Fig.  uO.  This  was  the  starting-point  of  a  long 
scries  of  researches  by  Fcrrier,  Munk,  Horsley.  Schafer.  Heidcnhain, 
and  many  others,  on  the  brains  of  monkeys  as  well  as  dogs — 
researches  which  have  formed  the  basis  of  an  exact  cortical  locali- 
zation in  the  bram  of  man,  and  have  enriched  surgery  with  a  new 
pro\'ince.  In  these  later 
exiwriments  the  inter- 
rupted current  from  an  w 
induction    machine    has 

been    found    the     most  -.mim^m^^wm  ->^  v 

suitableform  of  stimulus       /   ;       /   SSBtS^M  ^"'^'^-^ 
(see  Practical  Fxercises.       ^'  ~    k^^^SSKl  .    I  .  fC^.^-M- 

p.  777),  especially  when 
one  electrode  only  is 
placed  on  the  cortex 
and  the  other  on  some 
indifferent  |Kirt  of  the 
body,  a  procedure  which 
permits  of  finer  locahza- 
tion    than    when    both 

electrodes  arc  apphcd  to  ^^         /    (      Hi      V 

the  brain.     For  certain  -^      i      f^ 

purposes  the  method  of 
Fvvald  has  advantages. 
He  fixes  in  a  trephine 
hole  in  the  skull  an  ivorv 
plug,  t  hrough  which 
pass  tlie  electrodes. 
When  the  animal  has  re- 
covered from  the  opera- 
tion, the  region  01  the 
brain  in  contact  with 
the  electrodes  can  be 
stimulated  without 
fastening  the  animal. 


Fic.  311. — Doc's  Brain  with  Lebiom. 

A  portion  of  the  cortex  indicated  by  thr  shaded 
area  was  destroyed  by  rautcriration.  The  sycDp- 
tonu  were  complete  blindae&s  of  the  oppoftlie 
eye  (in  this  case  the  right) ;  weakness  of  tb« 
muscles  of  the  limb*  and  of  the  necic  on  the  rifbt 
side :  «light  weakness  of  the  limbs  on  the  left 
side.  When  the  animal  walked,  there  was  a 
tendency  to  lum  to  the  left  in  a  circle.  In 
eating  or  driakinK.  the  head  was  turned  to  the 
left,  so  that  the  mouth  was  oblique,  and  the  rii^bl 
angle  of  the  mouth  was  lower  titan  tht-  left. 
The  tail  movements  were  normal,  and  there  was 
no  deviation  of  the  toll  to  one  side. 


Motor    Areas. — 

These  liave  been  re- 
cently localized  with 
great    care    (both    by 

stimulation  and  by  removal  of  portions  of  the  cortex)  in  the 
brains  of  the  higher  ai>es  (gorilla,  orang,  and  chimpanzee)  by 
Sherrington  and  Griinbaum,  and  there  can  be  scarcely  any 
doubt  Ihat  the  results,  in  their  general  outlines  at  least,  can 
\>Q  applied  to  the  htiman  brain. 

The  '  motor '  region  includes  the  whole  length  of  and  the  whole 
of  the  free  width  of  the  preri         *  ^^^^e  frontal  convolu- 

tion, and  dips  down  ♦<  's  (tissure  of 
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Rolando  in  man),  but  does  not  extend  behind  the  sulcus.  It 
extends  also  into  the  depth  of  the  fissures,  so  that  the  hidden 
part  of  the  excitable  aiea  probably  equals,  perhaps  exceeds, 
the  part  which  is  free  on  the  surface  of  the  hemisphere.  The 
anterior  limit  of  the  motor  field  is  not  quite  sharp,  but  shades 
off  somewhat  gradually  into  inexcitable  cortex.  The  sulci  in 
this  region  cannot  he  considered  to  represent  physiological 
boundaries,  and  they  vary  so  much  in  these  higher  brains,  that 
they  can   easily  prove   fallacious  landmarks.     On    the    me&ial 


Anjs^i'is^'na. 


Eat-     - 


1?t:? 


cords. 


cu 


MAOCiCACion 

Pic.  3x3. — Motor  Area  ok  Cortex  op  Ckimpanzek  (GrUhbaum  and 

Sherrincton). 
Lateral  as|>€ct  of  the  hemisphere. 

surface  of  the  hemisphere  the  motor  area  does  not  extend  quit 
to  the  calloso- marginal  fissure. 

Within  this  area  are  localized  movements  of  the  leg  and 
arm  and  their  various  joints,  of  the  head,  face,  mouth,  tongue, 
ear,  nostril,  and  vocal  cords,  of  the  neck,  chest,  and  abdominal 
wall,  of  the  pelvic  floor,  and  the  anal  and  vaginal  orifices. 

The  arrangement  of  the  various  regions  follows  very  closely 
the  order  of  the  cranio-spinal  nerves,  which  supply  them,  bu 
the  organs  whose  nerves  come  off  lowest  down  are  represented 
highest  up  in  the  motor  area.      Figs.  313,  314  will  make  this 
clear.     In  the  frontal  region,  isolated  from  the  motor  area 
a  strait  of  inexcitable  cortex,  lies  an  area  the  stimulation  o 
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Fiu.  314. — Motor  Akea  ov  Mesial  Surface  up  Heuispiierk;  Braix  or 

A  CHlMrAK£CC    (TROGLODYTES    NlCBR)    (GkunBAUM    AXO   SHERRINGTON). 

Left  bemisphcTF  :  mrsial  »urfacr. 

The  extent  of  the  '  motor  *  area  on  the  free  surface  of  the  hemiftpherc  is  indicated 
hy  the  black  stipphng.  On  the  stippted  area  '  LEO  '  indicates  that  the  movements 
of  the  lower  limb  are  represented  In  all  the  regions  of  the  motor  area  visible  from 
(his  aspect.  The  minuter  subdiviiions  in  this  area  overlap  each  other  so  much 
that  no  attempt  is  made  to  distinguish  them  in  the  diagram.  *  Anus  and  vagina  ' 
indicates  the  position  from  which  iKTineal  movements  can  be  primarily  elicited. 
ShU.  CM/roI  —  central  Assure;  Suit,  caicinarscalcarine  fissure;  5u/r.  pariito 
orcfp.  ^parietoHxrcipital  fissure:  ShU.  cattoMO  Murg.  ^calloso.marginal  fissure: 
Sutc.  prf££ntT.  mar;.  =  precentral  marginal  lissurr.  The  single  italic  lettrrs 
mark  spots  whence,  occasionally  and  irregiTlarly.  movements  of  the  foot  and  leg 
iff),  of  the  shoulder  and  chest  (5),  and  of  the  thumb  and  hngers  (A)  have  been 
evoked  by  strong  faradization.  The  shaded  area  marked  *  Eyes '  indicates 
a  field  of  free  surface  of  cortex  which,  under  faradizatiun,  yields  conjugate  move- 
ments of  the  eyeballs.  The  conditions  under  which  these  reactions  are  obtained 
separates  them  from  those  characterising  the  'motor'  area. 

in  the  leg  area,  the  hip,  knee,  and  ankle  joints,  and  the  great 
toe,  are  represented  by  separate  and  special  centres  :  (2)  that 
stimulation  of  any  one  of  these  areas  leads,  not  to  contraction 
of  individual  muscles,  but  to  contraction  of  mus'-"'^'-  "^ni^s 
which  have  to  do  with  the  execution  of  de 
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Removal  of  a  single  motor  region  leads  to  paralysis  of  tb« 

corresjioiiding  limb,  or  part  of  a  limb,  on   the   opposite  sidt 
For  t'xami>le,  after  extirpation  of  the  hand  area  the  hand  is  fo; 
a  few  days  practically  useless  and  apparently  powerless.     In  a  J 
few  weeks,  however,  it  recovers  remarkably,  so  that  it  is  once^ 
more  used  in  climbing  or  in  conveying  food  to  the  mouth,    h 
is  an  im]x>rtant  question  in  what  way  this  recovery  is  brought  ^ 
about.     If  the  whole  of  the  corresponding  area  in  the  opposite  ■ 
hemisphere  is  now  removed,  a  similar  paralysis  occurs  in  the 
other  hand,  but  the  hand  whose  motor  area  was  first  removed 
remains  entirely  unaffected  by  the  second  lesion.     On  the  con- 
trary, the  first  hand  is  used  more  freely  and  more  adroitly  than 
before  the  second  operation,  prol>ably  because  the  animal  needs 
to  use  it  more.     The  second  hand  recovers  eventually,  like  the 
first.     If  when  this  has  taken  place  the  remaining  part  of  the 
arm  area  from  which  the  hand  area  was  first  excised  tie  removed, 
neither  hand   is  apj^arently  affected,  although   there    is  se\tTe 
jaralysis  of   the  shoulder  and  slighter  paralysis  of    the  elbow 
on  the  side  opposite  to  the  lesion,  which  is  again   largely  re- 
covered from.    The  recovery  of  the  hand  movement   cannot 
therefore  be  attributed  to  the  taking  on  of  the  function  of  the 
corresponding  motor  area  either  by  the  opposite  hand  area  or 
by  the  adjacent  motor  cortex  of  the  same  hemisphere. 

Removal  of  the  whole  of  the  motor  cortex  of  one  hemisphere, 
in  such  animals  as  this  ojieration  has  been  performed  on,  causes 
jiaralysis  of  movement  on  the  opposite  side  of  the  t>ody.  The 
paralysis  is  less  marked  in  the  case  of  bilateral  muscles  that 
habitually  act  together  than  in  the  case  of  those  which  ordinarily 
act  alone,  Tlius  the  muscles  of  respiration  and  the  muscles 
of  the  trunk  in  general  are,  although  perhaps  weakened,  never 
complctt^ly  yQ.va\yzed.  This  is  an  indication  that  each  member 
of  such  functional  pairs  nl  muscles  is  innervated  from  both 
hemispheres ;  and  this  physiological  deduction  is  supported 
by  the  anatomical  fact  already  referred  to,  that  after  removal 
nf  the  motor  cortex,  or  injury  to  the  pvTamidal  tracts  in  the 
internal  cajisule  or  crus,  some  degenerated  fibres  (homolateral 
fibres)  are  found  in  the  crossed  pyramidal  tract  on  the  side  o( 
the  lesion  (p.  689). 

In  the  dog  after  a  time  the  paralysis  may  more  or  less  com- 
pletely disappear.     In  the  monkev  restoration  is  less  complete. 

Some  interesting  observations  have  been  made  on  a  monkey, 
which  was  carefully  watched  for  eleven  years  after  the  removal 
by  two  o|>erations  of  the  cortex  of  the  greater  portion  of  the 
frontal  and  parietal  lobes  on  the  left  side.  The  character  ol 
the  animal,  which  had  been  studied  for  months  before  the 
operations,  was  entirely  unaffected.     All  its  traits  remained  iin- 
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altered.  There  was  no  loss  of  msmory  or  inteUigence.  On  the 
other  hand»  disturbances  of  movement  on  the  right  side  were 
very  noticeable  up  till  its  death.  It  learned  again  to  use  the 
right  limbs  in  locomotion  ;  but,  although  they  were  not  markedly 
weaker  than  those  of  the  left  side,  their  movements  had  a  certain 
clumsiness,  which  was  associated  with  a  permanent  diminution 
in  the  sensibility  of  the  skin  of  these  limbs.     Muscular  sensibility 
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Fio-   315. — BrajN'   or   Macaque  Monkev   {Bekvok   and   Honslev). 

The  upper  Ugun  shows  the  lateral  aspect  of  the  left  hemispberr,  and  the  lower 
ftfure  its  upper  (or  dorsal)  surface.     The  motor  and  scnaory  areas  are  indicated. 

was  also  lessened.  In  acts  requiring  the  use  only  of  one  hand, 
the  right  was  never  willinetly  employed,  and  it  evidently  cost 
the  animal  a  great  effort  to  use  it  in  such  movements,  but  by 
special  training  it  learnt  again  to  give  the  right  hand  when 
asked  for  it,  and  to  make  use  of  it  for  other  purposes.  The 
movements  with  which  the  motor  areas  are  concerned  are  essen- 
tially skilled  movements,  and  ^  ''at  it  is  more 
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difficult  for  a  monkey  to  educate  again  a  centre  for  such  complex 
and  elaborate  manoeuvres  as  are  performed  by  its  hand  than 


PoP- 


FiG.    316. — MrsiAL  Surface  of  Left  Hemisphere  of  Macaqub  Mo.vki 

(Hokslcy). 

for  a  dog  to  regain  cortical  control  of  the  comparatively  simpl 
movements  of  its  paw.     In  man  in  cases  of  hemiplegia,  wh 
the  patient  lives  for  some  time  a  certain  amount  of  recov 


Fig.  J17- — Cerebral  Cortex:  Man  (seem  fkom  Above). 

The  iroQt  of  the  brain  is  towards  the  right.     The  dotted  line  shows  |be 
o(  the  fissure  of  Rolando,  as  fixed  by  Thane's  rule  (p.  740!. 

usually  takes  place,  especially  in  young  persons,  in  tb 
leg,  but  much  less  in  the  paralyzed  arm. 
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In  the  lower  monkeys  the  motor  area  seems  to  extend  behind 
the  sulcus  centralis  into  what  in  man  would  !>e  called  the  ascend- 
ing parietal  convolution,  and  also  to  be  more  extensively  repre- 
sented on  the  mesial  surt^ace  of  the  hemisphere  than  in  the 
higher  apes  {Figs.  ;JI5,  J^ib).  Such  observations,  however,  require 
repetition  in  view  of  the  results  of  Sherrington  and  Griinbaum. 

It  IS  in  the  li^ht  of  the  results  ohtaine(I  in  monkeys,  and  by 
the  aid  ol  cUnical,  pathological,  and  embryological  observations, 
that  the  motor  areas 
in  man  have  to  a  great 
extent  been  majiped 
out.  An  extensive 
haemorrhage  involving 
the  Rolandic  area  of 
the  cerebral  cortex  or 
an  embolus  blocking 
the  middle  cerebral 
artery,  causes  paralysis 
of  the  opposite  side  of 
the  l>ody.  An  embolus 
of  a  branch  of  *  the 
middle  cerebral  artery' 
causes  paralysis  of  the 
muscles,  or  rather 
movements,  repre- 
sented in  the  area  suj)- 
plied  by  it.  A  tumour 
causes  symptoms  of 
irritation,  motor  or 
sensory  —  convulsions 
beginning  in,  or  sensa- 
tions referred  to,  the 
parts  represented  in 
the  regions  on  which 
it  presses.  In  connec- 
tion with  the  localiza- 
tion of  lesions  in  the 
motor  area  of  tlie 
cortex,  and  operative  interference  for  their  cure,  the  exact 
position  of  the  fissure  of  Rolando  becomes  important  ;  and 
Thane  has  given  tlie  following  simple  method  for  fixing  it  : 
The  point  midway  between  the  root  of  the  nose  and  the  occipital 
*ixed  by  measunng  the  distance  with  a  tape, 
he  fissure  of  Rolando  lies  half  an  inch  behind 
"^c  fissure  makes  an  angle  of  (yy°  with  the 
■  SI?)- 


CVci- 


Fic.  318. — Diagram    or    Kklatioxs    ui< 
PITAI.  CoKTEX  TO  Till;   Kf:TiM.r.. 

RO.  LO.  right  and  Irft  occipital  cortex  ;  RE. 
LE,  right  and  left  retina:  C.  optic  chiasma  ;  RF, 
LF.  right  and  left  visual  fields.  The  continuous 
linrs  passing  back  fn>ni  the  rvtina*  to  the  oil jpitnl 
fortcii  rrprcseni  the  crii*s<rd,  Iho  bmkm  line*  the 
uniTossfd,  fibres  of  the  optic  nerves  and  tracts. 
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Sensory  Areas — Visual  Centres. — In  the  occipital  lobe  an 

area  of  considerable  extent  has  been  found,  destruction  of  which 
causes  hemianopia — i.e.,  loss  of  vision  in  the  corresponding 
halves  of  the  retinae.  Thus,  if  the  right  occipital  cortex  is  de- 
stroyed, the  right  halves  of  the  two  retinae  are  paralyzed,  and 
the  left  half  of  the  field  of  vision  is  a  blank.  There  is  conju^aU 
deviation  of  the  head  and  eyes  to  the  same  side  as  the  lesion-^H 
in  other  words,  the  animal  turns  its  head  and  eyes  to  the  righ^l 
Destruction  of  this  region  on  both  sides  causes  complete  bhnd- 
ness.  When  the  same  region  is  stimulated,  the  eyes  and  h< 
are  turned  to  the  left — that  is,  there  is  conjugate  de\'iation 
the  opposite  side.  In  the  higher  monkeys  the  eye  movemeni 
can  he  elicited  only  from  the  extreme  posterior  apex  of 
occipital  lobe  and  from  its  calrarine  region,  and  then  not  easil] 
The  movements  differ  from  those  produced  by  stimulation 
the  Kolandic  area.  They  are  not  so  certain,  their  latent  pent 
is  longer,  and  they  are  considered  to  be  not  direct,  but  reii< 
movements.  It  cannot  be  doubted  that  the  occipital  region 
concerned  in  vision,  and  it  is  a  very  natural  suggestion  tha 
the  movements  are  the  result  of  visual  sensations  in  the  excit< 
occipital  cortex.  The  right  occipital  lobe  is  concerned  wil 
vision  in  the  right  halves  of  the  two  retirux  (Figs.  305  and  318) 
Now,  under  normal  conditions,  a  visual  image  would  be 
on  the  two  right  retina!  halves  by  an  object  placed  towards  tl 
left  of  the  field.  The  movements  of  the  head  and  eyes  to 
left  may  therefore  be  plausibly  explained  as  an  attempt  to  U 
at,  and  a  rotation  towards,  the  supposed  object. 


The  pathological  evidence  is  very  clear  that  disease  of  the  occipitAl 
lobe,  especially  of  the  cuneus,  a  tnanguhir  area  on  its  mesial  surlac 
causes  hemianopia  in  man.  A  limited  lesion  may  even  be  associat 
with  an  incomplete  hemianopia.  and  cases  have  been  recorded 
which  colour  hemianopia  (blindness  of  the  corresponding  halves 
the  two  retinae  for  coloured  objects)  co-existed  with  normal  \-ision  lor 
white  light.  Sometimes  dimness  of  vision  in  the  whole  of  the 
opposite  eye  (crossed  amblyopia),  and  not  hemianopia,  is  caused  by, 
a  lesion  of  the  occipital  cortex.  It  seems  impossible  to  explain  tl 
and  other  facts  unthout  postulating  the  existence  of  more  than  o 
visual  centre  ;  and  it  has  been  supposed  that  in  the  angular  g\Tus 
higher  visual  centre  exists  which  is  connected  with  the  low 
occipital  centres  for  the  two  halves  of  the  opposite  eye.  Thus.  I 
right  angular  gyrus  would  be  in  connection  with  the  part  of  t 
right  occipital  cortex  which  has  to  do  with  vision  in  the  nasal  half  o! 
the  left  eye,  and  with  the  part  of  the  left  occipital  cortex  which 
to  do  with  vision  in  the  temporal  lialf  of  that  eye.  It  has  been 
stated  that  after  complete  removal  of  the  occipital  Inbcs  in  you 
monkeys,  the  power  of  vision,  lost  for  a  time,  is  gradually  regal 
the  growth  of  new  nerve-cells  and  nerve-fibres  having  made  good 
deficiency  (Vitzou). 
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Auditory  Centre.— On  the  outer  surface  of  the  temporo- 
sphenoidal  lobe,  in  the  hinder  portion  of  the  first  and  second 
temporal  convolutions,  lies  an  area  associated  with  the  sense 
of  hearing.  Stimulation  in  the  region  of  the  first  temporal 
convolution  may  cause  the  animal  to  prick  up  its  ear  on  the  oppo- 
site side.  Destruction  of  this  area  on  both  sides  is  followed  by 
complete  and  irremediable  loss  of  hearing.     If  it  is  destroyed 
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Pm.  319.— LATEitAL  View  or  LBVT'HeMispHtRii  with  Sen!U)rv  Areas:  Man. 
The  front  of  th<^  brain  is  towards  the  left. 

only  on  one  side  there  is  partial  deafness  of  the  opposite  ear, 
and  also  to  some  extent  of  the  ear  on  the  same  side.  This  is 
gradually  recovered  from.  If  it  is  destroyed  on  the  left  side 
there  is  also  the  peculiar  condition  called  *  word-deafness,' 
which  will  be  referred  to  directly  {p.  757).  In  deaf-mutes  the 
first  temporal  convolution  may  be  atrophied.  There  is  evidence 
that  the  posterior  corpora  quadrigemina  and  the  mesial  genicu- 
late bodv  fom  T>n  the  route  between  the  fibres 
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of  the  auditory  nerve  and   the  temporal    cortex.     There  ait 

indications  that  within  the  auditory  area  so-called  '  m 
centres '  exist— that  is,  an  orderly  arrangement  of  the 
bodies  of  the  neurons  that  have  to  do  with  the  perception 
pitch,  so  that  a  hmited  lesion  may  cause  deafness  to  notes 
a  particular  pitch  when  it  is  situated  in  one  part  of  the  area, 
and  deafness  to  notes  of  a  different  pitch  when  it  is  situated 
elsewhere  (Larionow). 

Centre  for  Smell. — As  to  the  position  of  tlie  centre  for  sm 
direct  experiment  on  animals  cannot  teach  us  much,  for  if 
outward  tokens  of  visual  and  amlitory  sensations  are  dubi 
and  fluctuating,  still  more  is  this  the  case  with  the  signs 
sensations  of  smell.  A  further  source  of  fallacy  is  the  fact 
other  sensations  than  those  of  smell  are  caused  by  stiinulati 
of  the  mucous  membrane  of  the  nose.     Substances  like  ammoi 


Pio.  310. — Semsory  Areas  or  Mesial  Subpace  of  Human  Braix. 

The  front  nf  thr  brain  is  towards  the  right.     The  location  of  *  common  and 
tactile  senfiatioii '  in  the  g>TU5  fornicatus  is  purely  hypothetical. 


for  example,  affect  entirely  the  endings  of  the  trigeminus,  which 
is  the  nerve  of  common  sensation  for  the  nostrils.     Patholo^ 
and  clinical  evidence  u-ould  be  of  great  value,  but  it  is  as 
scanty,  and  of  itself  indecisive.     So  far  as  it  goes,  however,  it 
undoubtedly  supports    the  view  derived  from  the  anatomical 
connections  of  the  olfactory  tracts,  that  the  centre  for  smell 
is  situated  in  the  uncinate  g>Tus  on  the  mesial  aspect  of  th 
temporal  lobe,  for  the  olfactory  tract  may  be  traced  into  thi 
region.     In  animals  with  a  very  acute  sense  of  smell,  this  gyru 
is  inagnilied   into  a  veritable  lobe^  called  from   its  sha]>e  ih- 
pyriform  lobe  ;  from  its  supposed  function,  the  rhinencephaioiuj 
The  centre  for  taste  is  supposed  to  be  situated  in  t!ie  same  region 
as  the  centre  for  smell. 

Ordinary  and  tactile  sensations  have  been  located  by 
observers  on  the  mesial  surfaces  of  the  hemispheres — in 
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hippocampal  convolution  and  the  gyrus  fomicatus.  But  this 
cannot  be  considered  as  settled,  and  in  any  case  this  is  not  the 
only  region  where  common  sensibihty  is  represente<l.  For 
example,  it  is  certain  that  the  F^olandic  area  has  sensory  as  well 
as  motor  functions  ;  and  there  are  good  grounds  for  believing 
that  the  sensory  fibres  from  the  muscles  and  the  skin  terminate 
here  in  arborizations  which  come  into  contact  either  with  those 
of  the  motor  pyramidal  cells,  or  with  those  of  intermediate 
cells  which  link  them  tu  the  pyramidal  cells. 

Path(jlogical  evidence  in  man  agrees,  upon  the  whole,  with 
wonderful  precision  with  the  results  of  experiments  on  animals  ; 
and,  indeed,  before  any  experimental  proof  of  the  minute  and 
elaborate  subdivision  of  the  cortex  had  been  obtained,  Broca 
had  already,  from  the  phenomena  of  the  s'ck-bed  and  the  j)OSt- 
mortem  room,  located  a  centre  for  speech  in  the  left  inferior 
frontal  convolution,  and  Hughlings  Jackson  had  associated 
pathological  lesions  of  the  Rolandic  area  with  certain  cases  of 
epileptiform  convulsions. 

The  work  of  Flechsig  on  the  time  of  development  of  the 
medullary  sheath  of  the  fibres  in  the  various  cerebral  convolu- 
tions has  also  contributed  to  our  knowledge  of  localization  in 
the  cortex.  In  the  development  of  a  neuron  four  stages  can  be 
distinguished:  (i)  Cells  without  processes;  <2)  the  appearance 
of  processes,  first  the  axon  and  then  the  dendrites  ;  (3)  the 
formation  of  collaterals  ;  (4)  myelination  or  the  formation  of  the 
medullary  sheath. 

Myelination  occurs  in  the  cerebral  convolutions  in  a  regular 
order.  In  some  areas  the  fibres  may  be  meduJlated  three 
months  before  birth,  in  others  not  till  six  months  later.  For 
instance,  the  Rolandic  and  olfactory  regions,  the  calcarine 
])orlion  of  the  occipital  lobe  associated  with  vision,  and  the 
portion  of  the  temj)oral  lobe  associated  with  hearing,  are  plenti- 
fully provided  with  medullated  libres  a  short  time  after  birth, 
at  any  rate  before  the  ftrst  month,  whereas  the  remaining  regions 
of  the  cortex  are  completely,  or  almost  completely,  free  from  such 
fibres. 

In  this  way  Flechsig  has  distinguished  thirty-six  cortical 
fields  (Figs.  321,  322),  which  he  divides  according  to  the  time 
of  myelination  into  three  groups  : 

I.  Primary  fields,  ten  in  number,  which  are  well  jirovided  with 
myelinated  fibres  at  birth.  They  inJude  the  cortical  centres 
for  the  various  sensations  and  also  the  motor  area.  They  are 
connected  especially  with  the  so-called  projection  fibres.  Thus, 
the  cutaneous  and  muscular  sense  is  ^<^nted 

in  field  i.  the  sense  of  smell  in  fieV 
in  5.     From  field  i  arise  the  1 
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from  the  ascending  frontal  convolution,  while  the  sensory  fit 
from  the  skin  and  muscles  end  mainly  in  the  ascending  pond 


FtG<  331. — Flechsig's  Uevelopuental  Zones  (after  Flechsic). 

Outer  surface  of  human  cerebral  hemisphere.  Primary  zones  (i-io).  a- 
aluided  ;  intermediate  £ones  (11-31),  less  deeply  shaded  ;  terminai  zones  (33 
unshaded. 

This  is  an  illustration  of  what    Flechsig   considers    a    genei 
rule  for  these  primary  fields — viz.,  that  each  primordial  scnson' 
region    is  connected   both    with    an   afferent  (corticipetal)  and 


FiG.  322. — Flechsig's  Oevelopuental  Zones  (aptbr  Flechsig). 
Inner  surface  of  human  cerebral  hemisphere. 

with  an   efferent   (cortici-fugal)   tract.     From   the  visua' 
(4),  r.?.,  arises  a  tract  which  i>roceeds  mainly  to  the  a 
corpus  quadrigeminum. 
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2.  Terminal  fields  (32  to  36  in  the  figures)  which  become 
myelinated  late,  the  process  not  beginning  until  at  least  a  month 
after  birth. 

3.  hiit'rmcdiaie  fields  (ii  to  31)  which  become  myelinated  earlier 
than  the  turmtnal,  but  later  than  the  primary.  They  and  the 
termina!  fields  constitute  par  cxcdUnce  association  centres, 
which  furnish  fibres  (association  fibres)  connecting  the  centres 
represented  in  the  primiir}^  fteUls — e.g.,  sudi  tibres  as  must  be 
continually  conveying  impressions  from  the  visual  centre  to 
the  motor  cortex  when  the  hand  is  sketching  a  landscape.  It 
may  also  be  considered  a  function  of  these  association  centres 
to  store  tip  the  memories  of  previous  sense  impressions.  Flechsig 
divides  the  association  centres  represented  in  the  terminal  fields 
into  :  (i)  Thp  great  anterior  association  centre  in  the  frontal 
lolte  in  front  of  the  motor  area  ;  {z)  the  great  jx)sterior  associa- 
tion centre  in  the  parieto-tcmporal  region ;  (3)  the  smaller 
middle  or  insular  association  centre  which  coincides  with  the 
island  of  Reil,  an  area  which,  accordmg  to  Sherrington  and 
Griinbaum,  is  totally  *  inexcitable  '  as  regards  the  production 
of  movement  in  the  ;mthropoid  ap>es.  These  association  centres 
are  foci  from  which  issue  and  to  which  come  the  long  association 
(■alhs. 

Aphasia. — The  fact  has  already  been  mentioned  that  in  most 
persons  the  inferior  frontal  convolution  on  the  left  side  is  con- 
cerned in  the  expression  of  ideas  in  spoken  or  written  language.  It 
is  even  said  that  oratorical  powers  have  been  found  associated 
with  marked  development  of  this  convolution  (as  in  the  case  of 
Gamlwtta,  the  French  statesman).  Words  are,  at  bottom,  arbitrary 
signs  by  which  certain  ideas  are  expressed.  The  power  of  inteUigcnt 
communication  by  sjxDken  or  written  language  may  t>e  lost :  (i)  by 
paralvsis  of  the  muscles  of  articulation  or  the  muscles  which  guide 
the  pen  ;  (;i)  by  inabilitv  to  hear  or  see  the  spoken  or  written  word 
— i.e.y  by  deafness  or  blindness  ;  (3)  by  inability  to  comprehend  the 
meaning  of  spoken  or  written  language,  although  sensations  of  hear- 
ing and  sight  may  not  be  alwUshcd — that  is  to  say,  by  inabiUty  to 
interpret  the  auditory  or  visual  symbols  by  which  ideas  are  con- 
veyed ;  (4)  by  inability  to  clothe  ideas  in  words,  although  the  ideas 
conveyed  by  speech  or  writing  may  be  perfectly  comprehended. 
Neither  (i)  nor  (2)  is  considered  to  constitute  the  condition  of 
aphasia  ;  (3)  represents  what  is  called  amnesia,  or  sensory  aphasta  ; 
(4)  is  aphasia  m  the  ordinary  restricted  sense,  or  motor  aphasia. 
It  is  this  last  condition  which  is  associated  with  a  lesion  in  the  left 
inferior  frontal  convolution.  The  portion  of  the  convolution  con- 
cerned is  the  posterior  extremity,  where  it  borders  on  the  fissure  of 
SyKnus.  and  it  cither  completely  coincides  vnth  or  largely  overlaps 
the  centre  for  the  movements  of  the  tongue,  hps,  and  larvnx  con- 
cerned in  articulation  »  ^f  aohasia  the  patient  understands 
quite  well  w  -nows  quite  xwW  what  to 
reply,  bv*  '  mcaninfj  do  not  come 
Itjfco  him.  rings  together  a  series 
foi  wot  Hng  no  meaning,  or 
I  4*— 2 
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utters  a  jargon  not  composed  of  known  words  at  all.  The 
does  not  lie  in  the,  articulatory  mechanism.  The  patient  uses 
Bame  muscles  of  articulation,  without  any  marked  impairment 
function,  for  chewing  and  swallowing  his  food.  It  is  onK-  w; 
corresponding  area  in  the  right  inferior  frontal  convolution. 
path  from  it  to  the  internal  capsule,  is  also  destroyed,  that 
tion  is  greatly  and  permanently  interfered  with.  An  apl 
sometimes  sing  a  song  without  a  single  shp  in  words  or 
and  yet  be  unable  to  speak  or  vrriie  it.  In  a  case  recorded  bv 
now  an  aphasic  could  speak  only  one  syllable,  '  tan,'  but  could 
the  •Marseillaise.'  In  certain  cases  the  change  is  confined  to 
the  jHJWcr  of  spontaneous  speech,  and  the  patient  may  be 
rend  intelligently.  Sometimes  he  can  express  his  ideas  in  S| 
but  not  in  writing  (agraphia).  Sometimes  the  loss  is  r 
certain  sets  of  ideas.  For  example,  a  boy  was  injured  by  falling 
on  his  head.  Typical  symptoms  of  motor  aphasia  developed, 
but  the  power  of  aealing  with  ideas  of  number  was  not  intcrifered 
with,  and  the  boy  continued  to  learn  arithmetic  as  if  nothing  had 
liappcncd.  Proper  names  and  nouns  are  more  easily  lost  than 
adjectives  and  verbs.  Motor  aphasia  is  generally  accompanied  by 
piiralysis,  frequently  transient,  of  voluntary'  movement  on  the 
right  side,  sometimes  amounting  to  complete  hemiplegia,  but  morp 
often  involving  the  right  arm  alone.  Tliis  association  is  cxpl 
by  the  proximity  of  the  inferior  frontal  convolution,  to  the  mt 
area  of  the  arm.  and  their  common  bk>od-supply. 

Why,  now,  is  it  that  motor  aphasia  is  commonly  due  to  a  lesil 
in  the  left  hemisphere  alone  ?     The  answer  to  this  <^uestion  is 
supplied  by  the  imixirtant   and  curious  observation   that   in   lei 
handed  individuals  damage  to  the  right  inferior  frontal  convolul 
may  cause  aphasia.     In  the  right-handed  man  the  motor  areas 
the  left  hemisphere  may  be  supposed  to  be  more-  highly  cducai 
tlian  those  of  the  right  hemisphere.     The  movements  of  the  ngl 
side  which  they  initiate  or  control  are  stronger  and  more  dehcal 
and  precise  than  those  of  the  left  side.     It  is  only  necessar>* 
assume  that  this  process  of  specializ,',tion,  of  selective  training,  h 
been  carried  on  to  a  still  greater  extent  in  the  left  frontal  convoh 
tion,  that  in  most  men  the  speech-centre  there  lias  taken  upon  it! 
the  whole,  or  the  greater  part,  of  the  labour  of  clothing  ideas 
words,  leaving  to  the  right  centre  only  its  primitive  but  undeveloi 
powers.     In  left-handed  persons  the  speech-centre  on  the  right  si< 
may  be  supposed  to  share  in  the  general  functional  development 
the  right  hemisphere.     That  great  capabilities  arc  King  dorm; 
in  the  right  speech-centre  of  the  ordinary  right-handed  individi 
is  indicated  by  the  fact  that  after  complete  destnicrion  of  the  U 
inferior  frontal  convolution  the  power  of  speech  may  be  to  a  co 
siderable  extent,  though  slowly  and  laboriously,  regained  ;  and 
is  said  that  this  second  accumulation   may  be  swept   a\%*ay,   and 
without  remedy,  by  a  second  lesion  in  the  right  inferior  frontal 
convolution.     But  frail  is  the  tenure  of  Ufc  in  a  person  who 
twice  suffered  from  such  a  lesion  ;  and  we  do  not  know  whel 
recover)'  might  not  take  place  to  some  extent  even  after  dest 
tion  of  both  inferior  frontal  convolutions,  if  the  patient  only 
long  enough. 

Temporary  aphiisia  may  occur  without  any  structural  change 
the  speech-centre — for  example,  during  an  attack  of  migraioe. 
children   it   may  even  be   caused   by  some  comparatively   i 


THE  CENTRAL  NERVOUS  SYSTEM 


7$7 


irritation  in  tlie  digestive  tract,  such  as  that  due  to  the  presence 
of  a  tape-worm. 

In  the  anthrojxjtd  apes  no  evidence  of  the  existence  of  any  '  speech- 
centre.'  even  distantly  foreshadowing  the  human,  has  been  obtained 
by  stimulating  the  inferior  frontal  convolution  on  cither  side.  No 
movements,  and  particularly  no  movements  connected  with  vocaU- 
zation,  arc  eUcited. 

Sensory  Aphasia.— In  t\'pica]  motor  aphasia  spoken  and  written 
words  convey  tn  the  patient  their  ordinary  meaning.  They  call 
up  in  his  mind  the  usual  sequence  of  ideas,  but  the  chain  is  broken 
at  the  S]w^ch-centrc,  antl  the  outgoing  ideas  cannot  be  clothed  in 
words.  In  another  class  of  cases  the  patient  may  be  perfectly 
capable  of  rational  speech  ;  he  may  talk  to  himself  of  on  a  set  topic 
with  fluency  and  sense,  but  he  may  be  unable  to  respond  to  a  ciues- 
lion  or  read  a  single  line  of  print.  Damage  to  two  regions  of  the 
left  hemisphere  of  the  brain  has  been  found  associated  with  this 
strange  condition:  (i)  the  upper  portion  of  the  temporo-sphenoidal 
lobe,  (2)  the  angular  gyrus  and  the  occipital  lobe.  Vvhcn  the 
temporal  region  is  alone  affected,  it  is  the  spoken  word  that  is  missed, 
the  uTitten  that  is  understood  {word-drafness).  When,  as  occa- 
sionally liappens,  the  lesion  is  confined  to  the  occipital  region, 
spoken  language  is  perfectly  imdorstood.  written  Linguage  not  at 
all  {word-biindness).  Sensory,  like  motor  aphasia,  may  exist  in 
any  degree  of  completeness,  from  absolute  word-deiifness  or  word- 
blindness,  in  which  no  spoken  or  printed  word  calls  up  any  mental 
image,  to  a  condition  not  aniountmg  to  much  more  than  a  marked 
absence  of  mind  or  unusual  obtuseness.  Motor  and  sensory  aphasia 
may  be  present  together.  In  well-marked  word-deafness  speech  is 
always  interfered  with  to  some  extent. 

Cortical  Epilepsy. — While  it  was  still  beUevcd  that  the  cortex  vma 
inexcitable,  epilepsy  was  supposed  to  be  exclusively  due  to  morbid 
conditions,  structural  or  functional,  of  the  medulla  oblongata 
(Kussmaul  and  Tenner).  Some  more  recent  writers  have  put 
forward  precisely  the  opposite  opinion,  that  the  disease  is  always 
cortical  in  origin  {Unverricht.  etc.).  What  we  know  lor  certain  is 
that  some  cases,  but  only  a  minority,  arc  associated  with  irritative 
lesions  in  or  near  the  Rolandic  area  (cortical  or  Jacksonian  epilepsy). 
It  has  even  been  found  possible  to  localize  the  position  of  the  lesion 
from  the  part  of  the  body  in  which  the  fit,  or  the  aura  (the  sensa- 
tion or  group  of  sensations  pecuhar  to  each  case,  which  precedes 
and  announces  it),  begins.  For  example,  if  the  convulsions  com- 
mence with  a  twitching  of  the  right  thumb  and  extend  ot'er  the 
arm,  or  if  the  aura  consists  of  sensations  beginning  in  the  thumb, 
there  is  a  strong  presumption  tliat  the  seat  of  the  lesion  is  the  part 
of  the  ami-area  known  as  the  '  thumb-centre  '  in  the  left  cerebral 
hemisphere.  It  is  the  seat  of  the  convulsion  at  its  commencement, 
not  the  regions  to  which  it  may  aftcnu-ards  spread,  that  is  important 
in  diagnosing  the  position  of  the  lesion.  For  just  as  strong  or  long- 
continued  electrical  stimulation  of  a  given  *  centre  '  of  the  motor 
cortex  may  give  rise  to  contractions  of  muscles  .associated  with  other 
'  centres,*  so  the  excitation  set  up  by  localized  disease  niay  spread 
far  and  wide  from  its  original  focus,  invoking  area  after  area  of 
the  Holandit  region  first  in  the  one  hemisphere  and  then  in  the 
other.     The  part  •  '  ^  sensor\'  aura  is  referred 

IS  as  siguifi''  the  discharging  lesion 

as  is  the  p--  twitch. 
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Seasory  Functions  of  the  Rotandic  Area. — This  is  one  oi  tbe_ 
proofs  tliat  the  Rulandic  region  is  not  a  purely  motor,  but  a  sense 
motoVy  or  kinte&theiic,  area.  Histological  and  embryolo^cal  stu* 
on  the  course  of  the  sensor\'  paths,  as  already  pointed  out»  sup| 
this  conclusion.  We  have  already  mentioned  that,  according 
Goltz's  observations  (p.  747),  removal  of  the  Rotandic  cortex  cai 
defects  of  sensation  as  well  as  of  movement.  From  the  field 
experiment  further  evidence  is  forthcoming. 

(1)  It  has  been  found  that  if  the  posterior  roots  of  the 
supplying  one  of  the  limbs  be  cut  in  a  monkey,  all  the  most  delic 
and  Bkillcd  movements  of  the  limb  are  either  greatly  impaired 
totally   abolished   {Mott   and   Shcrriu/^ton).     The  Unib   is    not   us 
for  progression  or  for  chmbinj^.  but  hangs  limp,  and  apparentiv  hell 
less,  by  the  side  of  the  animal.     That  this  condition  is   not  due 
any  loss  of  functional  power  by  the  peripheral  portion  of  the  mot 
path  may  be  assumed,  since  the  anterior  roots  remain  intact. 
Jt  is  not  due  to  any  want  of  capacity  on  the  part  of  the  motor  centi 
to  discharge  impulses  when  stimulated  may  t>e  shown  by  excitii 
the  cortical   area   of   the   limb — cither   clectricaUy   or   by   indurii 
epileptic   convulsions  by  intravenous  injection  of  absinthe — wh< 
movements  of  the  affected  limb  take  place  just  as  rcadilv  as  moi 
mcnts  of  the  sound  limb.     The  cause  of  the  impairment  oi  voJuntai 
motion,  then,  can  only  be  the  loss  of   the  anerent  impulses  whi< 
normally  pass  up  to  the  brain,  and  presumably  to  the  motor  cort* 
When  only  one  sensory  nerve-root  is  cut,  no  defect  of  movcroeni 
can   be   seen  ;   and   this   is  evidently   in   accordance   with   the 
already  mentioned  (p.  699),  that  complete  ana?sthesia  of  even  tl 
smallest  patch  of  skin  is  never  caused  by  section  of  a  single  po5teri< 
root.     And  tliut  it  is  the  loss  of  impulses  from  the  skin  which  plai 
the  chief  part  is  shown  by  the  fact  tluit  after  division  of  the  postcriJ 
roots  supplying  the  muscles  of  the  hand  or  foot,  which  only  }>arliail 
interferes  with  the  sensory  su[)ply   of  the  skin,  joints,   sheaths 
tendons,  etc.,  movement  is  unimpaired  ;  while  section  of  the  ncr\T 
roots  supplying  the  skin,  those   of    the   muscles  being  left  intj 
causes  extreme  loss  of  motor  power. 

(2)  H  a  strength  of  stimulus  be  sought  which  will  just   fad  t^ 
cause  contraction  of  the  muscular  group  related  to  a  given  mot< 
area,  and  a  seasor\'-  nerve,  or,  better,  a  sensory  surface  (best  of  al 
the  skin  over  the  corresponding  muscles),  be  now  stimulated.  contTi 
tion  may  occur— that  is  to  say,  the  excitability  of  the  motor  cent 
may  be  increased.     This  shows  that  the  motor  region  is  en  rapi 
not  only  with  ctfercnt.  but  also  with  aflerent  fibres*  that  it  receii 
impulses  as  well  as  discharges  them. 

The  same  experiment  is  a  proof  that  the  results  of  excitation 
the  motor  cortex  are  due  to  stimulation  of  the  grey  matter,  and  no! 
as  has  been  asserted,  of  the  white  hbrcs  of  the  corona  rndiata. 
is  undoubtedly  |>ossibIe  to  excite  these  fibres  by  electrodes  direct] 
applied  to  the  motor  cortex,  but  in  the  latter  case  the  current 
to  be  made  stronger  than  is  sufficient  to  excite  the  grey   matl 
alone.     Further  evidence  is  afforded  by  the  following  facts  :  (a) 
'  period  of  delay  * — that  is,  the  period  which  lapses  between  stimuU- 
tion  and  contraction — is  greater  by  nearly   50  per  cent.  wh< 
cortex  is  stimulated  tlian  when  the  white  fibres  are  directly  e: 
{0)  Morphia  greatly  increases  the  period  of  delay  for  stimuldl 
the  cortex,  and  at  the  same  time  renders  the  resulting  conlractio 
more  prolonged  tlian  normal,  while  the  results  of  du'ect  stimulAtJ 
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of  the  white  fibres  are  much  less,  if  at  all,  aflccted.  (r)  Mechanical 
stimukilian  of  the  motor  areas  also  causes  appropriate  movements. 
(d)  StLmulation  of  the  grey  matter,  when  separated  from  the  sub- 
jacent white  matter  by  the  knife,  but  left  m  position,  is  wnthout 
effect  unless  the  strength  of  stimulus  be  increased,  although  twigs  of 
the  current  ought,  of  course,  to  pass  into  the  corona  radiata  as  easily 
as  before. 


Seat  of  Intellectual  Processes. — When  we  have  deducted 
from  the  cortex  of  the  hemisphere  the  whole  RoJandic  region 
and  the  sensory  centres,  there  still  remains  a  large  territory  un- 
accounted for.  Considerable  |X)rtJons  uf  tlie  occipital,  parietal, 
and  tem[K)ral  lobes,  nearly  t!ie  whole  of  the  island  of  Reil  and 
the  greater  part  of  the  frontal  lobe  anterior  to  the  ascending 
frontal  convolution  are  "  silent  areas,'  and  respond  to  stimula- 
tion by  neither  motor  nor  sensory  sign.  They  correspwnd  to 
the  association  centres  previously  referred  to.  By  a  process 
of  exclusion  it  has  been  supjwsed  that,  in  addition  to,  or  partly 
in  virtue  of,  their  associative  function,  they  are  the  seat  of 
intellectual  and  psychical  operations.  The  intellectual  function 
has  been  more  particularly  assigned  to  the  frontal  lobes,  and 
with  great  probability,  although  we  have  little  real  knowledge 
to  guide  us  to  a  decision.  Extensive  destruction  and  loss  of 
substance  of  the  pre-frontal  region  may  sometimes  occur  with- 
out any  markefl  symptoms.  But  usually  there  is  restriction 
of  mental  |X)wer  or  it  maybe  loss  of  moral  restramt.  Thus  in 
the  famous  '  American  crowbar  case,'  an  iron  bar  comjiletely 
translixed  the  left  frontal  lobe  of  a  man  engaged  in  blasting. 
Although  stunned  for  the  moment,  he  was  able  in  an  hour  to 
climb  a  long  flight  of  stairs,  and  to  answer  the  inquiries  of  the 
surgeon.  Finally,  he  recovered,  and  lived  for  nearly  thirteen 
years  without  either  sensory  or  motor  deficiency,  except  that 
he  suffered  occasionally  from  epileptic  convulsions.  But  his 
intellect  was  impaired  ;  he  became  fitful  and  vacillating,  profane 
in  his  language  and  inefficient  in  his  work,  although  previously 
decent  in  conversation  and  a  diligent  and  capable  workman. 

Flechsig  supposes  that  his  great  anterior  association  centre 
in  the  frontal  lobe  is  concerned  in  the  retention  of  the  memory 
of  all  conscious  bodily  experiences,  eaj^ecially  those  connected 
with  voluntary  acts.  The  great  posterior  association  centre 
he  imagines  to  be  en^^ed  in  the  formation  and  collection  of 
ideas  of  external  objects  and  of  the  'word  pictures'  which 
represent  them,  and  with  the  prei)ardtion  of  sj^eech  in  respect 
of  the  thoughts  to  be  expressed  and  the  form  of  expression, 
the  office  of  the  Broca's  area  *«*  -w*/«iite  the  mechanical 

part  of  the  process  b^'  *ato  actual 

i)okcn  words.    Tlii  Ke  looked 


V     'V 


1 


76o  A  MANUAL  OP  PHYSIOIjOGY 

upon  as  the  seat  of  intellect  in  the  narrower  senae,  as  the  aaiaAiM 
is  of  will  and  feeling.  ^ 

The  experiments  of  Fnuu  on  the  rdatioti  of  the  '" 

association  areas,  and  especially  the  frontal  area,  to 
acquired  habits  are  of  interest.  Cats  were  allowed  to 
certain  habits  involving  simple  mental  processes^  and  Hbm 
was  seen  how  these  were  aifected  by  cortical  lesiooa. 
bilateral  extirpation  of  the  frontal  lobes  (the  arec 
the  crucial  sulcus)  newly-formed,  but  not  kmg-8taiidhi|^ 
are  lost.  This  cannot  be  due  to  shock,  since  other  biam 
arc  not  followed  by  loss  of  the  habits.  Extiqaatioa  of  cai'; 
frontal  area  usually  causes  a  partial  loss  of  nenrly-aoqnntd 
habits,  or,  rather,  a  slowing  of  the  association  proceas  leadttn^  ti 
unusual  delay  in  the  execution  of  the  movements 
with  the  habit.  Habits  once  lost  after  removal  of  the 
may  be  releamed. 

Localization  of  Function  in  the  Central  Nervous 
— ^Let  us  now  consider  a  little  more  closely  the  real  nwaniQgaf 
this  localization  of  function.  Scattered  all  over  the  grey  matftar 
of  the  primitive  neural  axis,  and,  as  we  have  seen,  over  the 
mantle  of  the  brain  as  well,  are  numerous  '  centres '  whidi  t 
to  be  related  in  a  special  way  to  special  mechanisms, 
secretory,  or  motor.  The  question  may  fitly  be  asked 
those  centres  are  really  distinct  from  each  other  in  quality  sf 
structure  or  action,  or  whether  they  owe  their  peculiar  proper Ues 
solely  to  differences  in  situation  and  anatomiod  connection.  It 
is  clear  at  the  outset  that  the  nature  of  the  work  in  which  a  centre 
is  engaged  must  be  largely  determined  by  its  connections.  The 
kind  of  activity  which  goes  on  in  the  vaso-motor  centre  in  the 
bulb,  for  example,  may  in  no  essential  respect  differ  from  that 
which  goes  on  in  the  respiratory  centre.  The  calibre  of  tiie 
bloodvessels  will  alter  in  response  to  a  change  of  activity  in  tiie 
one  because  it  is  anatomically  connected  with  the  muscular  coat 
of  the  bloodvessels.  The  rate  or  depth  of  the  respiratory  move- 
ments will  alter  in  response  to  a  change  of  activity  jn  the  other 
because  it  is  connected  with  muscles  which  can  act  upon  the 
chest-walls. 

Recent  exijeriments  afford  a  verv'  interesting  illustratkm  of 
the  determining  influence  of  their  peripheral  connections  oa 
the  function  of  nerve-fibres.     It  has,  in  fact,  been  sbovm  that 
the  central  end  of  any  efferent  somatic  fibre — i.e.,  any  fifaie 
running  from  the  central  nervous  system  and  ending  in 
muscle — can  make  functional  connection  with  the  peiipl^ 
end  of  any  other  efferent  fibre  of  the  same  class,  wluitev 
the  normal  actions  produced  by  the  two  fibres.    Advanti 
been  taken  of  this  in  surgery.     For  instance,  in  a  case  o 
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facial  (motor)  tic  the  facial  nerve  was  divided  and  its  peripheral 
end  united  with  a  |X)rtion  of  the  fibres  of  the  spinal  accessory. 
The  voluntary'  movements  of  the  face,  after  regeneration  had 
occurred,  were  normally  carried  out  tliroiigh  impulses  descend- 
ing the  spinal  accessory.  In  cases  of  local  paralysis,  due  to 
destruction  of  anterior  horn-rells  {anterior  poliomyebtis), 
restoration  of  movement  has  also  been  obtained  by  connecting 
the  motor  ner\-e  of  the  j^araly^ed  muscles  to  a  portion  of  a  nerve 
coming  off  from  an  uninjured  region  of  the  cord. 

The  central  end  of  any  efferent  somatic  fibre  can  also  make 
functional  luiion  with  the  peripheral  end  of  any  of  the  efferent 
fibres  which  run  from  the  central  nervous  system  and  end  in 
ganglion  celis  (pre-ganglionic  fibres},  and  the  central  end  of 
any  pre-ganglionic  fibre  can  do  the  same  with  the  peripheral 
end  of  any  efferent  somatic  fibre  (Langley  and  Anderson).  For 
instance,  Langley  divided  (in  cats)  the  vagus  nerve  and  the 
cer\'tcal  sympathetic.  The  i>eripheral  end  of  the  former  de- 
generated, of  course,  below  the  section,  and  the  iierij>heral 
(cephalic)  end  of  the  latter  degenerated  above  the  section,  up  to 
the  terminations  of  its  a.xons  in  the  superior  cervical  gangtion. 
The  central  end  of  the  cut  vagus  was  subsequently  sutured  to 
the  peripheral  end  of  the  cut  sympathetic.  After  a  lime  the 
vagus-fibres  grew  along  the  course  of  the  d^encratcd  s\'mpa- 
thetic  up  to  the  ganglion,  where  some  of  them  formed  arboriza- 
tions around  the  ganglion  cells.  It  was  now  found  that  stimula- 
tion of  the  vagu^  produced  the  effects  usually  caused  by 
stimulation  of  the  cervical  sympathetic — for  example,  dilatation 
of  the  pupil  and  constriction  of  the  bloocivessels  of  the  head  and 
neck.  From  these  experiments  it  follows  that  the  functions 
of  the  various  groups  f>f  fibres  in  the  cervical  sympathetic  do 
not  depend  on  anything  peculiar  to  the  fibres  ;  any  fibre  which 
can  make  connection  with  one  of  the  ganglion-cells  that  send 
axons  to  the  dilator  muscle  of  the  iris  will,  when  stimulated, 
act  as  a  pupillo-dilator  fibre,  just  as  well  as  a  cer\ucat  sympa- 
thetic fibre.  The  cer\ncal  sympathetic  can  unite  with  the 
phrenic  nerve  or  the  spinal  accessory  and  cause  contraction  of 
the  diaphragm  or  the  stcmo-mastoid  muscles. 

Functional  union  does  not  take  i>lace  between  efferent  somatic 
fibres  (or  preganglionic  fibres)  and  post-ganglionic  fibres — t.*;., 
fibres  arising  in  peripheral  ganglia,  and  ending  in  smooth  muscle 
and  glandular  tissue ;  e.g.^  the  cervical  sympathetic  after 
■excision  of  the  5U|jenor  cervical  ganglion  does  not  unite  with 
the  fibres  leaving  the  anterior  end  of  the  ganglion  in  such  a  way 
that  stimulation  nf  '**  any  of  the  effects  normally  pro- 

luced  thrc  is  been  given  that  afferent 
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Ttie   locj-Iization    of    fuucticui    in    the   cerebral    cortex    has   be^ 
likened  to  the  locaUzatioTi  of  industries  in  the  multiplex  comracmAl 
life  of  the  modem  world.     The  barbanan  household  in  which  c\ 
is  woven  and  worked  into  garments;  sandals,  or  moccasins  cob 
topcther ;  rough  pottery  baked  in  the  kitchen  fire,  and  all  tJw  ; 
furniture  nf  the  lodge  fastened  by  the  hands  which  built  it, 
which   rest  beneath   its   roof  at  night — this  state   of    things   w 
centralization  has  not  yet  begun,  it  has  been  said^  is  a  picture 
what  goes  on  in  the  undeveloped  brains  of  the    frog,    the   pig« 
and  the  rabbit.     Tlie  '  diffusion  '  of  industries  w^hich  is  character 
istic  of  a  primitive  state  has  given  place  among  the  most 
civilized  tnen  to  extreme  centralization  and  concentration. 
Chester    spins    cotton    and    Liverpool    ships    it.      Cliicago 
wheat  and  pork  that  have  been  produced  on  the  prairies  otM 
and    Illinois.     Amsterdam    cuts    diamonds.     Munich     brews 
Lyons  weaves  silk.     New  York  and  1-ondon  are  centxes  of 
This,  it  is  said,  is  the  picture  of  tho  highly  specialized  brain 
monkey  or  a  man.     But  ingenious  and  alluring  though  such  anaiogits 
arc,  they  do  not  rest  upon  a  sufficient  basis  of  fact. 

It  has  never  been  shown — ^nor  is  it  likely  that  the  proof  will  soon 
be  forthcoming — that  there  is  any  difference  wlxatever  in  the 
physical,  chemical,  or  psychical  processes  wluch  go  on  in  the  \-arious 
centres  of  the  Rolandic  cortex.  It  may  be  supposed,  indeed,  thai 
the  so-called  sensory  areas  of  the  cortex  differ  more  widely  in  ih 
internal  activity  from  the  motor  areas  than  the  latter  do  amoi 
themselves,  and  that  the  activity  of  the  anterior  portion  of 
brain,  the  portion  which  has  been  credited  par  excellence  wi 
psychical  functions,  differs  in  kind,  not  merely  in  degree,  from  t 
of  all  the  rest.  But.  as  we  have  just  seen,  even  the  motor  are^ 
have  senson,'  functions,  .\  cast-iron  physiolog>*  may  explain 
b>'  the  assumption  of  '  scnsor\' '  as  well  as  '  motor  '  cells  in 
Rolandic  area,  and  may  find  support  for  such  an  assumption  in 
well-known  fact  that  the  large  pyramidal  cells  whose  axons  fo 
the  pyramidal  tract  make  up  but  a  small  proportion  of  the  to 
numocr  of  pyramidal  cells  in  this  region,  which,  besides,  con 
numerous  cells  of  Golgi's  second  type  (p.  666).  Yet  there  is  a 
lutely  notliing  to  contradict  the  supposition  that  the  discharge 
energy  from  the  most  circumscribed  motor  area  or  element  may 
accompanied  not  only  with  consciousness,  but  with  a  lugh  degr- 
of  psychical  activity.  And,  indeed,  some  wTilcrs  have  supiH 
that  such  a  consciousness  of,  or  even  conscious  measurement  o 
the  discharge  from  the  motor  areas  is  the  basis  o!  the 
sense  (Bain,  Wundt). 

So  far,  at  least,  as  the  Rolandic  region  and  the  grey  matter  imm 
diately  around  the  neural  canal  are  concerned,  the  analop^*  of 
electrical  switch-board  connected  with  machines  of  various  kin 
might  be  more  correct.     Touch  one  key  or  another,  and  an  engine 
set  in  motion  to  grind  corn,  or  to  saw  wood,  or  to  light  a  town,    Tlie 
difference  in  result  lies  not  in  any  difference  of  material  or  ^^-orkm 
ship  in  the  switches,  but  solely  in  the  difference  in  their  connections, 

(vrey  matter  in  the  upper  part  of  the  Rolandic  cortex  is  exci 
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and  the  muscles  of  the  leff  contract.  Grey  matter  around  the  lower 
part  of  the  fissure  is  excited,  and  there  are  movements  of  the  face 
and  mouth-  Grey  matter  in  the  medulla  oblongata  is  excited, 
and  the  salivary  glands  pour  forth  a  thin,  watery  fluid,  (K)or  in 
proteids,  and  containing  an  amylolj'tic  ferment.  Another  portion 
of  grey  (?)  matter  in  the  medulla  is  thrown  into  activity-,  and  the 
pancreatic  ducts  become  flushed  with  a  thick  secretion,  rich  ni  pro- 
teids  and  in  ferments,  which  act  on  proteids,  starch,  and  fat.  Here. 
too,  there  is  a  variety  m  result  accordmg  as  one  or  another  nervous 
switch  is  closed  ;  here,  too,  the  \'ariety  is  due,  not  to  essential 
differences  in  the  structure  or  the  activitv*  of  the  nervous  centres, 
but  to  their  connection,  by  nervous  paths,  with  peripheral  organs 
of  different  kinds.  There  is,  indeed,  a  s]>ecializatian,  a  local !7.at ion, 
of  function,  but  the  localization  is  at  the  periphery,  the  specialization 
is  in  the  peripheral  organs. 

It  may  be  iUvked  whether,  if  this  is  the  case  for  the  jwripheral 
organs  of  efferent  ner\'es,  the  converse  does  not  liold  true  for  the 
afferent  nerves — in  other  words,  whether  the  locaUzation  here  is 
not  at  the  centre.  .\nd  that  there  is  in  some  degree  a  central 
locaUzation  of  sensation  may  be  considered  proved  by  the  well- 
known  clinical  fact,  already  referred  to,  that  sensations  of  various 
kinds  may  be  produced  by  pathological  changes  in  the  cortex.  Kor 
example,  a  tumour  involving  the  upper  part  of  the  temporal  lobe 
may  give  rise  to  epileptiform  convulsions  preceded  by  an  auditory 
aura,  a  sound,  it  may  be,  resembling  the  ringing  of  bells  ;  a  tumour 
involving  the  occipital  region  may  cause  a  visual  aura,  and  so  on. 
Central  sensor^'  kKaUzation  is  the  fundamental  idea  of  the  old 
doctrine  of  the  specific  energy  of  ner\'es,  which,  in  modern  phrase- 
ology, expresses  the  fact  that  excitation  of  the  central  end  of  a  sensory 
nerve  bv  various  kinds  of  stimuli  causes  always,  or  at  least  very 
often,  the  particular  kind  of  sensation  appropriate  to  the  nerve. 
Tlie  observation  so  frequently  made  in  surger\'  before  the  days  of 
anarsthctics,  that  when  the  optic  nerve  was  cut  in  remoWng  the 
eyeball  the  i>atient  cxjxirienccd  the  sensation  of  a  flash  of  light.* 
was  long  looked  upon  as  the  strongest  prop  of  the  law  of  specific 
energy,  and  well  illustrates  the  meaning  ol  the  term.  Here  a 
mechanical  excitation  of  the  optic  fibres  in  their  course  gives  rise 
to  the  same  sensation  as  excitation  of  the  retina  by  the  natural 
or  homologous  stimulus  of  light.  Since  a  similar  mcchaiiical  stimulus 
applied  to  the  auditory  nerve  gives  rise  to  a  sensation  of  sound,  and, 
applied  to  the  trigeminal  nerve,  to  a  sensation  of  pain,  many  physi- 
ologists have  assumed  that  the  impulses  set  up  in  the  auditor)'  nerve 
when  sound  impinges  on  the  t^inpanic  membrane  do  not  difier 
essentially  from  those  set  up  in  the  optic  nerve  when  a  ray  of  light 
falls  upon  the  retina,  or  from  those  set  up  in  the  fifth  nerve  by  the 
irritation  of  a  carious  tooth,  or  from  those  set  up  in  certain  fibres 
of  the  cutaneous  nerves  when  a  warm  body  comes  in  contact  with 
the  skin.  Since  the  results  in  consciousness  arc  vxry  different, 
this  assumption  has  necessitated  the  further  conclusion  that  some- 
where or  other  in  the  central  nervous  system  there  exist  organs 
that  arc  differently  affected  by  the  same  kinds  of  afferent  impulses 
— in  other  words,  tliat  sensory  localization  is  at  the  centre.  On 
this  \-iew,  the  visual  are;is  in  the  cortex  rcspomi  to  all  kinds  of 
stimuU  by  visual  sensations  :  I  In-  iniditorv  artMA  by  sensations  of 
sound,  and  90  on. 

*  It  is  said  tba 
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But  while  it  cannot  be  doubted  that  special  sensory 
in  the  grey  matter  of  the  brain,  there  is  no  reason  to  suppose 
the  nerve-impulses  which  travel  up  to  them  are  absolutely  similar 
until  they  have  reached  the  centres,  and  there  suddenly  becoiM, 
or  produce,  sensations  absolutely  diilerent.  There  is,  indeed 
evidence  of  a  certain  amount  of  sensor\'  specialization  at  the  pen- 
pher^\  For  example,  when  an  ordinary  nerve-trunk  is  touched,  the 
resultant  sensation  is  not  one  of  touch.  If  there  is  any  sensation  at 
all,  it  is  one  of  pain.  Heating  or  cooling  a  naked  nervc-tnuik 
gives  rise  to  no  sensations  of  temperature.  \V*hcn  the  ulnar 
is  artificially  cooled  at  the  elbow,  the  first  effect  is  severe 
the  parts  of  the  hand  suppUed  by  the  ner\'e.  The  pain  disa] 
somewhat  abruptly  as  cooling  goes  on,  and  is  succeeded  bi 

loss  of  all  sensation  in  the  ulnar  area  of  the  hand  ;  but  th< 

of  the  nerve-trunk  docs  not  give  rise  to  any  sensation  of  coM  (W«r 
Mitchell).  Stimulation  of  the  end  organs  is  essential  in  order  tlwt 
sensations  of  touch  and  temperature  should  be  experienced.  Such 
facts  indicate  that  the  afferent  impulses  are  to  some  extent  differen- 
tiated before  they  reach  their  centres.  One  reason,  then,  whr 
excitation  of  the  temporal  cortex  by  impulses  falling  into  it  alonj^ 
the  auditor)'  nerx-e-fibres  causes  a  sensation  dil?er«nt  from  that 
caused  by  impulses  reaching  the  occipital  cortex  through  the  fibres 
of  tiie  optic  ner\e  may  be  a  difference  in  the  nature  of  the  impube^ 
If  this  were  Uie  only  reason,  it  would  follow  that  were  it  poesibk 
to  physiologically  connect  the  fibres  of  the  optic  radiation  with  the 
temporal  cortex,  and  those  of  the  temporal  radiation  with  the 
occipital  cortex,  sights  and  sounds  would  still  be  perceived  and  dis- 
criminated in  a  normal  manner,  although  now  the  integrnt>-  of  the 
occipital  lobe  would  be  boimd  up  with  the  jicrception  of  sound, 
the  integrity  of  the  temporal  lobe  with  visual  sensation.  This  state 
of  affairs  would  correspond  to  complete  speciaHzation  for  sensation 
in  the  peripheral  organs,  complete  absence  of  speciaHzation  in  the 
centres.  On  the  other  hand,  it  is  conceivable  that,  after  such  All ,, 
idea!  experiment,  sound-waves  falling  on  the  auditory  api 
might  cause  visual  sensations,  and  luminous  impressions  faluni 
the  retina  sensations  of  sound.  Tliis  would  correspond  to  com[ 
specialization  of  sensation  in  the  centres,  complete  absence' 
SpeciaHzation  at  the  periphery,  A  third  possibility  would  be 
the  ■  transposed  '  centres,  responding  at  first  feebly  or  not  at  a1 
the  new  impulses,  might,  by  slow  degrees,  become  more  and 
excitable  to  them.  This  would  correspond  to  a  ix'ripheral  speci; 
tion,  combined  with  a  tendency  to  development  of  central  specialii 
tion.  And.  indeed,  it  is  not  easy  to  conceive  in  wluit  way,  except 
as  the  result  of  differences  in  the  nature  of  impulses  coming 
the  periphery-,  specialization  of  sensory  areas  in  the  central  neri 
system  could  have  at  first  arisen. 

Degree    of    Localization    in    Different    Animals. — B< 
leaving  this  subject,  two  points  ought  to  be  made  clear  :  (i 
degree  of  localization  of  function  in  the  cortex  goes  haiw 
hand  with  the  general  development  of  the  brain.     In  man 
the  monkey,  the  motor  localiration  is  more  elaborate  tl 
the  dog — that  is  to  say,  a  greater  number  of  movements 
be  associated  with  definite  cortical  areas.     In  the  rabbit,, 
motor  centres  have  been  particularly  studied  in  receaj 
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by  Mann  and  Mills,  localization  is  still  less  advanced  than  in 
the  dog.  Towards  the  bottom  of  the  mammahan  group  certain 
motor  areas  can  still  be  demonstrated,  though  they  are  rather 
ill -defined,  for  instance,  in  the  hedgehog  (Mann),  opossum 
(Cunningham),  and  omithorhynchus  (Martin).  In  general  the 
movements  of  the  anterior  limb  are  easier  to  obtain  than  those 
of  the  posterior.  In  birds  Mills  found  no  evidence  of  the  existence 
of  any  motor  centres. 

(2)  Areas  of  the  same  name  (homologous  area)  in  different 
groups  of  animals  do  not  necessarily  have  the  same  function — 
that  is,  in  the  case  of  the  motor  areas, are  not  necessarily  associated 
with  the  same  movements.  Taking  the  jxjsition  of  the  centre 
for  the  orbicularis  oculi  as  a  test,  Ziehen  has  come  to  the  con- 
clusion that  in  the  anthrojioid  apes  and  in  man,  this  centre 
has  been  [mshed  forward  by  the  encroachment  of  the  centres 
behind  it,  and  especially  of  the  visual  centre,  the  arm  centre, 
and  the  speech  centre,  which  have  undergone  a  great  func- 
tional development. 

Reaction  Time. — Just  as  in  a  reflex  act  a  certain  measure- 
able  time  (reflex  timr)  is  taken  up  by  the  changes  that  occur  in 
the  lower  nervous  centres,  so  we  may  assume  that  in  all  psychical 
processes  the  element  of  time  is  involved.  And,  indeed,  when 
the  interval  that  elapses  between  the  application  of  a  stimulus 
and  the  signal  which  annnunrrs  that  it  has  been  felt  [reaciton 
time)  is  measured,  it  is  found  that  the  cerebral  processes  associ- 
ated with  the  perception  of  the  simplest  sensation  and  the  pro- 
duction of  the  simplest  voluntary  contraction  is  longer  than  the 
time  which  the  spinal  centres  require  for  the  elaboration  of  even 
complex  and  co-ordinated  reflex  movements.  Suppose,  e.g., 
that  the  stimulus  is  an  induction  shock  applied  to  a  given  point 
of  the  skin,  and  that  the  signal  is  the  closing  of  the  circuit  of 
an  electro-magnet,  then,  if  both  events  are  automatically  re- 
corded on  a  revolving  dr\im,  the  interval  can  Iw  readily  deter- 
mined. It  is  evident  that  this  includes,  not  only  the  time 
actually  consumed  in  the  central  processes,  but  alio  the  time 
required  for  the  afferent  impulse  to  reach  the  brain,  and  the 
efferent  impulse  the  hand,  along  with  the  latent  peritnl  of  the 
muscles.  The  time  taken  up  in  these  three  events  can  be 
approximately  calculated,  and  when  it  Ls  subtracted,  the  re- 
mainder represents  the  reduced  or  corrected  reaction  time — 
that  is,  the  interv'al  actually  spent  in  the  centres  themselves. 
This  is  by  no  means  a  constant.  It  is  inRuenced  not  only  by 
the  degree  of  complexity  of  the  psyciiical  acts  involved,  and 
the  mental   attitude  oi   the   jicrson  /w  •^♦s  the 

stimulus  or   is   taken   by  surpri^ 
between  several  possible  kind" 
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one,  etc.),  but  it  varies  also  for  different  kinds  of  sensAUn. 
for  the  same  sensation  at  different  times,  and  as  is  retogiu<*d 
in  the  pers(yiutl  equation  of  astronomers,  in  different  individui!^ 
For  sensations  of  touch  and  pain  it  may  be  taken  as  one-iunth 
to  one-fifth,  for  hearing  one-eighth  to  one-sixth,  and  for  siehl 
one-eighth  to  one-fifth  of  a  second.  So  that  the  proverbial 
quickness  of  thought  is  by  no  means  great,  even  in  corap.i";"  " 
with  that  of  such  a  gross  process  as  the  contraction  of  a  n: . 
(one-tenth  of  a  second).  Nor  is  it  the  case  diat  the  man  c.i 
quick  apprehension  '  has  always  a  short  reaction  time,  or  tlic 
dullard  always  a  long  one,  although  in  all  kinds  of  persoril 
practice  will  reduce  it.  I 

Sleep. — Certain  gland-cells,  certain  muscular  fibres,  and  td 
epithelial  cells  of  ciliated  membranes,  never  rest,  and  perhan 
hardly  ever  even  slacken  their  activity.  But  in  most  orgaH 
periods  of  action  alternate  at  more  or  less  frequent  Lnter\a| 
with  periods  of  relative  repose.  In  all  the  higher  animals  tbi 
central  nervous  system  enters  once  at  least  in  the  twenty-foJ 
hours  into  the  condition  of  rest  which  we  call  sleep.  Wliat  tim 
cause  of  this  regular  periodicity  is  we  do  not  know.  It  ■ 
accompanied  by  changes  in  the  microscopical  appearance  J 
the  nerve-cells.  Thus,  Hodge  found  differences  between  thi 
cells  of  certain  portions  of  the  cerebral  cortex  in  birds,  and  <■ 
certain  ganglia  in  the  honey-bee  after  a  long  day  of  work  aiM 
after  a  night's  rest ;  and  Mann  and  other  observers  in  the  cclB 
of  the  cerebral  cortex  and  the  anterior  horn  in  dogs  fatigued 
by  muscular  exercise  as  compared  with  rested  dogs  (Fig.  323M 
The  most  constant  changes  in  fatigue  are  a  diminution  in  sisM 
and  irregularity  in  outline  of  the  nucleus  (which  also  stain 
more  deeply  than  before),  a  shrinking  of  the  protoplasm,  M 
diinmution  in  the  amount  of  the  stainable  substance  of  Nissll 
with  the  Ineaking  up  of  some  of  the  Nissl  bodies  (p.  661)  and] 
the  diffusion  of  their  stainable  material  through  the  cell.  Tbfl 
shrinking  of  the  proto()lasm  is  preceded  by  an  increase  m  iM 
volume,  and  this  is  the  sole  change  in  moderate  activity.  It  ifl 
only  when  activity  begins  to  pass  into  fatigue  that  other  altera^ 
tions  occur.  According  to  Pugnet,  even  in  extreme  fatigueJ 
as  when  dogs  were  caused  to  run  forty  to  nearly  sixty  miles  in 
a  special  apparatus,  the  changes  varied  greatly  in  degree  ifll 
different  cortical  cells,  from  mere  diniinution  of  the  cliroma-f 
tophile  substance  to  complete  disappearance  of  it  and  sucM 
dismtegration  of  the  cell  as  must  have  precluded  its  recovery^ 
had  the  animal  been  allowed  to  live.  The  nucleus  also  showedJ 
changes,  but  the  nucleolus  was  comparatively  resistant.  Many,! 
and  indeed  most,  of  the  cortical  cells  were  quite  unaflected.1 
Histological   alterations   may   also   be   caused   in   sympathctifll 
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ganglion  cells  by  prolonged  artiticial  stimulation  of  the  nerves 
connected  with  the  ganglia.  Experiments  on  fatigue  changes 
in  the  cells  of  the  s|)inal  ganglia  after  electrical  excitation  of 
the  posterior  root-fibres  are  less  decisive,  some  obser\'ers  having 
obtained  positive,  others  negative,  results  (p.  710). 

Theories  of  the  Causation  of  Sleep. — (i)  Some  have  suggested 
that  sleep  is  induced  by  the  using  up  of  substances  necessary 
for  the  functional  activity  of  the  neurons — e.g.,  the  stored-up 
or  intramoleciilai  oxygen, 
or  by  the  action  of  the 
waste  products  of  the 
tissues,  and  especially 
lactic  aci<l,  when  they  ac 
cumulate  beyond  a  certain 
amount  in  the  blood,  or 
in  the  nervous  elements 
themselves. 

(2)  Others  have  looked 
for  an  explanation  to  vas- 
cular changes  in  the  brain, 
but  so  far  are  the  ]>ossiblo 
causes  of  such  changes 
from  being  understood, 
that  it  is  even  yet  a 
question  whetlier  in  sleep 
the  lirain  is  congested  or 
anaemic.  Certain  writers 
have  settled  this  question 
by  the  summary  statement 
that  when  the  brain  rests 
the  quantity  of  blood  in 
it  must  be  supposed  to  be 
diminished,  as  in  other 
resting  organs.  But  this 
is  a  fallacious  argument. 
For  when  the  whole  body 
rests,  as  it  does  in  sleep, 
it  has  as  mucli  blood  in  it  as  when  it  works  ;  in  sleep,  therefore, 
if  some  resting  organs  have  less  blood  than  in  waking  life,  other 
resting  organs  must  have  more  :  and  it  is  the  province  of  experi- 
ment to  decide  which  are  congeste<!  and  which  arjemic.  In 
coma,  a  i>athological  condition  which  in  some  respects  has 
analogies  to  profound  and  long-continued  sleep,  the  brain  is 
congested,  and  the  pro|>cr  clem  *:  tissue  pre- 

sumably compressed.    Am*  »ans 

a  distensible  bag  int'  t 


Fig.  313. — lirFKCT  or  Fatiouk  om  KBiiVfl< 

CELLS   (BARKCR.    AriEH    MaXM). 

Two  motor  cells  from  lumbar  curd  of  dog 
fixed  in  sublimate  and  stAinrd  with  loluidin 
blue,  d,  from  rested  dog  ;  i,  pale  nucleus  . 
2.  dark  NissI  spindles  :  3.  bundles  of  nerve 
fibriU.  6,  from  the  fatigued  dog:  4,  dork 
shrivelled  nucleus  ;  ),  pale  spindles. 
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cranial  cavity)  may  cause  not  only  unconsciousness,  but  ahsoldti 
anaesthesia.  But  it  is  jwssible  that  this  artificial  increase  of  intra* 
cranial  pressure  may  produce  its  effects  by  rendering  the  bram 
amemic,  and  it  has  been  actually  observed  that  the  retnu) 
vessels,  as  seen  with  tlie  ophthalmoscope,  and  the  vessels  of  tbc 
pia  mater  exposed  to  direct  observation  in  man  by  disease  of 
the  bones  of  the  skull,  or  in  animals  by  operation,  shrink  durm< 
sleep.  Statements  to  the  contrary  may  be  due  to  neglecting 
the  influence  of  difftrence  of  jiositiun  in  the  sleeping  and  wal 
states.  In  sleeping  children  the  fontanelle  sinks  in,  an  ini 
tion  that  the  intracranial  jnessure  is  reduced.  Obser\'atk 
with  the  plcthysmof^raph  have  shown  that  tlie  arm  swells 
sleep,  and  shrinks  when  the  sleeper  awakes,  or  even  when 
subjected  to  sensory  stimuli  not  sufficient  to  arouse  him- 
a  tune  played  by  a  musical-box  (Howell).  The  tone  of 
vaso-motor  centre  is  therefore  diminished,  and  the  arterial 
sure  falls  during  sleep.  But  a  fall  of  general  arterial  pi 
is  usually  accompanied  by  a  diminution  o(  the  quantity 
blood  passing  through  the  brain.  So  that  the  balance  of  evidi 
is  decidedly  in  favour  of  the  view  that  sleep  is  associated 
certain  degree  of  cerebral  antvtnia. 

As  to  the  nature  of  the  relation  between  the  two  conditio 
it  has  been  suggested  that  the  an?emia  is  produced  by  fatigue  of 
the  vaso-motor  centre,  which  causes  it  to  relax  its  grip  upon 
peripheral  bloodvessels,  and  that  the  condition  of  the  coi 
nerve-cells  which  we  call  sleep  is  directly  produced  by  the 
of  blood.  But  there  does  not  appear  to  be  any  good  reason 
for  believing  that  the  vaso-motor  centre  is  more  susceptible  of 
fatigue  than  the  higher  cerebral  centres.  On  the  contrary, 
is  probable  that  the  bulbar  centres  are  less  delicately  organij 
and  more  resistant  tlian  the  higher  centres.  In  any  case, 
the  cerebral  nerve-cells  *  go  to  sleep  '  because  their  bIood-su[ 
is  diminished,  ought  we  not  to  look  for  a  similar  cause 
dimini=ihed  activity  of  the  vaso-motor  centre  ?  Or  if  the  ansi 
is  made  t!iat  the  activity  of  the  vaso-motor  cells  is  direci 
lessened  by  fatigue,  or  by  the  cessation  of  external  stunuli, 
should  not  this  be  the  case  also  for  the  cortical  cells  ?  It 
be  shown  by  means  of  the  sphygmometer  (p.  92)  that  the 
of  arterial  pressure  is  not  essentially  connected  with  sleep, 
is  produceti  by  the  bodily  rest  and  warmth  which  accomp; 
it.  Further,  even  a  great  diminution  in  the  supply  of  bh 
going  to  the  brain  is  not  necessarily  followed  by  sleep, 
example,  both  carotids  and  both  vertebral  arteries  may 
quently  be  tied  in  dogs  at  the  same  time  without  prodi 
any  symptoms,  the  anastomosis  of  the  superior  intercosi 
arteries  with  the  anterior  spinal  artery  providing  a  sul 


>n  ^U 
>rti^| 
e  lacP 


THE  CENTRAL  NERVOUS  SYSTEM 


7f*9 


channel  for  the  blood  absolutely  required  by  the  brain. 
Monkeys  after  ligation  of  both  carotids  may  be  most  alert  and 
active.  To  produce  sopor  in  animals  the  cortical  circulation 
must  be  reduced  almost  to  the  vanishing-point,  and  to  a  far 
greater  degree  than  ever  occurs  in  sleep  (Hill).  We  must, 
therefore,  conclude  that  although  sleep  is  normally  associated 
with  some  antrmia  of  iht'  braiit,  it  is  tiot  directly  caused  by  it.  The 
cortical  centres  go  to  sleep  because  they  are  '  tired/  or  because 
the  stimuli  which  usually  excite  them  have  ceased,  and  not 
because  their  blood-supply  i^  diminished. 

(3)  The  idea  that  the  dendrites  are  contractile,  and  by  pulling 
themselves  in,  and  thus  breakuig  certain  nervous  chains,  cause 
sleep,  still  remains  a  nieu-  tht-ory,  unsup|>orted  by  any  real 
evidence.  The  same  is  true  of  the  notion  that  the  fibrils  of  the 
neurogha  insinuate  themselves  into  the  '  joints,'  by  which  cme 
neuron  romes  into  rtmtact  with  another,  and  acting  as  insulating 
material,  block  the  nerve-impulses. 

In  general,  the  depth  of  sleeps  as  measured  by  the  intensity  of 
soimd  needed  to  awaken  the  sleeper,  increases  rapidly  in  the  first 
hour,  falls  abruptly  in  the  second,  and  then  slowly  creeps  down  lo 
its  minimum,  which  it  reaches  just  before  the  person  awakens.  As 
to  the  amount  of  sleep  required,  no  precise  rules  can  be  laid  dou'n. 
It  varies  with  a^e.  (Kcupation,  and  perhaps  cUmate,  An  infant , 
whose  main  business  is  to  grow,  spends,  or  ought  to  sjx'nd.  if  mothers 
were  wise  and  feeding-bottles  clean,  the  greater  part  of  its  time  m 
sleep.  The  man,  whose  main  business  it  is  to  work  with  his  hands 
or  brain,  retjuires  his  full  tale  ol  eight  hours'  sleep,  but  not  usually 
more.  The  dry  and  exhilarating  air  ol  some  of  the  inland  portions 
of  North  America,  and  perha|>s  the  plains  of  Victoria  and  New 
South  Wales,  incites,  and  possibly  enables  a  new-comer  to  live  for 
a  considerable  period  with  less  than  his  ordinary  amount  of  sleep. 
Idiosyncrasy,  and  perhaps  to  a  still  greater  extent  habit.  Iiavc  also 
a  marked  influence.  The  great  Napcileon,  in  his  heyday,  never 
slept  more  than  four  or  five  hours  in  the  twenty-four.  Five  or  six 
hours  or  less  was  the  usual  allowance  of  Frederick  of  Prussia  through- 
out the  ^re^iter  ]K\rt  of  his  long  and  active  life. 

Hypnosis  is  a  condition  in  some  respects  alUed  to  natural  slumber  : 
but  instead  of  the  activity  of  the  whole  brain — or  perhaps  we  should 
rather  say,  the  whole  activity  of  the  brain — being  in  aocyance,  the 
susccptibUity  to  external  impressions  remains  as  great  as  in  waking 
life,  or  may  be  even  increased,  while  the  critical  faculty,  which 
normally  sits  in  judgment  on  them,  is  lulled  to  sleep.  The  con- 
dition can  be  induced  in  many  ways — by  asking  the  subject  to  look 
fixedly  at  a  bright  object,  by  cU)sing  his  eyes,  by  occupying  his 
attention,  by  a  sudden  loud  sound  or  a  flash  of  light,  etc.  The 
essential  confhtiun  is  that  the  ]x;rson  should  have  the  idea  of  going 
to  sleep,  and  that  he  should  surrender  his  uill  to  the  operator.  In 
the  hypnotic  condition  the  subject  is  extremely  open  to  suggestions 
made  by  the  operator  with  wlw)m  he  is  en  rapport.  He  adopts  and 
acts   upon   them   without   criticism.      T'  *he   hvpno- 

tizcr  raises  the  subject's  arm  StXa  ^t  he 

4:annot  bnng  it  down  again,  it  g 
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time  without  any  appearance  ol  fatigue  :  or  the  whole  body  was 
thrown,  on  a  mere  hint»  into  some  unnatural  pose  in  which  it 
rigid  as  a  statue.  Suggested  hemiplegia  or  hernia naesth«sa.  ff 
paralysis  of  motion  and  sensation  together  or  apart  in  Umited  iXOi. 
can  also  be  realized  :  and  surgical  oi>erations  have  been  aciuiHr 
performed  on  hypnotized  persons  without  any  appearance  ■' 
suffering.  If,  on  the  other  hand,  the  operator  suggests  that  ik 
subject  is  undergoing  intense  pain,  he  u-ill  instantly-  taJce  his  cw. 
MTithing  his  body,  pressing  his  hands  upon  his  head'  or  bre»st.  as£ 
in  all  respects  behaving  as  if  the  suggestion  were  in  accord  with  tJ* 
facts.  It  he  is  told  that  he  is  blind  or  deaf,  he  will  act  as  if  th« 
were  the  case.  If  it  is  suggested  Uiat  a  person  actually  prrsent  n 
in  Timbuctoo,  the  subject  will  entirely  ignore  him,  will  leave  hin: 
out  if  told  to  count  the  persons  in  the  room,  or  try  to  walk  throuj^i. 
him  if  asked  to  move  in  that  direction.  What  is  even  more  curio^i 
is  that  the  organic  functions  of  the  body  are  also  liable  to  l>e 
ftucnced  by  suggestion.  A  postage-stamp  was  placed  on  the 
of  a  hypnotized  person,  and  it  was  suggested  that  it  would  raise- 
blister.  Next  day  a  bUster  w-as  actually  found  beneath  Jt. 
letter  K,  embroidered  on  a  piece  of  clotli.  was  suggested  to  be  rol- 
hot.  The  left  shoulder  was  then  '  branded  '  with  it.  and  on  Or 
right  shoulder  appeared  a  facsimile  of  the  K  as  if  burnt  with  a  b< 
iron.  The  secretions  can  be  increased  or  diminished,  subcutanKtui 
lia'morrhages,  veritable  stigmata,*  can  be  caused,  and  many  of  the 
'  miracles  '  of  Lourdes  and  other  shrines,  ancient  and  model 
repeated  or  surpassed  by  the  aid  of  hypnotic  suggestion,  H^ 
notism  has  also  been  practicallv  employed  in  the  tre^atracnt 
various  diseases,  and  particularfy  in  functional  derangemcuts 
the  nervous  sj'stcm.  But  care  and  judgment  are  necc-ssar>-  on 
part  of  the  operator,  and  although  as  a  rule  there  is  no  diffici 
m  putting  an  end  to  the  condition  by  a  suitable  suggestion,  it 
said  that  in  rare  instances  grave  mischances  have  occurred.  Thrrr 
seems  to  be  no  ground  for  the  opinion  that  women  are  more  casdy 
hypnotized   than   men.     Out   of   more  than   a   thousand  ~ 

Licbault  found  only  seventeen  absolutely  refractory- 
Relation  of  Size  of  Brain  to  Intelligence. — While  it  is 
case  that  some  men  of  great  ability  have  had  remarkably  heai 
and  richly  convoluted  brains,  it  would  seem  that   in   gem 
neither  great  size  nor  any  other  obvious  anatomical  i>eruharil 
of    the    cerebrum    is    constantly    associated    with    exceptioi 
intellectua]  power.     In  the  animal  kingdom  as  a  whole,  tlicre 
undoubtedly  some  relation  between  the  status  of  a  group 
the  average  brain  development  within  the  group.     But 
this  is  a  relation  which  is  complicated  by  other  circiunstan* 
than  the  mere  degree  of  intelligence  is  sufficiently  sho\\7i  by 
fact   that  a  mouse  has  more  brain,   in  proportion  to  its  su 
than  a  man,  and  thirteen  times  more  than  a  hoi-se  :  while  hot 

•   I.e.,  bleeding  spots  on  the  skin  generally  correapondinp  to  thr  vixmi 
nf  Christ.      In  the  well-knowu  case  of  I.auis«  l.atour.  whicb  p-v.it, 
interest  in  France  in   1868.  Misters  first  apprarc*!  ;  they 
there  was  bleeding  from  the  true  skin.     The  prolKible  expl 
she  concentrated  her  attention  on  these  parts  of  her  body  ami  a*.*  mi 
them,  perhaps  by  cansing  congestion  through  the  vaso-motor  ctul 
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in  the  rabbit  and  sheep  the  ratio  of  brain-weight  to  body- 
reight  is  nearly  twice  as  great  as  in  the  horse,  in  the  dog  only 
lH  as  great  as  in  the  cat.  and  not  very  much  more  than  in 
the  donkey.  The  following  tables,  too,  which  illustrate  the 
weight  of  the  brain  in  man  at  different  ages,  show  that,  although 
we  might  give  '  the  infant  phenomenon  '  an  anatomical  basis, 
we  should  greatly  overrate  the  intellectual  acuteness  of  the 
average  baby  if  ^'^  were  to  measure  it  by  the  ratio  of  brain  to 
body-weight  alone. 


Age. 

Brain- weight. 

Age. 

Rra'in«rett(hi. 

I  year 

885  grm. 

8  yc:! 

rs 

..     1,04s  grm. 

2  years 

yoy    .. 

10  '    ,. 

..     1.315     .. 

3       .. 

1,071    ., 

It 

..     1,168     „ 

4       .. 

i.oyg     .. 

12 

..     1.286    ,. 

5       .. 

1.033     " 

13 

..     1.505     .. 

6       .. 

1,147     0 

14       .. 

..     1.336    .. 

7       .. 

1,201     „ 

t5       -, 

1.414     .t 

— BiSCHOFF. 

Bnutiw«i|tbc— 

Brauiweiglii- 

Bri 

in-weight            Braia-weighi  — 

Age                   Men. 

Wonicn. 

Age. 

Men.                        Woii>rn. 

lO-iQ  ..  1,411  grm. 

.  1,2 19  grm. 

50-59. 

I 

»3SyK»'".  •  •  1.239  grm 

20-29..  1.419     .^ 

.    1.260      „ 

60-69. 

1 

.292    „    . .  1,219    .• 

30-39..  1.424      . 

.    1.272       ., 

70-79. 

I 

.254    ..    ..  1.129    .. 

40-49  ..  1.406     .. 

.    1.272       „ 

80-90. 

1 

.303     .,     ..      8yR     .. 

—  HUSCHKE. 

In.  some  small  birds  the  ratio  is  as  high  as  i  :  12,  in  large 
birds  as  low  as  i  :  1,200  ;  in  certain  fishes  a  gramme  of  brain 
has  to  serve  for  over  5  kilos  of  body.  As  a  rule,  especially 
within  a  given  species,  the  brain  is  proportionally  of  greater 
si2e  in  small  than  in  large  animals.  It  is  to  be  supposed  that 
quality  as  well  as  quantity  of  brain  sul>stance  is  a  potent  factor 
in  determining  the  degrree  of  mental  capacity.  Such  investiga- 
tions as  those  of  Berkley,  who  states  that  he  has  made  out  in  a 
case  of  dementia  in  a  man  addicted  to  alcohol  and  opium, 
changes  in  the  dendrites  of  pyramidal  cells  in  the  cerebral  cortex 
(fliminution  in  their  diameter,  and  in  the  number  of  gemmules 
and  branches),  are  of  interest  in  this  connection. 

The  Cerebral  Circulation. — The  arrangement  of  the  cerebrel 
bloodvessels  has  certain  peculiarities  which  it  is  of  importance  to 
remember  in  connection  u-ith  the  study  of  the  diseases  of  the  brain, 
many  of  wliich  arc  caused  by  lesions  in  the  vascular  s>-stcm — hemor- 
rhage or  embolism.  Four  great  arterial  trunks  carry  blood  to  the 
brain,  two  internal  carotids  and  two  vertcbrals.  Yhe  vertebrals 
unite  at  the  base  of  the  skull  to  form  the  single  mesial  basilar  artery. 
which,  running  forward  m  a  gnxivc  in  the  occipital  bone,  splits  into 
the  two  posterior  cerebral  artcncs.  luich  carotid,  passing  in 
through  the  carotid  foramen,  divides  into  a  middle  and  an  anterior 
cerebral  artery  ;  the  Litter  runs  forward  in  the  great  longitudinal 
fissure,  the  former  hes  in  the  fissure  of  Sylvius.  A  communicating 
branch  joins  tlie  middle  -*  '»^ebraLs  on  oiich  side,  and  a 

short  loop  conncc»-  s  in  front.     In  this 
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way  a  hexagon  is  formed  at  the  base  of  the  brain,  the  so-called 
circle  of  WiUis.  Wlnle  the  anastomosis  l>elween  the  large  arteries 
ia  thus  very  free,  the  opposite  is  trnc  of  their  branches.  All  the 
arteries  in  the  substance  of  Ihe  braiu  and  cord  are  '  cnd-artcncs  ' 
— that  is  to  say,  each  terminates  within  its  area  of  distribution 
without  sending  any  communicating  branches  to  make  junc 
with  its  neighbours.  The  consequence  of  these  two  anatora 
facts  is:  (i)  that  interference  with  the  blood-supply  oi  the  b 
between  the  heart  and  the  circle  of  Willis  does  not  readily  prodi 
symptoms  of  cerebral  anaemia:  (2)  that  the  blocking  of  any  o< 
arteries  which  arise  from  the  circle  or  any  of  tlieir  branches  I 
to  destruction  of  the  area  supphed  by  it.  Nearly  all  dogs  reco 
after  ligation  in  one  operation  of  both  carotids  and  both  \^rtebral 
arteries.  In  monkeys  both  carotids  may.  as  a  rule,  be  sifelv  Iilh!. 
and  one  carotid  in  man.  If,  in  addition  to  the  two  carotids,  one 
vertebral  be  Ugated  at  the  same  time  in  the  monkey,  sojx»r  results, 
and  this  is  generally  followed  by  extensor  rigidity',  coma,  and  death 
in  twenty-four  hours.  In  one  case  a  monkey  survived  this  tripir 
ligation,  but  became  demented.  The  motor  paralysis  and  ir  '  ' 
were  much  greater  than  in  the  dog.  In  the  condition  of  ] 
ansmia  the  cortex  is  more  excitable  than  normal,  but  the  exat- 
ability  disappears  at  once  when  the  anaemia  is  rendered  complete 
(Hill). 

The  basal  ganglia  are  fed  by  twigs  from  the  circle  of  WiUis 
the  beginning  of  the  ]x>sterior,  middle,  and  anterior  cerebral  arte 
Of  these  the  most  important  arc  the  lenticulo-striate  and  Icntic 
optic  branches  of  the  middle  cerebral,  which  arc  given  oH  near 
orij»in.  and  run  through  the  lenticular  nucleus  into  the  internal 
capsidc.  and  thence  to  the  caudate  nucleus  and  optjc  thalam: 
respectively.  The  chief  part  ot  the  blood  from  the  circle  of  \V 
is  carried  by  the  three  great  cerebral  arteries  over  the  cortex  of 
brain.  The  white  matter,  with  the  exception  of  that  in  the  im 
diate  neighbourhood  of  the  basal  ganglia,  is  nourished  by  strai 
arteries  which  penetrate  the  cortex.  The  middle  cerebral  supd 
the  whole  of  tlie  parietal  as  well  as  that  portion  of  the  frontal  I 
whicli  lies  immediately  in  front  of  the  fissure  of  Rolando  and  the 
upper  part  of  the  temporal  lobe.  The  rest  of  the  frontal  lobe  is 
supplied  by  the  anterior  cerebral,  and  the  occipital  lobe,  with  the 
lower  part  of  the  temporal  lobe,  by  the  posterior  cerebraL  The 
medulla  oblongata,  cerebellum,  and  jwns  are  ted  from  the  wr- 
tebrals  and  the  basilar  artcrv*  before  the  circle  of  Willis  h;is  been 
formed. 

Chemistry  of  Nervous  Activity. — Of  this  we  are  practice 
ignorant.    The  composition  of  the  solids  of  the  grey  and  white 
matter  of  the  brain  of  the  ox  is  exhibited  in  the  following  tal 
(Petrowsky)  : 
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The  grey  matter  of  the  cerebrum  in  tlie  adult  contains  Si  to 
86  |)er  cent,  of  water,  the  white  matter  68  to  72  per  cent.,  the 
brain  as  a  whole  81  per  cent.,  the  spinal  cord  68  to  76  per  cent., 
and  the  peripheral  nerves  57  to  64  per  cent.  In  the  foetus 
more  water  is  present  {^z  per  cent,  in  the  grey  and  87  per  cent. 
in  the  white  matter). 

The  superior  richness  of  the  grey  matter  in  proteids  and  the 
preponderance  of  water  in  it,  are  the  chief  chemical  ]>ecuUarities 
which  distinguish  it  from  the  white  matter.  That  it  should 
have  a  high  proteid  content  is  easily  understood,  for  the  proto- 
plasmic structures,  the  nerve-cells,  are  situated  in  the  grey 
matter.  But  that  the  most  im|>ortant  functions  should  have 
their  scat  in  a  tissue  containing  only  14  to  ig  per  cent,  of  solids 
is  surprising,  and  should  warn  us  that  the  water  is  no  less 
significant  a  constituent  of  living  matter  than  the  solids,  and 
that  it  is  not  the  mass  of  the  solid  substances  in  a  tissue  which 
is  the  essential  thing,  but  the  whole  colloid  complex,  which 
cannot  l>c  constituted  without  the  water. 

F'resh  nervous  tissues  are  alkaline  to  litmus,  but  become 
acid  soon  after  death.  No  change  of  reaction  has  been  detected 
during  activity.  For  instance,  the  splenic  ner\*es  of  the  dog, 
which  consist  mainly  of  non-medullated  fibres,  did  not  become 
acid  even  after  stimulation  with  an  interrupted  current  for  sLx 
hours. 

That  oxygen  is  used  up  during  cerebral  activity  is  certain. 
and  when  the  brain  is  coloured  with  methylene  blue,  by  injecting 
it  into  the  circulation,  any  spot  of  it  which  is  stimulated  loses 
the  blue  colour,  the  pigment  being  reduced.  But  if  the  animal 
is  so  deejily  narcotized  that  it  does  not  respond  to  stimulation, 
the  change  of  colour  does  not  occur. 

Cholin,  a  substance  which  can  l"»e  derived  from  lecithin,  the 
chief  constituent  ot  protagon,  is  believed  to  represent  one  of  the 
waste  products  of  nervous  activity.  Traces  of  it  are  present  in 
normal  cerebro-spinal  fluid,  and  in  certain  diseased  conditions 
of  the  brain,  as  in  general  paralysis,  the  quantity  is  notably 
increased. 

Cerebro-spinal  Fluid. — ^The  cerebro-spinal  fluid,  which  fdls 
the  ventricles  of  the  brain  and  the  centra!  canal  of  the  cord,  is 
continuous  with  that  contained  in  the  subarachnoid  space 
through  the  foramen  of  Magendic,  an  o|>ening  in  the  piece  of 
pia  mater  that  helps  to  roof  in  the  fourth  ventricle.  1 1  is  secreted 
in  part  by  the  cubical  cells  covering  the  choroid  plexus,  a  fold  of 
pia  mater  which  projects  into  each  '  '  ^'  i  ide.  It  is  a 
thin  watery  fluid,  faintly  alkaline  in  r.  uus.  and  with 

a  s|>ecitic  gravity  of  about  uyo.  ordinary 

salts,  but  more  |x>lassium  I  lids  ; 
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a  very  small  amount  of  proteids  (usually  about  O'l  per 
and  a  little  glucose  (Nawratzki).  Its  composition  is  en 
different  from  that  of  ordinar>*  l>*raph. 

The  depression  of  the  freezing-point  (A)  usually  lies 
—  O'Uif  and  o'b^^  C.  In  a  case  of  hydrocephalus  it  was  — 0*56*| 
Normally,  cerebro-spinal  fluid  is  somewhat  hypertonic  to 
blood-serum.  In  injury  of  the  cribriform  plate  of  the  eihaod 
bone  and  also  in  some  cases  where  there  is  no  traumatic  iiijorr. 
the  fluid  escap>es  from  the  nose,  and  the  rate  of  its  forroation 
can  thus  be  ascertained.  In  one  case  it  was  found  to  be  as  mofi 
as  2  c,c.  to  nearly  4  c.c.  in  ten  minutes. 


PRACTICAL  EXERCISES  ON  CHAPTER  XU, 

1.  Section  and  Stimulation  of  the  Spinal  Nerve-roots  in  the  Frof 
— («)  Select  a  laiye  Irog  (a  bull-frog,  if  possible).  f*ith  the  brsir. 
Fasten  the  frog,  belly  down,  on  a  plate  of  cork.      Make  an  ^ 

in  the  middle  line  over  the  spinous  processes  of  the  lowvsi 
or  four  vertebra?,  separate  the  mtisclcs  from  the  vertebral  Atthc^. 
and  with  strong  scissors  open  the  spinal  canal,  taking  care  not  to 
injure  the  cord  by  passing  the  blade  of  the  scissors  too  dioeph. 
Extend  the  opening  upwards  till  two  or  three  i>osterior  roots  co» 
into  \'iew.  Pass  fine  silk  ligatures  under  two  of  them,  tie,  aad 
divide  one  root  central  to  the  hgaturc,  the  other  peripheral  to  it 
Stimulate  the  central  end,  and  reflex  movements  will  occur.  Stimu 
late  the  peripheral  end  :  no  effect  is  produced.  Now  cut  awav  l^ 
exposed  posterior  roots  and  isnlate  and  ligature  t^vo  of  the  ante 
roots,  which  are  smaller  than  the  posterior.  Stimulate  the  central 
of  one:  there  is  no  effect.  Stimulation  of  the  peripheral 
the  other  causes  contractions  of  the  corresponding  muscles. 

[b)  Stimulation  of  the  roots  may  be  repeated  on  the  m 
using   the  dog  employed    for  Ihe  experiment  on  the  motor  areas 
tP-  777)-     Place  the  animal,  belly  dowTi,  and  insert  a  good-sired  blodL 
of  wood  between  it  and  the  board  at  the  level  of  the  lumbar  vcrte 
of  the  spine.    Divide  the  skin  and  muscles  on  either  side  of  this  re 
till  the  laminse  of   the  vertebrae  are  exjx>sed.     Snip   through  I 
wnth  strong  forceps,  and  ojien  the  spinal  catial,  exposing  a  length 
cord  corresponding  to  three  or  four  vertebrae.     Ligate  and  stimuJatP 
the  roots  as  in  {a). 

2.  Reflex  Action  in  the  '  Spinal  '  Frog. — Pith  the  brain  of  a 
destroying  it  down  to  the  posterior  tliird  of  the  medulla  oblonga 
(i)  Note  the  }x»sition  of  the  limbs  immediately  after  the  operatii 
and   again   thirty    to    forty    minutes   later.     Its    hind-legs 
tone,  and  are  drawn  up  againsit  the  tlauks.     The  anim^  can  s' 
execute   certain   co-ordinated    movements — r.^.,    pulling    a^*av 
leg  if  a  toe  is  pinched.     The  power  of  maintaining  equiJ'^r"^"- 
lost.     If  placed  on  its  back,  it  lies  there.     When  thrown  : 
it  sinks  usually  without  any  attempt  at  swimminp.     \_: ... 
following    facts,  using  mechanical  stimulation  (pincliing    the    I 
or  skin  of  the  leg) :  (a)  If  the  stimulus  provokes  muscular 
ments  only  on  one  side  of  the  body,  this  is  usually  on  the  sanir 
as   the   stimulated   point,     {b)    Wlien   the   stimulus   causes   rr 
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movements  on  both  sides  of  the  body,  the  stronger  contractions 
are  on  the  side  to  which  the  stimulus  was  applied. 

Determine  whether  it  is  easier  to  obtain  movement  of  a  portion 
of  the  body  innervated  from  a  region  of  the  cord  above  the  level 
of  the  stimulated  nerves  or  below  that  level. 

{2)  With  e/eciricai  stimuli  {using  a  coil  arranged  for  single  shocks) 
determine  whether  reflex  movements  are  elicited  by  a  single  induced 
shock  applied  to  the  skin.  Venfy  the  fact  that  a  serit»s  of  shocks  is 
more  efficient,  the  effects  of  the  separate  stimuli  being  summated 
in  the  reflex  centres. 

(3)  To  test  the  efifect  of  thermai  stimuli,  dip  the  leg  into  a  beaker  of 
warm  water.  Vary  the  temperature  of  tlic  water,  using  a  scries  of 
beakers  with  water  at  lo**  C,  20°  C,  etc.,  above  the  temperature  of 
the  room.  Place  the  leg  for  a  moment  in  each,  and  determine 
which  is  the  most  efficient  stimulus.  Immediately  on  withchrawing 
the  leg  from  each  of  the  hot-water  beakers  immerse  it  in  a  beaker 
of  water  at  room  temperature.  Finally,  dip  the  leg  into  a  beaker 
of  cold  water,  and  heat  it  gradually  to  a  temperature  at  which  a 
reflex  was  previously  obtained.  Probably  it  will  not  be  elicited 
by  the  gradual  warming. 

{4)  'Purposive  '  Movements. — Touch  the  skin  of  one  thigh  with 
blotting-paper  soaked  in  strong  acetic  acid.  The  leg  is  drawn  up, 
and  the  toot  moved  as  if  to  get  rid  of  the  irritant.  If  the  leg  is 
held,  the  other  is  brought  into  action.  Immerse  the  frog  in  water 
to  wash  away  the  acid. 

3.  Reflex  Time. — Pass  a  hook  through  the  jaws.  Holding  the 
frog  by  the  hook,  dip  one  leg  into  a  dilute  solution  of  sulphuric 
acid  (o'2  to  ci'5  per  cent.),  and  note  with  the  stop-watch  the  interval 
wliich  elapses  before  the  frog  drau-s  up  its  leg  (Turck's  method  of 
determining  the  reflex  time).     Wash  the  acid  off  with  water. 

Determine  how  the  reflex  time  varies  with  the  strength  of  the 
stimuhis.  This  can  be  done  by  using  various  strengths  of  acid. 
The  reflex  time  will  be  shorter  the  stronger  the  stimulus  up  to  a 
certain  point.  Compare  the  reflex  time  of  movements  on  the  same 
side  of  the  body  as  the  point  of  application  of  the  stimuhis  and  on 
the  oii]xisitc  side. 

4.  Inhibition  of  the  Reflexes.--(i )  Destroy  the  cerebrum  of  a 
frog.  Dip  one  leg  into  ddute  sulphuric  acid  as  in  3,  and  estimate 
the  reflex  time.  Then  apply  a  crystal  of  common  salt  to  the 
upper  part  of  the  spinal  cord.  If  the  opemng  made  for  pithing 
the  frog  is  not  large  enough  to  enable  the  cord  to  be  clearly  seen, 
enlarge  it.  Again  dip  the  leg  in  the  dilute  acid.  It  will  either  not 
be  drawn  up  at  all»  or  the  interval  will  be  distinctly  longer  than 
before. 

{2)  Rxpose  the  \iscera.  including  the  heart,  taking  care  not  to 
injure  the  cardiac  nerves.  Tap  tnc  intestines  sharply  with  the 
handle  of  a  scal(x;l  many  times  in  succession.  The  fieart  is  in- 
hibited. 

(3)  Tie  strings  lightly  around  both  fore-legs  of  a  normal  frog. 
Place  tlie  animal  on  its  back  ;  it  does  not  turn  over.  The  hind- 
legs  may  be  pulled  about  in  various  wa\-s  without  the  frog  turning 
over  into  its  normal  position.  The  reactions  concerned  in  the 
maintenance  of  equilibrium  are  inlubited.  Remove  the  strings 
The  animal  cannot  be  made  to  lie  on  its  b;ick  except  by  force. 

5.  Spinal  Cord  and  MustuIaf  Tonu.s.  -Destroy  the  brain  of  a  frog. 
Isolate  the  uastrocn  •he  bone  below  tlie  knee. 
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Isolate  the  scUtic  nerve  without  injuring  it.  Remove  the  muscksinn 
the  femur,  cut  the  bone,  and  fix  it  in  a  clamp  for  ^aphic  reconlni?. 
Connect  the  tendon  >\ith  a  lever,  weighted  UTth  5  to  10  grammn. 
Take  a  base  line.  Destroy  the  spinal  cord,  or  cut  the  sciatic  aoi 
again  take  a  base  hne.     The  length  of  the  muscle  is  slightly  altered. 

6.  Spinal  Cord  and  Tonus  of  the  Bloodvessels. — Oestroy  the  bma 
nf  a  frof,'.     Arrange  the  web  of  tlie  foot  on  the   stage   of  a  micro- 
scope, and  note  the  calibre  of  the  bloodvessels  in  the  field, 
the  cord,  and  observe  the  cliange  in  their  calibre.      They  will 

7.  Action  of  Strychnia. —Pith  a  frog  {brain   only).      Inject  int 
one  of  the  lympli-sacs  three  or  four  drow  of 
a  0*1   per  cent,  solution  of  strychnia.     In  a 
few  nunutcs  general  spasms  come  on.  wkud 
have   intermissions,  but   are    excited   bv  the 
slightest  stimulus.     The  extensor  mus' ' 
the  trunk   and   limbs   overcome   the   l!'^ 
Destroy  the  spinal  cord  ;   the  spasms  ac  liocr 
cease,  and  cannot  again  be  excited. 

S.  Excision  of  Cerebral  Hemispheres  to 
Frog  (Fig.  524).  — Anesthetize   a    frog  hgJi( 
by  putting  it  under  a  l)eU-jar  or  tumbler 
a  small  piece  of  cotton-wool  soaked  in  ctlfc 
Put  very  little  ether  on  the  cotton,  and  \cM 
the  frog   only  a  vcr\-  short    time    under 
bell-jar.     Then,  holcfing  it  iu   a  cloth,  m- 
an  incision  Ihrou^'li  the  skin   over   the  si 
in   the   mesial  Une.     With  scissors   open 
cranium  about  the  position  of  a  line  drui 
at  a  tangent  to  the  posterior  borders  of 
two  t>Tnpanic  membranes.     Remove  the  t< 
of  the  skull  in  front  ot  this  line  with  forcn 
scoop  out  the  cerebral  hcmisphert-s,  and 
up  the  wound.     As  soon  as  the  animal 
recovered    from    the   ether,    the    phenoni< 
described  at  p.  739  should  be  verified,  _ 

frog  wil]  swim  when  throwTi  into  water,  will 
refuse  to  lie  on  its  back,  and  w-iJI  not  fall  il 
the  board  on  wliich  it  lies  be  gradu; 
slanted.  Let  the  (rog  live  for  a  dav,  keepii 
it  in  a  moist  atmosphere  ;  then  expose 
brain  again,  determine  the  reflex  time 
Turck's  method  :  apply  a  crystal  of  comi 
salt  to  the  optic  lobes,  and  repeat 
obscr\'ation.  The  reflex  movements  will 
completely  inhibited  or  delayed.  Kem< 
the  salt,  \vash  \sith  physiological  salt  sotutK 
excise  the  optic  lobes,  and  see  whetlier  the  frog  vai\  now  swim. 

9.  Excision  of  the  Cerebral   Hemispheres  in  a  Pigeon.— Feed 
pigeon  for  two  or  three  days  on  dry  food,  etherize  it  by  holdii 
a  piece  of  cotton-wool  sprinkled  with  ether  over  its  beak,  or  inji 
into   the    rectum    \    gramme   chloral    hydrate.     The    pigeon 
wrapped  up  in  a  cloth,  and  the  head  held  steady  by  an  assist 
the  feathers  are  clipped  oH  the  head,  an  incision  made  in  ibe 

Une  through  the  skin,  and  the  flaps  reflected  so  as  to  cxi      ^ 

skull.     Cut  through  the  bones  with  scissors,  and  make  a  sunicient 
large  opening  to  bring  the  cerebral  hemispheres  into  view.     Thcv 


I'ic.     3:4. — Brain      of 

I''ROr,  (APTEli 

Steiner). 

a,  cerebral  hemi- 
spberes ;  h,  position  of 
optic  tbalami ;  r.  optic 
lobes  ;  rf,  cerebcUum  ; 
c,  mcdtilla  oblongata  ; 
A,  upper  end  of  spinal 
cord. 
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now  rapidly  divided  from  the  corpora  bigcmina  and  lifted  out  with 
the  handle  of  a  scalijcl.  The  bleeding  is  very  free,  but  may  be 
partially  cuntrolled  bv  stuffing  the  cavity  witli  the  vegetable  fibre 
known  as  I'cngavar  bjambi.  which  should  be  removed  in  a  few 
minutes,  the  wound  clean&ed  with  iodoform  gauze  wTung  out  of 
physiological  salt  solution  at  50°  C.  and  sewed  up.  Study  the 
phenomena  described  on  p.   740. 

10.  Stimulation  of  the  Motor  Areas  in  the  Dog. — («)  Study  a 
hardened  brain  of  a  dog,  noting  esjiecially  the  crucial  sulcus  (Fig.  31 1, 
p.  742)  the  cnnvniutions  in  rckitiott  to  it,  and  the  areas  mapped  out 
around  it  by  Hitzig  and  Fritsch  and  others,  (b)  Inject  morphia  under 
the  skin  of  a  dog.  Set  up  an  induction-coil  arranged  lor  tetanus, 
^\'ith  a  single  Daniell  in  the  primarv-  circuit.  Connect  a  pair  of 
line  but  not  sharp-pointed  electrodes  through  a  short-circuiting  key 
with  tlie  secondant\  Fasten  the  dog  on  the  holder,  belly  down, 
and  put  a  large  pad  under  the  neck  to  support  the  head.  Chp  the 
hair  over  the  scalp.  Keel  for  the  condyles  of  the  lower  jaw,  and 
join  them  by  a  string  across  the  top  of  the  head.  Connect  the 
outer  canthi  of  the  eyes  by  annther  thread.  The  crucial  sulcus 
lies  a  Uttlc  behind  the  mid-point  between  these  two  lines.  Now 
give  the  dog  ether,  miike  a  mesial  incision  through  the  skin  down 
to  the  bone,  and  reflect  the  flaps  on  cither  side.  Detach  as 
much  oC  the  temporal  muscle  from  the  bone  as  is  necessary  to 
get  room  for  two  trephine  holes,  the  internal  borders  of  wliich 
must  be  not  less  than  |  inch  from  the  middle  line,  so  as  to  avoid 
woundmg  Uic  kmgitudinal  sinus.  Carefully  work  the  trephine 
through  the  skull,  taking  care  not  to  press  hea\-ily  on  it  at  the  last. 
Raise  up  the  two  pieces  of  bone  with  forceps,  connect  the  holes 
with  bone  forceps,  and  enlarge  the  opening  as  much  as  may  be 
necessary-  to  reach  all  the  motor  areas.  At  this  stage  only  enough 
ether  should  be  given  to  prevent  suflering.  Now  unbind  the  hind 
and  fore  limbs  on  the  side  op|X)site  to  that  on  which  the  brain  has 
been  exposed,  apply  blunt  electrodes  successively  to  the  areas  for 
the  fore  and  hinu  fimbs,  and  stimulate.*  Contraction  of  the  cor- 
responding groups  of  muscles  will  be  seen  if  the  narcosis  is  not  loo 
deep.  Movements  of  the  head,  neck,  and  eyeUds  may  also  be 
called  forth  by  stimulating  the  motor  areas  for  these  regions.  Stimu- 
lation in  front  of  the  crucial  sulcus  may  also  cause  great  dilatation 
of  the  pupil,  the  iris  almost  disappearing.  The  dilatation  takes 
place  most  promptly,  and  is  greatest  on  the  op^xisite  side,  but  the 
pupil  on  tlie  same  side  is  also  wdened.  E\t»n  after  section  of  both 
vago- sympathetic  nerves  in  the  neck,  a  slow  and  slight  dilatation, 
greatest  perhaps  on  the  same  side,  may  bo  caused  by  cortical 
stimulation.  Repeat  the  whole  cxiJeriment  on  the  opposite  side 
of  the  brain.  In  the  course  of  his  observations  the  student  will 
l^erhaps  have  the  opportunity  of  seeing  general  epileptiform  con- 
vulsions set  up  by  a  localized  excitation.  They  begin  m  the  group 
of  muscles  represented  in  the  portion  of  the  cortex  directly  stimu- 
lated. After  the  convulsions  have  been  sufficiently  studied,  they 
should  be  again  induced,  and  the  stimulated  motor  area  rapidly 
excised  during  their  course.  In  some  cases  this  will  be  followed 
by  immediate  cessation  of  the  spasms,  (c)  The  same  animal  can 
be  used  for  stimulation  of  the  spinal  nerve-roots,  as  described  in 
experiment   i   (p.  774). 

*  It  is  not  necessary  to  remove  the  dura  m»ter. 
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Hitherto  wc  have  been  considering  from  a  purely  objective  sUksu 
point  the  organs  that   compose   the   body,   and  their   work.     Tl 
student  has  been  assumed  to  be  in  the  little  world — the  '  microcosm 
— of  organization  which  he  has  been  studying,  but  not  of  it.     Hi 
has  listened  to  the  sounds  of  the  heart,  seen  its  contraction,  iel 
it  hardening  under  his  fingers  ;  but  we  have  not  inquired  as  to  the 
meaning  or  the  mechanism  of  this  hearing,  seeing,  and  feeling,     \Vc 
have  now  to  recognise  tliat  all  our  knowledge  of  external   things 
comes  to  us  by  the  channels  of  the  senses,  and.  like  the  light  thM 
falls  through  coloured  windows  on  the  floor  of  a  church,  is  tii 
and  i>crhaps  distorted,  in  the  act  of  reaching  us. 

The  Senses  in  General. — The  old  and  orthodox  enumeratioi 
of   '  the  fivL"  senses  *  of  sight,  hearing,  touch,  tasle,  and   smell, 
must  l)e  augmented  by  at  least  two  more,  the  senses  of  pressun 
and  temperature.     The  power  of  appreciating  the  amount  oi 
a  muscular  effort  ;  the  power  of  localizing  the  various  porlioni 
of  the  body  in  space  ;  the  sensations  of  pain,  tickling,  itchinf 
hunger,  and  thirst  ;  the  sensations  accompanying  the  generative 
act,  etc.,  have  also  been  looked  upon  by  some  as  se].>arate  seas< 
subserved  by  special  nerves  and  connected  with  definite  centres,] 
and  various  facts  support  this  view.     In  tlie  development  ol 
a  simple  sensation  ue  may  distinguish  three  stages  :  the  stimula- 
tion of  a  peripheral  end-organ,  the  propagation  of  the  impulses 
thus  set  up  along  an  afferent  nerve,  and  their  reception  andl 
elaboration  in  a  central  organ. 

We  do  not  know  in  what  manner  a  series  of  transverse  xnbrations 
in  the  ether  when  it  falls  upon  the  eye,  or  a  series  of  longitudinal 
\ibrations  in  the  air  when  it  stnkes  the  ear.  excites  a  sensation  ol 
light  or  sound.  We  can  trace  the  ray  of  light  through  the  refractive 
media  of  the  eyeball,  see  it  focussed  on  the  retina,  lead  oQ  the 
current  of  action  set  up  in  that  membrane,  which,  doubtless,  giv^es 
token  of  the  passage  of  nervous  impulses  into  and  up  the  optic  ac 
We  can  even  follow  the  nervous  impulses  to  a  definite  portion 
cortex  of  the  occipital  lobe,  and  determine  that  «' 
no  seus.ition  of  sight  will  result  from  any  exc'tatiflr 
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nerve.  And  it  is  fair  to  conclude  that  in  some  manner  this  part  of 
the  cerebral  cortex  is  essential  to  the  production  ol  visual  sensations. 
But  in  what  way  the  chemical  or  physical  processes  in  the  axis- 
cylinders  or  ner\'c-celLs  are  related  to  the  psychical  change,  the  inter* 
ruption  of  the  smooth  and  unregarded  flow  of  consciousness  which 
we  call  a  seasation  of  light,  we  do  not  know.  To  our  reasoning,  and 
even  to  our  imagination,  there  is  a  great  guU  fixed  between  ihe 
physical  stimulus  and  its  psychical  consequence  ;  they  seem  incom- 
mensurable quantities  :  the  transition  from  light  to  sensation  of  light 
is  certain,  but  unthinkable. 

Each  kind  of  peripheral  end-organ  is  peculiarly  suited  to 
res|>ond  to  a  certain  kind  of  stimulus.  The  law  of  '  adequate  * 
or  '  homologous  '  stimuli  is  an  expression  of  this  fact.  The 
'  adequate  '  stimuli  of  the  organs  of  special  sense  may  be  divided 
into  (I)  vibrations  set  up  at  a  distance  without  the  actual  con- 
tact of  the  object — €.g.,  light,  sound,  radiant  heat  ;  (i)  changes 
producetl  by  the  contact  of  the  object — e.g.,  in  the  production 
of  sensations  of  taste,  touch,  pressure,  alteration  of  temperature 
(by  conduction),  Midway  between  (I)  and  (2)  lies  the 
adequate  stimulus  of  the  olfactory  end-organs,  which  are  excited 
by  material  particles  given  off  from  the  odoriferous  lx)dy  and 
borne  by  the  air  into  the  upper  part  of  the  nostrils. 

The  end-organs  of  the  special  senses  all  agree  in  consisting  esscn- 
li;illy  of  modihed  cpiblastic  cells,  but  they  occupy  areas  by  no  means 
proportioned  to  tlieir  importance  and  to' the  amount  of  information 
we  acquire  through  them.  The  extent  of  surface  which  can  t>e 
affected  by  light  in  a  man  is  not  more  tlian  Jo  sq.  cm.  ;  the  endings 
of  both  nerves  of  hearing  taken  together  do  not  at  most  expand  to 
more  than  5  sq.  cm.  ;  the  olfactory'  portion  of  the  mucous  mem- 
brane of  the  nose  has  an  area  of  not  more  than  10  sq.  cm.  ;  the 
sensations  of  taste  are  ministered  to  by  an  area  of  less  tlian 
50  sq.  cm.  ;  the  end-organs  of  the  senses  of  pressure,  touch,  and 
temperature  are  distributed  over  a  surface  reckoned  by  square 
metres.  As  the  physiological  status  of  the  sensory  end-organs 
rises,  their  anatomical  distribution  tends  to  shrink.  The  organs  of 
comparatively  coarse  and  common  sensations  arc  widely  spread, 
intermingled  with  each  other,  and  seated  in  tissues  whose  priman,- 
function  may  not  be  senson,'  at  all.  Even  the  nerve-endings  of  the 
sense  of  taste  are  not  confined  to  one  definite  and  circumscribe 
patch,  but  scattered  over  the  tongue  and  palate  ;  and  both  tongue 
and  palate  are  at  least  as  much  concerned  in  mastication  and 
deglutition  as  in  taste.  The  olfactory  portion  of  the  nasal  mucous 
membrane,  although  a  continuous  area  with  fairlv  distinct  boun- 
daries, is  still  a  part  of  the  general  lining  of  the  nostril.  The 
epithelial  surfaces  which  minister  to  the  supreme  sensations  of  sight 
and  hearing — the  retina  and  the  sensitive  structures  of  the  cochlea — 
are  the  most  sequestered  of  all  the  sensory  areas,  as  the  organs  of 
which  they  form  a  part  are,  of  all  the  organs  of  sense,  the  most 
highly  specialized  in  function,  and  anatomically  the  most  limited. 
"^•it  although  hidden  in  protected  hollows,  they  arc  endowed,  either 
irtne  of  their  own  movements  or  of  those  of  the  head,  with  the 
of  receiving  impressions  from  every  side,  and  their  actual  size 
indefinitely  multiplied. 


Physical  Introduction.— Physically,  a  ray  of  lig:ht  is  a 

<hslurbanccs  or  \'ibrations  in  the  luminifcrous  ether,  which 
out  kot\\  a  hnninoiis  body  in  what  is  practically  a  straight  hnc     TlM 
ether  is  supposed  to  fill  all  space,  including  the  interstices  bctut^ti 
the  molecules  of  matter  and  the  atoms  of  vrliich  those  molecules  aI^ 
romposed.     Suppose  a  bar  of  iron  to  be  gradually  heated  in 
room.     In  the  cold  iron  the  molecules  are  moving  on  the  a\i 
at  a  relatively  slow  rate,  and  the  waves  set  up  in  the  ether 
vibrations  arc  comparatively  long.     Now,  the  long  ethei 
tions  do  not  excite  the  retina,  bcaiuse  it  is  only  fitted  to  r« 
the  imi>act  of  the  shorter  waves  :  and,  indeed,  the  long  wai 
l*ir>;<ly  absorbed  by  the  watcr\'  media  of  the  eye.     As  the 
tiirc  cif  the  iron  bar  is  increased,  the  molecules  begin  to 
*]iiickly.  and  waves  of  smaller  and  smaller  length,   of  gr< 
f(rruitcr  kequency.  arc  set  up.  until  at  last  s<>me  of  them  are  ji 
lo  stimulate  the  retina,  and  the  iron  begins  to  glow  a  dull  n 
the  hciitinj;  goes  on  the  molecules  move  more  quickiy  still,  ai 

addition  to  wa\'es  which  cause  

sat  ion  of  red,  shorter  waves  that  grrr^ 
the  sensation  of  yellow  ap]-»car,    I'lnaUytj 
when   a    high   temperature    has 
reached,   the  vet)'  shortest  vibral 
which  can  atTect  the  eve  at  all  mil 
with  the  medium  and  lonjj  \va\-e«^  an4, 
the  sensation  is  one  of  intense 
hght. 

We  have  said   that   a   ray    of 
travels    in   a    straight    line,    and 
direction  of  the  straight  line  docs 
change  as  long  as  the  medium  is  h< 
geneous.      But  when  a  rav  reaches 
boundary  of  the  medium  through  w 
it  is  passing,  a  pwrt  of  it  is  in  ge 
turned  back  or  reflected.     If  the 
medium  is  transparent  (water  or'^lass,  e,g,),  the  greater  p;u-t  of 
my  passes  on  through  it.  a  smaller  portion  is  reflected.     H  the  set 
mc(Uum  is  oj«uiue,  the  ray  does  not  penetrate  it  (or  any  great 
Uutce  ;  if  it  is  a  piece  of  polished  metal,  e.g.,  nearly  the  whole  of 
light  is  reflected  ;  if  it  is  a  layer  of  lampblack,  very  little  ol  the  li| 
i^  reflected,  most  of  it  is  absorbed. 

Reflection. — The  first  law  of  reflection  Is  that  the  tefiecUd  fay, 
tiiy   whirh   fulls    upon   the   reflecttvt^  surface  {iucident  ray)^    and 
tiormal  to  the  sur/ttce,  are  in  otte  piane.     The  second  law  is  that   tkt 
teflgcted  ray  ntnkes  with  the  petpendicular  [normal]  to  the    refUctt 
bttrface  the  same  angle  as  the  incident   ray.      A  corollary  to   thit 
that  a  ray  perjjendicular    to  the  surface  is  reflected  along  its 
p?.  th. 

Rcftection  from  a  Plane  Mirror. — Let  a  ray  of  light  coming  U 
the  point  P  (Fig.  ^^25)  meet  the  surface  DE  at  B.  making  an  ai 
PHA  with  the  normal  to  the  surface.      The  reflected  ray  BC 
make  an  equal  anpic  ABC  with  ihe  normal :  and  the  eye  at  C  will 
the  image  of  P  as  if  it  were  placed  at  P',  the  point  where  tlie_ 
longaton  of  BC  cuts    the  straight  hne  drawn  from  P  jxtj 
to  DE.     This  IS  the  position  of  an  ordinary'  looking-glass  ii 


naUj^j 
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Rf flection  from  a  Concave  Spherical  Mirror. — A  spherical  surface 
may  be  snpix)scd  to  be  made  up  of  an  infinite  number  of  infinitely 
small  plane  surfaces.  The  normal  to  each  of  these  plane  surfaces 
is  the  radius  of  the  sphere,  and  the  reflected  ray  makes  with  the 
radius  at  the  point  of  incidence  the  same  angle  as  the  incident  ray. 
Let  D  (Fig.  336)  be  the  middle  point  of  the  mirror,  and  C  its  centre 


Fig.  316. — Reflection  PHOii  x  Concavu 
Spherical  Mirror. 


Fii.  3^7.  —  FoHMATioN  o^  Real  In- 
VKRTBO  Image  by  a  Cokcave 
Spherical  Mirror. 


of  cur\*ature — i.e,,  the  centre  of  the  sphere  of  which  it  is  a  scgmcat. 
Then  CD  is  the  principal  axis,  and  any  other  Une  through  C  which 
cuts  the  mirror  is  a  secondan.'  axis.  When  tlic  mirror  is  a  small 
portion  of  a  sphere,  rays  parallel  to  tlie  principal  axis  are  focusscd 
at  the  prmcipal  locus  V  midway  between  C  and  D  ;  rayi  parallel  to 
any  sccondiir^'  axis  arc  focusscd  in  a  point  lyincj  on  that  axis  :  and 
rays  diverging  from 
a  point  on  any  axis 
are  locusscd  in  a  point 
on  the  same  axis. 

These  facts  afford  a 
simple  construction 
for  finding  the  posi- 
tion of  the  image  of  an 
object  formed  by  a 
concave  mirror.  Let 
AB  be  the  object 
(Fig.  327).  Then  the 
image  of  A  is  the 
point  in  which  all 
rays  proceeding  from 
A  and  falling  on  the 
mirror,  including  rays 
parallel  to  the  princi- 
pal axis,  lire  focusscd. 
But     the     ray     AE, 

parallel  to  the  principal  axis,  passes  after  reflection  through  the 
principal  focus  F,  therefore  the  image  of  A  must  lie  on  the  straight 
line  EF.  If  any  secondary  avis  ACD  be  drawn,  the  image  of  A  must 
lie  on  ACD.  It  must  therefore  be  the  point  of  intersection,  a,  of  EF 
and  ACD.  ***"»ilarlv,  the  image  of  B  must  be  the  point  of  iiterscc- 
tioa.  ''  The  miage  ab  of   an  oDject  AB  farther 


Fig.    33d. — FoRMArioN  of  Iuaqe  by  a   Lo.wex 
Mirror. 
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ipal  focus  is  real  and  inverted. 


rf)nnclpal  locus  is  reai  ana  inv 
ijctcd  from  the  concave  anterior 


from  the  mirror  than  the 

I'lirkinje-Siinson 

of  the  vitreous  liumour  (Fig.  343)  is  an  example. 

After  reflection  from  a  convex  mirror^  rays  of  bght  al\%-ays  divcTR, 
unci  only  erect,  virtual  images  arc  formed^i.*,,  images  which  do  not 
really  exist  in  space,  but  uiiich,  from  the  direction  of  the  ra%-s  of 
hght,  wc  judge  to  exist.  The  position  of  the  image  of  an  object  AB' 
(f'iR.  328)  may  be  found  by  a  construction  similar  to  that  for 
lion  from  a  concave  mirror.  The  image  of  a  flame  reflected 
the  anterior  surface  of  the  cornea  or  lens  is  erect  and  virtue. 
diminishes  in  size  with  increase  in  the  cur\'ature  or  convexity  of  ttDr' 
reflecting  surface  (Fig.  343). 

Refraction. — A  ray  of  hght  passing  from  one  medium  into  anotfvr 
has  its  velocity,  and  consecjuently  its  direction,  altered.  It  is  said  to 
be  rrfractcd.      The  (irst  hiw  of  refraction  is  that  the  refrad^  n 


^ 


r 
P                         B 

1 

1     ■} 
P' 

D 

3ii;« — KtmAcrios  at 
Si'KrACfi. 


Plane 


AB  Is  the  inridnit  :  BD,  the  retracted 
ray ;  CB.  the  normal  to  thp  &urtacc. 
WUeu  tfaeray  pa»scfi  from  air  into  another 
medium.  thereffArtive  index  of  the  Utter 
sin  a 


is  the  firaotiun 


Kil;.  330. — Rephaction  bv  a  Mkhu  »» 

BOVNOED    BV     PARALLEL      Pl^Nl^ 

P    AND    P'. 

The  ray  ABDE  issues  parallel  U 
origtaal  diiectioa  ;  CB,   FO. 
to  P  and  P' ;  ff,  anffle  of 
j9,  y,  angles  of  refiaciion- 


9in/i 


III  the  same  ptatie  as  the  incident  ray  and  the  normai  to  the 
The  second  law  is  that  the  sine  of  the  an^U  of  incidence  has  a 
ratio  (for  any  ^ven  pair  of  media)  to  the  sine  of  the  an^/e  of  refracti 
The  angle  of  incidence  is  the  angle  which  the  ray  mak«>  with 
normal  to  the  surface,  separating  the  two  media  :  the  i'ngle  of  rcl 
tion  is  the  angle  mude  >\ith  the  normal  in  the  second  medium. 
ratio  is  called  the  index  of  refraction  between  the  two  media, 
purposes  of  comparison,  the  refractive  index  of  a  substance  is  ust 
taken  as  the  ratio  of  the  sine  of  the  angle  of  incidence  to  the  sine 
the  angle  of  refraction  of  a  ray  passing  from  air  into  the  substam 

When  a  ray  strikes  ?  surface  at  right  angles,  it  passes  tlirou(_ 

wthout  suficring  refraction.  When  a  ray  passes  from  a  less  dense 
to  a  denser  medium  {^.i;.,  from  air  to  water),  it  is  bent  towards  Lbfi 
perpendicular.  WTien  it  passes  from  a  more  dense  to  a  lesa, 
medium  (;\s  from  water  to  air),  it  is  bent  awav  from  the 


dicular. 


\\ 


hen  a  ray  passes  across  a  medium  bounded  by  parallel  planes^ 
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issues  parallel  to  itself :  in  other  words,  it  undergoes  no  refraction 
(Fip.  330). 

Refraction  and  Dispersion  by  a  Prism. — Tlic  beam  of  light  is  bent 
towards  the  normal  N  as  il  passes  across  HA  and  away  from  the 
normal  N'  as  it  passes  across  IK^  (I'lg.  33 1)  ;  at  t)oth  surfaces  it  is 
bent  towards  the  base  of  the  prism  AC.  At  the  same  time  the  light 
suffers  dispersion — that  is.  the  rays  of  shorter  wave-length  are  more 

rclractcd   than 

those  of  grep.tcr 
wave -length.  The 
deviation  of  any 
given  ray  is 
measured  by  the 
angle  which  the 
refracted  ray 
makes  with  its 
original  direction. 
The  amount  of 
dispersion  pro- 
duced by  a  prism 
is  mcasurcil  by 
the  difference  in 
the  deviation  of 
the  extreme  rays  Fic.  331.— RiriucTiosf  axd  Disi-tiisioN  »x  a  I*iiis«. 
of   the  spectrum. 

The  dispersion   produced   by  a  given  substance   is  proportional    to 
the  difference  of  its  refractive  indices  for  the  extreme  rays. 

Refraction  by  a  Biconvex  Lens. — A  straight  hne  ACH  passing 
througli  the  centres  of  curvature  of  the  two  surfaces  of  the  lens  is 
called  the  principal  axis.  A  point  C  hnng  on  the  principal  axis 
between  the  two  centres  of  cur^'7.lure,  ?nd  iK>ssessmg  the  property 


Flu.    3ii.  —  Klvkaction    uv    a 
Biconvex  Lens. 


Fi«i 


333. — Formation  of  Iuage   bv 
Biconvex  Lr.NS. 


that  rays  passing  through  it  do  not  suffer  refraction,  is  celled  the 
oMicai  centre  of  the  lens.  .\ny  straight  line,  DCE.  passing  through 
the  optical  centre  is  a  secondary  axis,  Ravs  of  light  proceeding  from 
a  |tamt  in  the  princip;il  axis  arc  focussed  in  a  point  on  that  axis. 
When  tlie  raj-s  procceil  from  an  infinitely  distant  jwint  in  tlir 
principal  axis — i,e.,  when  they  arc  ]}arallcl  to  it— they  are  focusscd 
in  r.  the  principiti  fitctts.  Similarly,  rays  [>ardUel  to.  or  proceeding 
irom,  a  point  in  a  secondary  axis  are  focusscd  in  a  point  on  that  i-xiu  ; 
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but  if  the  focus  is  to  be  sliarp,  the  angle  between  the  secondare 
the  principal  axis  must  not  be  so  large  as  is  indicated  in  Fij?.  ui 

Formation  of  Image  by  Biconvex  Lens  {Fig.  333). Let  AiB  tx 

object  ;  then  if  AHD  be  the  path  of  a  ray   from   A   paraUe 
principal  axis,  the  image  of  A  -will  be  the  intersection  of  the 

line  DF  and  the  secondary  axis  passing  through  A.      Si  mil 

image  of  R  will  be  the  intersection  of  GF  and  the  secondary  a.\« 
Where  AB  is  farther  from  the  lens  than  the  principal  focus.'the  m 
ab  is  real  and  inverted.  This  is  the  case  with  the  jruat:e  of 
externa!  object  formed  on  the  retina.  When  the  object  is  ni 
than  the  principal  locus,  the  image  is  virtual  and  erect.  The  im^r 
lormcd  by  the  objective  of  a  microscoi>e  when  tlic  object  is  in  k<v* 
is  real  and  inverted ;  the  ocular  forms  a  virtual  erect  imaee  of  tto 
real  image. 

Refraction  by  a  Biconcave  Lens  (Fig.  334). — Parallel  r* . 
rendered  divergent  by  the  lens  ;  there  is  no  real  focus  ;  but  if  tl.^ 
are  prolonged  back\vards  they  meet  in  the  Wrtual' focus  F.  h 
which  they  appear  to  come  when  recci\'ed  by  the  eve  throu-h 
lens,  '  "  ^ 

Formation  of  Image  by  Biconcave  Lens  (Fig.  335). t^t  AB  b« 

the  object.     Let  AHDI  be  the  path  of  a  ray  from  any  point  A 


■^ 

^ 


Fir,.  334. —  Refr.\ctio.n 
UY  A  Biconcave  Lxks. 


Fig.  333. 


-Formation  of  lM\t,F   bv  Hko.vcavb 

LSNS, 


the  object  parallel  to  the  principal  axis.     Produce  DI  baci 
(dotted  line) ;  it  will  pass  through  the  principal  focus  F.     T 
draw  the  secondary  axis  AC.       The  image  of  A  must  He  boti 
AC  and  on  IDF — i.e.,  it  must  be  the  intersection,  a,  of  these  straigl 
lines.     Similarly,  the  image  of  B  is  b,  the  intersection  of  KGF     " 
BC     The  image  is  virtual  and  erect. 

Absorption. — No  substance  is  perfectly  transparent  ;  in  additi< 
to  wluit  is  rertected,  some  light  is  always  abs<3rbed.  In  other  wordi 
in  passing  tlu^ough  a  body  some  of  the  light  is  transformed  into  heat 
a  portion  of  the  energy  of  the  short,  luminous  waves  going  to  incj 
the  vibrations  of  the  molecules  of  the  medium,  just  as  a  wa\i 
passing  under  a  row  of  barges  or  fishing-boats  sets  them  swinging  an 
pitching,  and  so  imparts  to  them  a  certain  amount  of  energy,  whicj 
13  ultimately  changed  into  heat  by  friction  against  the  water,  andl 
against  each  other*  and  by  the  straining  and  rubbing  of  the  chaii 
at  their  points  of  atlaclunent.  Some  bodies  absorb  all  the  rsiyrs 
the  proportion  in  which  they  occur  m  wliitc  light  ;  whether  loiol 
at  or  looked  through,  they  appear  colourless  or  white.  Oth< 
substances  absorb  certain  rays  by  preference,  and  the  amount 
absorption  is  proportional  to  the  thickness  of  the  layer, 
colours  of  most  natural  bodies  arc  due  to  this  seUciive  absorpfii 
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Even  when  looked  at  in  reflected  light,  they  are  seen  by  rays  that 
have  penetrated  a  certain  way  into  the  substance  and  have  then  been 
reflected  ;  and,  of  course,  a  smaller  number  of  the  rays  which  the 
b<3dy  specially  absorbs  are  reflected  than  of  the  rays  wliich  it  readily 
trarismiis.  for  more  of  the  latter  than  of  the  former  reach  any  given 
depth.  This  is  called  '  body  colour  ' :  and  such  sutwtances  have  the 
same  colour  when  seen  b>'  reflected  and  by  transmitted  light.  The 
colour  of  haemoglobin  is  due  to  the  absorption  of  the  violet  and  many 
ol  the  yellow  antl  green  ra\*s.  as  is  shown  by  the  position  of  the 
absorption  bands  in  its  spectrum  (p.  37).  In  Fig.  336  the  violet  ravs 
arc  represented  as  being  totally  absorbed  before  passing  through  tfie 
substance.  Some  of  the  green  rays  are  reflected,  some  transmitted, 
some  absorbed.  The  red  rays  are  supposed  to  be  mostly  reflected 
and  transmitted,  only  to  a  slight  extent  absorbed.  The  colour  of 
such  a  substance,  both  when  looked  at  and  when  looked  through, 
would  therefore  be  tliat  due  to  a  mixture  of  red  light  with  a  smaller 
quantity  of  green.  Then  there  is  another 
class  of  substances  which  owe  their  colour 
to  seleciive  refieciioH,  Certain  rays  only 
arc  reflected  from  their  surface,  and  the 
light  transmitted  through  a  thin  Layer  is 
complementar)--  to  the  reflected  light- 
that  is,  the  reflected  and  transmitted 
rays  together  would  make  up  white  light. 
These  bodies  have  what  is  called  *  surfacf 
colour,'  ;ind  include  metals,  various  aniline 
dyes,  and  other  substances. 

Comparative. — Many  invertebrate  ani- 
mals possess  rudimentan,'  sense-organs, 
by  means  of  wliich  they  may  receive 
certain  luminous  impressions  It  is  true 
that  the  mere  sensation  of  light  is  not  in 
itself  sufficient  for  the  exact  appreciation 
of  the  form  and  situation  of  surroumling 
objects.  But  even  the  closure  of  the  eye- 
Uds  does  not  prevent  a  [^rson  of  normal 
eyesight  from  distinguisliini^  differences 
in  the  intensity  of  illumination.  And  it 
is  possible  that  many  of  the  humbler  ani- 
mals  may,   through   the    pigment  spots 

which  arc  often  called  eyes,  or  perhaps,  as  in  the  earthworm,  by  means 
of  end-organs  more  generally  diffused  in  the  skin,  attain  to  some  such 
dim  consciousness  of  lit;ht  and  sliadow  as  will  enable  them  to  avoid 
an  obstacle  or  an  enemy,  to  seek  the  sunny  side  of  a  boulder  or  the 
obscurity  of  an  overhanging  ledge  of  rock.  But  the  indisjicnsable 
condition  of  distinct  vision  is  tliat  an  image  of  each  part  of  an  object 
should  be  formed  u]>on  a  separate  portion  of  the  rcceiWng  or  sensirive 
surface.  This  condition  is,  to  a  ccrtiin  extent,  fulfilled  by  the  com- 
pound eyes  of  some  of  the  higher  invertebrates  (insects,  e.g.).  Hero 
rays  from  one  point  of  the  object  pass  through  one  of  the  funnel- 
shaped  elements  of  the  compound  eye.  and  rays  from  another  point 
through  another.  Rays  striking  obliquely  on  the  facets  are  stopped 
by  the  opat^uc  partitions  between  them.  In  the  Cephrlopods  wc 
find  that  thts  compound  type  of  eye  has  alrc.idy  been  abandoned  ; 
the  single  system  ol  curved  refracting  surfaces  so  characteristic  of  the 
vertebrate  eve   has  m.ide  its  appearance  ;   and  the  formation  of  a 

<0 


Flw.  336. — DiA'.RAM  to  SHOW 
COMNECTIOM  or  BODV 
CotOUR     WITH     SkLSCTIVI 

AnsonrtioN. 
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clean-cut  image  of  the  object  on  the  retina,  with  the  excitation  d 
a  sharply-bounded  area  of  that  membrane,  follows  as  a  geomftnal 
consequence  from  the  theory  of  lenses. 

We  have  to  consider  (i)  the  mechanism  by  which  ^a  inw^l 
is  formed  on  the  retina,  and  (2)  the  events  that  follow  the  U» 
mation  of  such  an  image  and  their  relations  to  the  stimnhis 

calls  them  forth. 

Structure  of  the  Eye. — The  eye  may  be  described  with  snftf*?^ 

accuracy  as  a  spherical  shell,  transparent  in  front,  but  or 

the  posterior  five-sixth'^  of  its  surface,  and  tilled  up  with 


41 


Fig.  337. — Diagrammatic  Hoiu/oNrAL  St.crioN^Mr   im.  Lxrr  Kv«- 

transparent  liquids  and  solids.     The  shell  consists  of  three 
concentrically  arranged,  like  the  coats  of  an  onion  :~(t)\\n  c! 
tough,  fibrous  coat,  tht  sclerotic,  the  anterior  portion  of  w^i.  H 
as  the  white  of  the  eye.     In  front  this  external  layer  is  '  by 

the  transparent  cornea.     (2)  A  vascular  layer,  the  ch  .       :ich. 

in  the  restricted  sense  of  the  term,  ends  in  front  in  a  scries  oi  (olds 
or  plaits,  the  cilian*'  processes.  The  choroid  contains  a  greater  ot 
smaller  quantity'  of  the  black  pigment  melanin.  The  ciliary  pre 
abut  on  the  outer  boundary  of  the  iris,  which  may  bo  looked  m\ 
an  anterior  continuation  of  thii  choroidal  or  middle  coat  o(  the  c>-cbal 
Between  the  cornco-sclerotic  junction  and  the  anterior  portiori  ot 
the  choroid  is  interposed  a  nng  of  unstriped  muscular  ftbi-es,  the 
ciliary  muscle,     (j)  The  inner  or  sensitive  coat,  termed  the  rtiitid 
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(Figs.  338,  339).  Tliis  covers  the  choroid  as  a  delicate  membrane, 
extending  to  the  ciliary  processes,  where  it  ends  in  a  toothed  margin, 
the  era  .serrata.  The  o^^i'c  nerve  forms  a  kind  of  stalk  to  wluch  the 
eyeball  is  attached.  Its  ^Kiint  of  entrance  at  the  of>tic  disc  is  a  little 
nearer  the  median  line  than  the  antero-postt'rior  axis,  which  nearly 
passes  through  the  centre  of  a  small  depression,  the  fovea  centralis, 
situated  in  the  middle  of  the  macula  hitea.  or  vellow  spot.  From 
the  optic  disc  (sometimes  called  the  optic  papilla)  the  ojitic  ner\*e 


CODCI. 


Fig.  i3S. — The   RtTi\A- 


f*<<-"'-     J39- — l>iA(;iiAU     or     Sirvctcur     or 

KCIINA    ((toWniTCll.    AFTXII   OjAt). 

F»S*-  33*'  33'>- — '•  I'ltTHAl  limiting  mem- 
l>ranc ;  j,  W.  layrf  of  iier\f -fibres  ;  i,  '"*, 
l.ivcr  of  ganglion  c<rll* ;  4.  h\  inlrmal 
mi>leculir  layer;  .s.  /f.  internal  iin'"Iojir 
liver  :  6.  C.  cxtcmM  mi^ecuUr  layer  :  7.  /'. 
rxternal  nuclcir  layer  :  8.  external  limilini; 
wteinbraiie  ;  q.  A,  l^ytt  o(  ruds  and  cone«  ; 
ID,  pigmoDl^d  epithelium. 


Spreads  over  the  retina  as  a  layer  of  non-mcduilated  fibres,  separ.\tcd 
from  the  interior  of  the  eyeball  only  by  the  internal  limiting  mem- 
brane.>-.This  so-called  membrane  is  formed  by  the  expanded  leet 
of  tlie*fibres  of  MiiUer,  which  run  like  a  scafloldinp  or  framework 
through  nearly  the  whole  thickness  of  the  retma.  terminating  at  the 
outer  Hmiting  membrane.  External  to  the  layer  of  nerve-tobrcs  is 
the  stratum  of  large  ganglion  cells,  whose  axons  they  arc  ;  next  to 
this  the  inner  moleciUar  layer,  made  up  largely  of  the  brantliing 
dendrites  of  these  cells.     The  fifth  layer  is  the  inner  granular  or 

50—2 
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nuclear  layer,  containing  manv  fusiform  '  granule  '  cells  which  sei 
out  axons*  into  the  fourtli.  and  dendrites  into  the  sixth,  or  oui 
molecular  layer,  and  are  thus  connected  with  the  ganglion  cells 
the  tliird  layer  on  the  one  hand,  and  with  the  seventh  or  outer  nuclear 
layer  on  the  other.  The  seventh  stratum  receives  its  name  from  the 
large  number  of  nuclei  wliich  it  contains.  These  are  connected  with 
the  rods  and  cones  of  the  ninth  layer,  which  is  di\-ided  from  the 
seventh  by  the  external  limiting  membrane.  At  the  fovra  cenhal 
the  rods  are  entirely  al>sent ,  and  the  other  layers  of  the  retina  greal 
thinned  :  over  the  optic  disc  neither  rods  nor  cones  rwe  present. 
The  disc  is  pierced  by  the  retinal  bloodvessels  (Fig.  340). 

External  to  the  rods  and  cones  is  a  sheet  of  pigmented  epithelia! 
cells  of  hexagonal  shape,  belonging  to  the  choroid,  but  remaining 
attached  to  the  retina  when  the  latter  is  separated,  and  therefoi 

often  reckoned  as  its  most  ci 
ternal  layer. 

.A.  httle  behind   the   con 
and   anterior  to  the   retina 
the  (ens.  enclosed  in  *  capii 
and   attachtxl    to   the   chnroM 
by  the  suspensor\*  Hgatnent.  or 
ronuiv  of  Zivn,     The  iris  hi 
down  in  Iront  of  the  lens 
a   diaphragm,   with  a   centi 
hole,  the  pupiL     Between  tl 
ins  and  the   posterior  surf^' 
of    the  cornea   is  the   arttrni 
chamber  of  the  eye,  tilled  wii 
the  aqueous  humour.    Bctwc 
the  iris  and  the  anterior  surfa< 
of    the   lens   lies   the   posterii 
chamber,  which  is  rather  a 
tential  than  an  actual  Cii%-iti 
The  space  between  the  lens 
the  retina  is  accurately  occi 
pied  by  an  almost  struct ureli 
semi  -  fluid   mass,   the   vitrfi> 
humour,  enclosed  by  the 
catc  hyaloid  membrane,  whj* 
in  front   is  reflected   over  tl 
folds  of   the  ciliary-  proc« 
and  blends  with  the  suspensory  Ugament  of  tJio  lens.     Around 
edge  of  the  lens  is  left  a  space,  the  canal  of  Petit. 

Refraction  in  the  Eye— Formation"  of  the  Retinal  Image. 
—The  amount  of  refraction  which  a  ray  of  light  undergoes  at 
a  curved  suiiace  depends  ui-»on  two  factors — the  radius  of 
valure  of  the  surface,  and  the  difference  between  tlie  refractii 
indices  of  the  media  from  which  the  ray  comes  and  into  whii 
it  passes.     Tl»e  sinalh-r  the  radius  of  curvature,  and  the  great! 
the  difference  of  refractive  index,  the  more  is  the  rayhent  froi 
its  original  diiection.     A  ray  of  light  passing  into  tl»c  eye  me< 
first  the  approximately  spherical  anterior  surface  of  the  corw 
covered  with  a  thin  layer  of  tears.    Since  the  refractive 


Fig.  340. — KfcTi.VAt.   UiooDVCssELS 

(Henle). 

The  arteria  cc^iitralis  is  sccti  issuinc 
from  the  optic  dtic  dud  lirauchjag  over 
the  'r<^tina.  Tht  shaded  area  la  the 
middle  of  the  figure  represents  the 
yeilow  spot  with  thr  fovea  centralis  in  tl-s 
cen  tre. 
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of  the  tears  is  much  greater  than  that  of  air,  the  ray  is  strongly 
refracted  here.  The  anterior  and  posterior  surfaces  of  the 
cornea  being  practically  parallel,  and  the  refractive  indices 
of  the  tears  and  aqueous  humour  being  nearly  equal,  but  little 
refraction  takes  place  in  the  cornea  itself.  At  the  anterior  and 
posterior  surfaces  of  the  lens  the  ray  is  again  refracted,  since  the 
refractive  index  of  the  aqueous  and  vitreous  humour  is  less  than 
that  of  the  lens.  The  following  tables  show  the  radii  of  curva- 
ture of  the  refracting  surfaces  and  the  refractive  indices  of  the 
dioptric  media,  as  well  as  some  other  data  which  are  of  use  m 
studying  the  problems  of  refraction  in  the  eye  : 


( Cornea 
Radius  of  ctirvature  of:  Anterior  surface  of  lens 
[  Posterior  surface  of  lens 

/Anterior  surface  of  cornea  and  an- 

I     tenor  surface  of  lens     - 
Distance  J  Anterior  surface  of  cornea  and  pos- 
bctween  j      terior  surface  of  lens 

j  Anterior  and  posterior  surface  of  lens 

'  Posterior  surface  of  lens  and  retina  - 
Antcro-posterior  diameter  of  eye  along  the  axis 

Refractive  Indices- 
Air         

Cornea  -  ... 

Aqueous  humour 

Vitreous  humour    - 

Lens  (mean  for  all  its  layers)  - 

Water 1-335 

It  will  be  seen  that  the  refractive  indices  of  the  aqueous  and 
vitreous  humours  are  nearly  the  same  as  that  of  water.  That 
of  the  lens  differs  for  its  various  layers,  the  ccntial  core  having 
a  higher  refractive  index  than  the  more  superficial  portions  ; 
but  a  mean  may  l>c  struck,  and,  although  such  calculations  are 
open  to  error,  it  has  been  computed  that  the  lens  acts  as  a 
homogeneous  It-ns  i»f  the  same  curvatures,  and  with  a  refractive 
index  of  1*437  woi^ld  do. 

The  optical  problems  connected  with  the  formation  of  the 
retinal  image  are  complicated  by  the  existence  in  the  eye  of 
several  media,  with  different  refractive  indices,  bounded  by 
surfaces  of  different  and,  in  certain  cases,  of  variable  curvature. 
For  many  purposes,  however,  the  matter  can  be  greatly  simpli- 
fied, and  a  close  enough  approximation  yet  arrived  at,  by  con- 
sidermg  a  single  homogeneous  medium,  of  definite  refractive 
index,  and  bounded  in  front  by  a  spherical  surface  of  definite 
curvature,  to  replace  llie  transparent  solids  and  liquids  of  the 
eye.    The  principal  focus  being  sup^wsed  to  lie  on  the  retina, 
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the  position  of  the  nodal  point — i.^.,  the  point  through  which 
raj^  pass  without  refraction — of  such  a  'reduced  '  or  *  sche- 
matic '  or  '  simjihtied '  eye,  and  other  constants,  are  shown 
in  the  following  table.  The  single  refracting  siirface  would  be 
situated  behind  the  cornea  and  in  front  of  the  lens,  at  a  rather 
smaller  distance  from  the  anterior  surface  of  the  latter  than  <rom 
the  anterior  surface  of  the  former.  The  nodal  point  would  be 
less  than  haH  a  millimetre  in  front  of  the  posterior  surface  ot 
the  lens  (Fig.  341).  The  refractive  index  of  the  single  trans*] 
parent  medium  would  be  a  little  greater  than  that  of  water. 


Reduced  Eyi  — 

Radius  of  curvature  of  the  single  refracting  surface 
Index  of  refraction  of  the  single  refracting  medium 
Antero-posterior  diameter  of  reduced  eye  (distance  of 

principal  focus  from  the  single  refracting  surface)     - 
Distance  of  the  sinfilc  refracting  surface  t>ehind  the 

anterior  surface  of  the  cornea         -         .         -         - 
Distance  of  the  nodal  point  of  the  reduced  eye  from 

its  anterior  surface  ------ 

Distance  of  the  nodal  point  from  the  principal  focus 

(rptina)    --------- 


^*i      mm. 


20*0 


2'2 


1*0 


M*o 


Knowing  the  position  of  the  centre  of  cur\'ature  of  the  single 
ideal  refracting  surface — i.e.,  the  nodal  point  of  the  reduced 

eye — all  that  is  necessary  in  order 
to  determine  the  position  of  tlie  image 
of  an  object  on  the  retina  is  to  draw^ 
straight  lines  from  its  circumferent 
through  the  nodal   point.     Each 
these  lines  cuts  the  refracting  suriat 
at  right  angles,  and  therefore  p; 
through  without  any  deviation.   TlM 
letinal  image  is  accordingly  invert* 
and  its  size  is  proportional  to  ih< 
solid  angle   contained   between    tJ 
lines  drawn  from  the  boundan,' 
the  object  to  the  ncnlal  jx)int,  or  tl 
equal   angle  contained  by  the   pT 
longations  of  the  same  lines  towan 
the  retina.    This  angle  is  calleil 
visual   angle,    and   evidently   van< 
directly  as  the  sire   of   the  object 
and  inversely  as  its  distance.     Thi 
the   visual    angle   under   which 
moon  is  seen  is  much  larger  th; 
that   under  which  we  view  any  of    the  fixed   stars,  becai 

*  Or  a  little  morr  thau  that  of  the  aqueous  humour. 


Ku..  341.— Thl  Ueducco  Eve. 
S.  tbe  single  spherical  refract- 
ing surface.  2-2  ram.  hcliUid  th** 
anterior  surface  of  the  romra ; 
N,  tlie  nodal  point,  .s  mm.  be- 
hind S  :  F,  thp  prinripal  focus 
(on  tlie  retina).  20  mm.  behind  S. 
The  comea  and  lens  are  put  in  in 
dotted  lines  in  the  ptftition  whir h 
Ihey  oci'upy  in  the  normal  eye- 
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from  which  A'B'  (the  diameter 


the  comparative  nearness  of  the  earth's  satellite  more  than 
makes  up  for  its  relatively  small  size. 

The  dimensions  of  the  retinal  image  of  an  object  are  easily  calcu- 
lated when  the  size  of  the  object  and  its  distance  are  known.  For 
let  AB  in  Fig.  342  represent  one  diameter  of  an  object,  A'B'  the 
image  of  this  diameter,  and  let  AB',  BA',  be  straight  hnes  passing 
thrnuijh  the  nodal  pciint.  Then  .\B  and  VB'  may  be  considered 
as  parallel  lines,  and  the  triingles  of  which  they  form  the  bases, 
and  the  nodal  point  the  common  apex,  as  similar  triangles. 
Accordinglv,  if  D  is  the  distance  of  the  nodal  point  from  A.  and 

AB    A'B' 
d  its  distance  from  B',  we  have  'y,  ~~J~'     Now,  d  may  approxi- 

matelv  be  taken  as  15  mm.  Suppose,  then,  that  the  site  of  the 
moon's  imaf^e  on  the  retina  is  required.  Here  0=238,000  miles, 
and  AB  (the  diameter  of  the  mnon)    =2.160  miles.     Thus  we  get 

2,160      A'B'         ,       ,     I       A'B' 

—  =  — -.  or  (sav)  —  ^  — — , 

J38,ooo       15  no       15 

of  the  retinal  image)  =  -—  ,  or  it>out  I  mm. 

^  '      1 10  * 

A  ship's  mast  120  feet  high,  seen  at  a  distance  of  25  miles,  will 

throw  on  the  retina  an  imago  whose  height  is  -■—.,—  x  i?  mm., 
1 20  feet  I  25  miles      ■ 

I.e.,  — r^ 7 X  I  ?  mm.,  or  x  i;  mm.,  equal  to  o'oi  x  mm., 

5.2*tox  25  feet  i.if>3       T  »     I 

or  13  ^  in  size.  This  is  nnt  miirh  Itriior  than  a  red  blonl-corpiiscle, 
and  only  four 
times  the  d'a- 
mctcr  of  a  cone 
in  the  fo\'ea 
centralis,  where 
the  cones  are 
most  "slender. 
In  this  calcula- 
tion the  effect 
of  aberration  (p. 
779)  in  enlarginR 
the  image  has 
been  ncglectevl. 
This  effect  is,  of 
course,  propor- 
tionately greater 
for  small  and 
distant  than  for 

large  and  near  objects  ;  and  it  is  doubtful  whether  the  smallest 
possible  image  can  be  confined  to  an  area  of  the  retina  of  the  size 
of  a  single  cone. 


FII-.    34!.— FlULUi.      I    '     SHt.i.V      IIUV\       IHt       \  I-.1  Al.    AnuLI. 

AND  Si2e  OP  Retival  [magi;  vakies  with    riiK  Dis- 

TASCF    OP    AN    OUJECT    OF    GiVBH    SUE. 

For  the  distant  position  of  AB  the  visual  anglr  is  c  far 

the  ne;ir  position  (dott'sl  lines)  ^. 


Accommodation. — A  lens  adjusted  to  focus  upon  a  screen 
the  rays  coming  from  a  luminous  point  at  a  given  distance  will 
not  be  in  the  proper  position  for  focussing  rays  from  a  point 
which  is  nearer  or  more  remote.  Now,  it  is  evident  that  a 
normal  e^'e  [wssesses  a  The  image  of  a 

mountain  at  a  dist*  orint^d  pag?  at 
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a  distance  of  30  cm.,  can  be  (ocussed  witli  equal  sharpness 
the  retina.  In  an  opera-glass  or  a  telescope  accommodatioi 
is  brought  about  by  altering  the  relative  (wsition  of  the  len>cs 
in  a  photographic  camera  and  in  the  eyes  of  fishes  and  cepha- 
lopods,  by  altering  the  distance  between  lens  and  sensiti^ 
surface  ;  in  the  eye  of  man,  by  altering  the  cun-ature,  and  th( 
fore  the  refractive  power  of  the  lens.  That  the  cornea  is  not 
alone  concemed  in  accommodation,  as  was  at  one  time  widely 
held,  is  shouTi  bj'  the  fact  that  under  water  the  pxjwer  of  acconun( 
dation  is  not  wholly  lost.  Now,  the  refractive  index  of  the  cumci 
being  practically  the  same  as  that  of  water,  no  changes  of  can 

\^ature     in     i  t    could     affecl 
refraction    under    these    cir« 
cumstances.      That    the   sol< 
effective  change  is  in  the  lei 
can  be  most  easily  and  deci- 
sively shown  by  studying  thi 
behaviour     of      the 
images  of  a  luminous  objc< 
reflected    from   the   boundii 
surfaces  ot  the  various  refrac- 
tive media  when  the  degr< 
of  acconimodation  of  the  cy< 
is  altered.    Three  images 
clearly    recognised:    thi 
briglUest     an     erect     virtual! 
image,  from  the  anterior  (con- 
vex) surface  of    the  cornea 
an  erect  virtual  image,  larger, 
but  less  bright,  from  the  an- 
terior (convex)  surface  of  theJ 
lens ;   and   a  small    inverterl] 
real  image  from  the  (concave), 
posterior  boundar\'  of  the  lens' 
(Purkinje  -  Sanson      images). 
The   second   image   is   inter- 


FlC.    ^^^. I'URKINJt-SANSON    TsiAt.K?. 

A,  in  the  absence  of  arcomroodation  ; 
B,  during  accommodation  for  a  near 
objecl.  The  upper  pair  of  circles  ca- 
close  the  imai;es  as  seen  when  the  light 
falls  on  the  eye  through  a  double  slit  on 
a  pair  of  prisms  ;  the  iowcr  pair  show 
the  images,  seen  when  the  slit  is  single 
and  triangular  in  sh.ipe. 


mediate  in  position  beti 
the   other   two.      It   is    possible  with  special    care  to   mak< 
out  a  fourth  imag-^  ;  but  since  it  is  reflected  from  the  posterw 
surface   of    the    cornea,    at    which   only    a    slight    change    iaj 
the  refractive  index  occurs,  it  is  less  brilliant  than  the  first] 
three.     Wlien  the  eye  is  accommodated  for  near  \nsion,  as  in 
focussing   tlie  ivory  point  of  the  phakoscope  (Fig.  384),  ihc' 
corneal  image  is  entirely  unchanged  in  size,  brightness,  and 
position.    The  middle  image  diminishes  in  sij!c,  comes  forward, 
and  moves  nearer  to  the  corneal  image.    This  shows  that  ibc 
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curvature  of  the  anterior  surface  of  tlie  lens  has  been  increased — 
that  is  to  say.  its  radius  of  cur\'atiire  diminished — lor  the  size 
of  the  image  of  an  object  reflected  from  a  convex  mirror  varies 
directly  as  the  radius  of  curvature.  A  slight  change  takes  place 
in  the  image  from  the  posterior  surface  of  the  lens,  indicating 
a  small  increase  of  its  curvature  too.  By  means  of  a  metliod 
founded  on  the  observation  of  the  changes  in  these  images, 
and  a  special  instrument  called  an  ophthalmometer  which 
allows  of  their  measurement.  Hehnholtz  has  calculated  that, 
during  maximum  rn  commodation,  the  radius  of  curvature  of 
the  anterior  surface  of  the  lens  is  only  6  mm.,  as  compared 
with  10  mm.  when  the  eye  is  directed  to  a  distant  object  and 
there  is  no  accommodation.  When  the  lens  has  been  removed 
for  cataract,  fairly  distinct  vision  may  still  be  obtainetl  by  com- 
pensating for  its  loss  by  convex  spectacles  of  suitable  refractive 
power  (10  diopters*  for  distant  vision,  and  15  diopters  for  the 
distance  at  which  a  book  is  usually  held),  but  no  power  of  accom- 
modation remains.  The  person  does  indeed  contract  the  pupil 
in  regarding  a  near  object,  just  as  hap|>ens  in  the  mtact  eye  ; 
the  most  divergent  rays  are  thus  cut  off  and  the  image  made 
somewhat  sharper,  and  there  may  appear  to  be  some  faculty 
of  accommodation  left.  But  the  loss  of  the  whole  iris  by  opera- 
tion does  not  affect  accommodation  in  the  least ;  the  iris,  there- 
fore, takes  no  j>art  in  it.  That  no  change  in  the  antero-posterior 
diameter  of  the  eyeball,  ca\ised  by  its  deformation  by  the  con- 
traction of  the  extrinsic  muscles,  can  have  any  share  in  accommo- 
dation, as  has  been  suggested,  is  clearly  proved  by  the  fact 
that  atxopia,  which  does  not  affect  the  action  of  these  muscles, 
paralyzes  the  medianism  of  accommodation.  To  the  con- 
sideration of  that  mechanism  wc  now  turn. 

The  Mechanism  of  Accommodation, — While  everybody  is 
agreed  that  the  main  factor  in  accommodation  is  the  aJteration 
in  the  cun'ature  of  the  lens,  tliere  is  by  no  means  the  same 
tmanimity  as  to  the  manner  in  which  this  is  brought  about. 
Hclmholtz's  explanation,  whicli  has  long  been  the  most  jwpular, 
is  as  follows :  In  the  unaccommodated  eye  the  suspensory 
ligament  and  the  capsule  of  the  lens  are  tense  and  taut,  Uie 
anterior  surface  of  the  lens  is  flattened  by  their  pressure,  and 
parallel  raj's  (or,  what  is  the  same  thing,  rays  from  a  distant 
object)  are  focussed  on  the  retina  without  any  sense  of  effort. 

•  A  diopter  (i  D.)  is  the  unit  o(  refractive  power  generally  adopted  in 
measuring  the  strength  o£  leases,  and  corresponds  to  a  lens  of  i  metre 
focal  length,     A  lens  of  2    !       '  ?  D.)  lias  a  local  length  of  \  uiotro,  a 

leoa  ol  4  diopters  (4  D.)  a  :  >  >A  i  metre.  an<l  so  on.    The  diverging 

power  of  concave  len<K^s  is  m .  \pres»ed  in  diopters,  with  the  negative 

sign  prelixevl.     Thus,  a  concave  lens  of  1  metre  focal  length  has  a  strength 
of  —I  D.,  and  will  just  neutraUxe  a 
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In  accommodation  for  a  near  object,  the  meridional  or  antero- 
posterior fibres  of  the  ciliary  muscle  by  their  contraction  pull 
forward  the  choroi<l  and  relax  the  suspensory  ligament.  The 
elasticity  of  the  lens  at  once  causes  it  to  bulge  forwards  till  it 
is  again  checked  by  the  tension  of  the  ca{:>su]e. 


The  explanation  of  Hclmholtz,  although  widely  adopted  in  th 
text-books,  has  not  escaped  question  in  the  archives.  Tschcming 
has  put  forward  the  view  that  when  the  ciliary  muscle  contracts,  the 
suspensory  ligament  is  pulled  backwards  and  outwards,  fts  tension 
is  thus  increased,  and  the  soft  external  layers  of  the  lens  are  in 
consequence  moulded  upon  the  harder  nucleus,  so  as  to  increase  th© 
curvature  especially  around  the  anterior  pole.  And  Schocn.  rc\iving' 
a  similar  theory  originated  forty  years  ago  by  Mannhardt,  beUe\'es 
that  the  ciliary  muscle,  in  contracting,  exerts  pressure  on  t 
anterior  portion  of  the  lens,  and  so  increases  its  cur\*ature.  H€t 
likens  the  process  to  the  bulpng  of  an  indiaruhber  ball  when  it  m 
held  in  both  hands  and  compressed  by  the  fingers  a  little  behind  on 
of  the  poles.  It  will  be  observed  that  in  both  of  these  theories  th* 
suspensory  ligament  is  supposed  to  be  stretched  during  accommo- 
dation, not  relaxed  as  Helmholtz  supposed.  While  thev*  hav-e 
ceitain  advantages  over  the  theory  uf  Helmholtz,  particiitarly  in 
taking  account  of  the  presence  of  radial  and  circular  as  well  aA 
meridional  fibres  in  the  ciliary  muscle,  they  do  not  agree  so  well 
with  such  experimental  tests  as  have  l>een  appUed,  and  therefore 
Hclmhollz's  explanation  must  still  be  regarded  as  the  best. 

It  is  supported  by  the  observation  of  Hess  that  when  the  cilian 
muscle  has  been  very  strongly  contracted  by  escrin  the  lens  can 
ob3er\'cd  to  n^ove  about  with  each  slight  movement  oi  the  eye.     The 
suspensory  Ugament  must  therefore  be  slackened  by  the  contraction 
of  the  ciliary  muscle.     Wlien  atropia  is  applied  the  movabilitv  of 
the  lens  soon  disappears,  owing  to  paralysis  of  the  ciUary  musrlc. 
These  facts  were  nret  established  in  patients  after  indectomv.  bu 
have  also  been  demonstrated  in  the  normal  eye.     Even  under  th 
influence  of  grav-ity  alone,  without  any  movernents  of  the  eve,  lb 
lens    sinks   about    \   to   .^    mm.   in   strong   accommodation.      Aa 
additional   proof  that  the  suspensory  Ugament  is  perfectly  sUc 
during  accommodation  is  derived  from  the  result  of  siraultaneo 
measurements  in  animals  of  the  pressure  in  the  anterior  chamt)er 
and  in  the  >'itreous.     Even  in  strong  accommodation  no  alteratioa 
occur?,  although  even  slight  contact  with  the  outer  surface  of  the 
eyeball  or  contraction  of  the  external  eye  muscles  causes  a  distinct 
cfiect.     In  two  cavities  separated  by  a  stack  membrane  no  dififerenoes 
of  pressure  would  be  expected. 

Anderson  Stuart  lays  stress  upon  the  function  of  those  fibres  of 
the  suspensory  hgament  which  arc  attached  to  the  vitreous  body, 
and  arc  put  under  tension  by  the  contraction  of  the  ci3iar\-  muscle, 
in  anchoring  the  lens  during  strong  accommodation.  He  bclic^-e* 
that  the  liquid  contents  of  the  hyaloid  canal  mo\x  from  its  anterior 
to  its  posterior  end  in  accommodation,  and  in  the  opposite  direction 
when  accommodation  is  relaxed,  and  that  this  movement  tends  to 
prevent  strains  in  the  vitreous. 

In  cephalopods  and  fishes,  which  are  normally  short-sighted, 
accommodation  for  objects  at  a  distance  is  effected  bv  a  movemmt 
of  the  lens  towards  the  retina.     In  the  fish*s  eye  this  is  accomplifilwd 
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by  the  contraction  of  a  special  muscle,  the  retracior  ientis.  In  am- 
piiibia  and  most  snakes  the  lens  is  moved  towards  the  cornea  and 
away  irfim  the  retina  by  changes  nf  intra-ociilar  pressure  (Beer). 

Changes  in  the  Pupil  during  Accommodation. — It  has 
been  already  mentioned  that  along  with  the  alteration  in  the 
curvature  of  the  lens  a  change  in  the  diameter  of  the  pupil 
takes  place  in  accommodation.  When  a  distant  object  is  looked 
at,  the  pupil  Ixscomes  larger  ;  when  a  near  object  is  looketl  at, 
it  becomes  smaller.  Xarrowiug  of  the  pupil  is  thus  associated 
with  contraction  of  the  ciliary  muscle,  and  widening  of  the  pupil 
with  its  relaxation. 


Fig,  344. — Nervk:}  or  the  l-.vt. 

Ill,  tbird  oc  oculo-motor  nerve :  TV.  fourth  or  trochlear  nerve  ;  V.  uphihnlmic 
branch  of  fifth  nrrw  ;  V'l.  sixth  nr  Ahduren»  :  (*.  carotid  artery  with  tt«  plexus  of 
sympathetic  fibres ;  x.  ophlhahntc  f  acgUon.  with  its  motor  root  2.  its  sympathetic 
rout  ^,  and  its  sensory  root  4  ;  S<  direct  cUiarv  filament ;  6,  riUiiry  muscle  ;  7,  iris  ; 
S,  cornea;  0.  conjunctiva:  xo.  Iachr>-T)\.il  gland:  11,  hvintal  n<.TVc ;  12.  nasjU 
iierve  ;  13.  recurrent  branch  of  nphthalmtr  di\'ision  of  iiUh.  The  thick  while 
lines  represent  the  motor  ucrve«  ;  the  thin  rontinuous  hnes  the  sympathetic 
fibres  ;  the  dotted  lines  the  s^-nsorv  nerve*. 


This  physiological  correlation  haa  its  anatomical  counterpart ;  for 
thr  third  nerve  supphes  both  the  iris  and  the  ciliary  muscle.  Stimu- 
lation of  the  ner\*e  within  the  cranium  causes  contraction  of  the  pupil* 
wliile  stimulation  of  certain  portions  of  its  nucleus  in  the  floor  of  the 
third  ventricle  and  the  Sylvian  aqueduct  or  of  the  short  ciliary  nerves 
coming  off  from  the  ophthalmic  ganglion  (Fig.  344).  which  receives 
branches  from  the  third  nerve,  or  of  the  gangU(}n  itself,  is  loHowcd  by 
that  cliangc  in  the  anterior  surface  of  the  lens  which  constitutes 
accommodation  (Mensen  and  Vot-lckers),  This  can  be  observed 
either  through  a  window  in  the  scleroti-  in  .1  d«tc;  or  by  foUowinjj  the 
movements  of  a  nrrtlle  thrust  into  \'  By  carefully  local- 

ized slimnlalion  lUMr  the  iuni^iuwi  «.,  ]  icduct  ^^^th  the  third 

vonlhcle,  it  is  poaiiihte  u»  ^rrf  bul^ng  of  the  tens 

without  any  cnaa^  *  voluntary  act  of 
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accommodation  cannot  be  disjoined  from  the  corresponding  iltto- 
tions  in  the  size  of  the  pupil.  Inu-ard  rotation  of  tnc  eyes  actt* 
panics  contraction  of  the  pupil  in  accommodation. 

Changes  in  the  Pupil  produced  by  Light, — It  is  notonlvM 
accommodation  that  the  size  of  the  pupil  niay  be  affected.  H 
the  dark  it  dilates,  at  first  rapidly,  then  gradiially,  and  it  tiuS 
tains  the  width  it  has  reached  for  several  hours.  This  lias  t««o 
shown  by  taking  photographs  ol  the  eye  with  the  magu«&ii& 
fiashUglit.  In  this  way  the  width  of  the  pupil  is  recorde^^^l 
it  has  time  to  alter.  Or  a  longer  exposure  to  ultra-\'iol«H|H 
which  affects  the  pupil  but  little,  may  be  employed.  \\l9 
ordinary  light  falls  upon  the  retina  the  pupil  contracts,  and  fl 
amount  of  contraction  is  roughly  proportional  to  the  Incensq| 
of  the  light.  Contraction  of  the  pupil  to  light  is  brought  aNiJl 
by  a  reflex  mechanism,  of  which  the  optic  nerv^e  form^  tM 
afferent  and  the  oado-motor  the  efferent  path,  while  the  ct-nJ 
is  situated  in  the  floor  of  the  aqueduct  of  Sylvius,  The  r«Iati* 
of  this  centre  to  that  which  controls  tlie  changes  in  the  pufil 
during  accommodation  has  not  asyet  been  sufficiently  e3ticidatod| 
but  this  w'o  do  know,  that  one  of  the  paths  may  be  interrupt™ 
by  disease,  while  the  other  is  intact.  For  in  locomotor  ataxl 
the  light-reflex  sometimes  disapi.)ears,  while  the  constrict™ 
of  the  pupil  in  accommodation  still  takes  place  (ArgyU-RobeM 
son  pupil).  Artificial  stimulation  of  the  optic  ner\-e  has  d 
same  effect  on  the  pupil  as  the  'adequate*  stimulus  of  iigbfl 
and  in  many  animaLs  (including  man),  though  not  in  thos**  whoa 
optic  nerves  completely  decu&sate,  both  pupils  contract  when  fa 
retina  or  optic  ner\-e  is  excited.  This  should  be  remomberJ 
in  using  the  pupil-reaction  as  a  test  of  the  condition  of  the  reuofl 
For  although  the  absence  of  contraction  may  show  that  tjH 
retina  of  tlie  eye  on  which  the  light  is  allowed  to  fall  is  insensibfl 
(unless  there  is  some  physical  hindrance  to  its  passage,  sud 
as  opacity  of  the  lens  or  cataract),  the  occurrence  t^l  cin 
traction  does  not  exclude  insensibility  of  the  retina  unless  thl 
other  eye  has  been  protected  from  the  light.  1 

But  not  only  is  the  iris  under  the  control  of  constrictor  nerved 
fibres,  it  is  also  governed  by  dilator  nerves ;  and  the  sue  of  thM 
pupil  at  any  given  moment  depends  on  the  play  of  two  niceJyfl 
balanced  forces.  ■ 


The  dilator  fibres  pass  out  by  the  anterior  roots  of  the  first  thrtc 
thoracic  nerves  (doc,  cat,  rabbit),  accompanied  apparently  by  vaso- 
constrictor  fibres  lor  the  ins.  Reaching  the  sympathetic  chain 
through  the  corresponding  rami  commiinicantcs.  they  tra\'ei&r 
first  thoracic  ganglion,  the  annulus  of  Vieusscns,  the  infcnor  ccj 
ganglion  and  the  cervical  sympathetic.  They  end  by  arborixii 
around  some  of  the  cells  of  the  superior  cervical  ganghon, 
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axons  eventually  arri\x  at  the  Gasserian  ganglion,  and  running  along 
the  optithalmic  division  of  the  trigeminal  to  ^e  eye,  reach  the  iru  by 
its  cilian,'  branches. 

Stimulation  of  the  cervical  synii)athetic  causes  marked  dilata- 
tion of  the  pupil,  even  when  the  third  nerve  is  excited  at  the 
same  time.  All  the  evidence  at  our  command  goes  to  show 
that  the  pupillo*dilator  fibres  do  not  act  by  constricting  the 
blooflvessels  of  the  iris.  For  dilatation  of  the  pupil  ran  be 
cansL'd  in  a  bloodless  animal  by  stimulating  the  sympathetic. 
And  even  when  the  circulation  is  going  on,  a  short  stinmlation 
of  the  s>Tnpathetic  causes  dilatation  of  the  pupil  without  vase 
constriction,  while  with  longer  excitation  the  dilatation  of  the 
pupil  begins  before  the  narrowing  of  the  bloodvessels  Nor 
does  it  seem  jxissible  to  accept  the  view  that  the  sympathetic 
rtbtes  are  inhibitoiy  for  the  sphmcter  muscle  of  the  iris. 
In  all  probability  they  act  directly  ujKin  dilator  muscular 
fibres.  It  has,  indeed,  long  been  known  that  in  the  iris  of 
the  otter  and  of  birds  a  radial  dilator  muscJe  exists;  and  it 
has  been  shown  by  Langley  and  Anderson  that  in  the  iris 
of  the  rabbit,  cat,  and  dog,  tlie  presence  of  radially  arranged 
contractile  substance,  different  it  may  be  in  some  respects  from 
ordinary  smooth  muscle,  must  be  assumed.  Reflex  dilatation 
of  the  pupil  through  the  s\Tnpathetic  fibres  is  caused  in  man 
by  painful  stimulation  of  the  skin,  by  dyspncea,  by  muscular 
exertion,  and  in  some  individuals  even  by  tickling  of  the  palms. 
In  animals  the  stimulation  of  naked  sensory  nerves  has  the 
same  effect.  The  *  starting  of  the  eyeballs  from  their  sockets,' 
which  the  records  of  torture  so  often  note,  is  due  to  a  similar 
reflex  excitation  of  the  sympathetic  tibres  supplying  the  smooth 
muscle  of  the  orbits  and  eyelids. 

The  statement  lias  been  made  tJiat  in  addition  to  the  sympathetic 
dilators  of  the  pupil,  dilating  fibres  pass  out  directly  from  the  bulb 
along  the  fifth  nerve  ;  and  after  section  of  the  cervical  sympathetic 
or  excision  of  the  superior  cervical  ganglion,  reflex  dilatation  can  still 
be  caused.  Stimulation  of  certain  areas  on  the  cortex  of  the  frontal 
lobe  of  the  cerebrum  (p.  777)  causes  slight  dilatation  even  after  the 
s>Tnpathetic  has  been  divided.  Tliis  is  due  to  inhibition  of  the 
pupillo-constrictor  fibres  in  the  third  nerve.  The  reflex  centre 
for  dilatation  of  the  pupil  is  in  the  medulla  oblongata.  The  lower 
cervical  and  upiwr  thoracic  portion  of  the  spinal  cord  has  received 
the  iiiiinc  of  the  cilio-spmal  region  from  its  relation  to  the  pupiUo- 
dilator  fibres.  It  must  not  be  looked  upon  as  a  centre  in  any  proper 
sense  of  the  term,  but  rather  as  the  pathway  by  which  these  fibres 
pass  down  from  the  bulb,  and  where  tncy  may  accordingly  be  tapped 
Dy  stimulation. 

That,  in  addition  to  the  cerebral  centre  for  tlie  constrictor 
and  the  bulbar  centre  (or  th#  •  f^xists  within 

the  eye  some  local  me-  .scles  of 
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the  iris  and  regulates  the  size  of  the  pupil  is  rendered  oertiin  in 
many  facts.  The  excised  eye  of  a  frog  or  an  eel  constricts  ilB 
pupil  on  exposure  to  light,  and  dilates  it  in  the  dark.  EvtntM 
isolated  iris  of  the  eel  contracts  to  light  ;  and  the  iris  both  li 
cold-  and  warm-hlooded  animals  contracts  in  wamx,  and  cblitfll 
in  cold  physiological  salt  solution.  The  local  applicatino  m 
atropia  causes  temporary  paralysis  of  accommodation  and  diLsti'' 
tion  of  the  pupil.  \\'hen  the  third  ner\^e  is  divided,  the  \^v' 
dilates  ;  it  dilates  still  more  when  atropia  is  administered  Wlc 
the  operation.  Dropped  into  one  eye  in  small  quantity,  atr-tfa 
only  produces  a  local  effect ;  the  pupil  of  the  other  eye  remanfe 
of  normal  size,  or  somewhat  constricted  on  account  of  ttic 
greater  reflex  stimulation  of  its  third  nerv-e  by  the  crcAjJ 
quantity  of  light  now  entering  the  widely-dilated  pupil ^^^fl 
atropinized  eye.  Even  in  the  excised  eye  the  effect  of  tl^H 
is  the  same.  Introduced  into  the  blood,  atropia  rausesl™ 
pupils  to  dilate.  Other  mydriatic,  or  pupil-dilating  drugs,  m 
cocaine,  daiurine,  and  hyoscyamine.  Physosh'grnin^  or  esfiM 
pilocarpine,  and  morphia  are  the  chief  myotics,  or  pupil-ttll 
slricting  substances.  They  also  cause  spasm  of  the  dim 
muscle,  and  inability  to  accommodate  for  distant  objects,  n 
work  of  the  mydriatics  can  he  imdone  by  the  myotics.  Dm 
the  dilatation  produced  by  atropia  is  removed  by  pilocarpiJ 
The  explanation  of  the  action  of  these  drugs  is  that  the  mvdn 
atics  paralyze  the  third  nerve,  and  stimulate  the  dilator  nervl 
fibres  of  the  iris,  while  the  myotics  paralyze  the  dilators  am 
stimulate  tlie  third.  Nicotine,  which  ultimately  causes  coil 
striction  of  the  pupil,  does  so  by  paralyzing  the  cells  on  tfl 
course  of  the  dilating  fibres  in  the  suj^erior  cervical  ganghoJ 
Adrenalin,  when  injected  intravenously,  causes  a  tleeting  diUtfl 
tion  of  the  ]>iipil,  distinct  in  cats,  less  marked  in  rabbill 
Subcutaneous  injection  has  no  effect.  Instillation  of  the  drifl 
into  the  conjunctival  sac  is  without  effect  in  the  normal  raUifl 
eye,  but  causes  dilatation  if  the  superior  cervical  ganglio^^H 
been  removed.  M 

Inward  rotation  of  the  cyts  is  associated  with  contract^. —     '  •*» 
pupil,  and  the  contraction  that  occurs  during  sleep  is  thus  -  iJ 

tor  in  sleep  the  eyes  converge  to  some  extent.  When  the  p»i  ^-...v  4M 
the  antcnor  chamtcr  is  diminished,  as  bv  tapping  the  aqucoM 
humour  through  the  cornea,  contraction  of  the  pupil  oi'curs^JUfl 
stimulation  of  the  sympathetic  has  now  a  far  smaller  dilating  j^^| 
than  usual.  Removal  of  the  cornea  narrows  the  pupil,  partiPm 
occasioning  direct  stimulation  of  the  sphincter  pupillip,  partly  w! 
abohshing  the  pressure  of  the  aqueous  humour.  The  attAched^ 
(ciliary)  border  of  the  iris  then  bulges  for\vard,  and  the  pupil  become* 
smaller.  On  the  other  hand,  an  increased  pressure  in  the  antr*"^-*' 
chamber  forces  back  the  ciliarj^  border  of  the  iris,  aad  C» 
mechanical  dilatation  of  the  pupil. 
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Functions  of  the  Iris. — In  vision,  the  iris  performs  two 
chief  functions:  (i)  It  regulates  the  quantity  of  light  allowed 
to  fall  upon  the  retina.  The  larger  the  aperture  of  a  lens,  the 
greater  is  its  collecting  power,  the  more  light  does  it  gather  in 
its  focus.  In  the  eye,  the  area  of  the  pupil  determines  the 
breadth  of  the  pencil  of  light  that  falls  uix)n  the  lens.  If  this 
area  was  invariable,  the  retina  would  either  be  '  dark  from  excess 
of  light '  in  bright  sunshine,  or  dark  from  defect  of  light  in  dull 
weather  or  at  dusk.  In  order  that  the  iris  may  act  as  an  efficient 
diaphragm  it  must  be  pigmented,  and  it  is  the  pigment  in  it 
which  gives  the  colour  to  the  normal  eye.  The  vision  of  albinos, 
in  whose  eyes  this  i>igment  is  wanting,  is  often,  though  not 
invariably,  deficient  in  sharpness.  There  is  always  intolerance 
of  bright  light  ;  and  the  same  is  true  in  the  condition  known  as 
irideremia.  or  congenital  absence  or  defect  of  the  iris. 

(2)  Another,  and  perhaps  equally  imjwrtant,  function  of  the 
iris  is  to  cut  off  the  more  divergent  rays  of  a  iwncil  of  Iit;ht 
fallinf^  upon  the  eye, 
and  thus  to  increase 
the  sharpness  of  the 
image.  This  leads 
us  to  the  considera- 
tion of  certain 
defects  in  the  diop- 
tric arrangements  of 
the  eye. 


F>o.  345' — Sphkricai.  Abcrratiom. 

Rays  passing  through  the  more  peripheral  parts  of 
a  liicoiivex  lens  L  arc  brouifht  to  a  focus  F  iir.irer  the 
tens  than  F'.  the  focus  of  rays  passing  through  the 
ceatral  portions  of  the  triu> 


Defects  of  the  Eye 
as  an  Optical  Instru- 
ment.— ( I )  Spherical 
Aberration.  —  It  is  a 
pro|>crty  of  a  spheri- 
cal refracting  surface 

that  rays  of  light  passmg  ihrougii  the  ivriphcral  portions  arc  more 
strongly  refracted  than  rays  jvissing  near  the  principal  axis.  Hence 
a  luminous  point  is  not  focussod  accurately  in  a  single  point  by  a 
spherical  lens  :  the  image  is  surrounded  by  fainter  circles  of  light, 
tnc  so-called  circles  of  diffusion  representing  the  ra\'s  which  have 
not  yet  come  to  a  focus,  or  liaving  t>cen  already  h^cussed  have 
crossed  and  are  now  diverging.  In  the  eye  this  spherical  abeiTatinn 
is  partly  corrected  by  the  interposition  of  the  iris,  which  cuts  ofi 
the  more  peripheral  rays,  especially  in  accommodation  for  a  near 
object,  when  they  are  most  divergent.  In  addition,  the  anterior 
surfaces  of  the  cornea  and  lens  are  not  segments  of  spheres,  but  of 
ellipsoids,  so  that  the  curvature  diminishes  somewhat  with  the 
distance  from  the  optic  axis.  and.  therefore,  the  refracting  power 
as  wc  pass  away  from  the  axis  does  not  increase  so  rapidlv  as  it 
would  do  if  the  surfaces  «w  ■***•- rical.     Further,  the  refractive 

index  of  the  periph*  '*  than  tliat  of  its  central 

portions. 
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(2)  Chromatic  Aberration.— All  the  rays  of  the  spectrum  do itf 

travel  wilh  ilie  same  velocity  through  a   lens,   ana  are.  thejrte. 
unequiUly  refracted  by  it.  the  short  \iolet  rays  being  focussc^  r^-**^ 
the  lens  than  the  long  red  rays.     It  was  at  one  time  supposol'— 
this  chromatic  aberration,  as  it  is  called,  is  compensated  in  ?hf  c*' 
and  it  is  said  that  this  mistake  gave  the   first  hint  that  Ncwtis' 
dictum  as  to  the  proportionality  between  deviation  and  dispcf»a 
was  erroneous,  and  led  to  the  discovery  of  achromatic  lenses.    & 
reaUt>'  the  eye  is  not  an  achromatic  combination  ;  and  the  ^Hokt 
are  focussed  about  i  mm.  in  front  of  the  red.      Thus,  in  Fli" 
the  white  light  passing  through  the  lens  is  broken   up 
stituents :  the  violet  focus  is  at  V.  and  tlie  red  at  R,  b^ 
screen  placed  at  K  would  show  not  a  point   image,    but  a  i.<iiu*i 
}X)int  surrounded  by  concentric  circles  of  the  spectral  colours,  wia 
violet  outside.     If  the  screen  was  placed  at  V,  the  centre  wonMU 
\  lolet  and  the  red  would  be  external.     For  thiA  reason  it  is  imposifaii 
to  f(xus  at   !hc  snme   time   and  %v'ith  perfect  sharpness  ob]       ~^ 


Fio,  346.~CiiRO«ATic  Aberration. 

The  Wolet  rays  are  bnmght  to  a  focus  V 
nearer  the  Irns  than  R,  the  focus  of  the  rwl 
r.nys. 


Fto-    34  7-— To    SHDv    l^nro* 

SION    IS    EVB    (v.    BuOUrt 

View  the  5f;urc  lro«  i  6^ 
tancr  tno  ^m^M  U^  aocoonmfidft- 
tion.  ApproacJi  lUe  rre  te- 
warcU  It  ;  ihc  white-  rinft  jppts 
binlsb  iiwiag  to  cirvk*  of  db- 
jvrsion  fallin«r  on  them— e^ 
circles  of  \i%ht  of 
coloun  due  to  the 
tion  of  white  Ugbl 
spectral  constituents 
media  of  the  e\-e.  A 
closer,  and  the  bUck 
come  white  or  yellowisli. 

different  colours  :  a  red  liRht  on  a  railway  track  appears  nearer  tl 
blue  light,  jjartly  perhaps  for  the  reason  that  it  is  neccssar\'  to 
inoflate  more  stiongly  lor  the  red  tlian  for  the  blue,  and  We 
stronger  accommodation  uith  shorter  distance  of  the  object,  althoo^ 
otlier  data  are  also  involved  in  such  a  visual  judgment.  When  we 
look  at  a  wliite  gas-flame  through  a  cobalt  glass,  which  allou-s  only 
red  and  violet  to  pass,  we  see  cither  a  red  flame,  surrounded  bv  a 
violet  ring,  or  a  violet  flame  surrounded  by  a  red  ring,  nccordinj^  as 
we  focus  for  the  red  or  for  the  violet  rays.  The  dispcrsixe  poi 
of  the  eye,  however,  is  so  small,  and  the  capacit>*  of  rapidlv  alter 
its  accommodation  so  great,  that  no  practical  inconvenience  rwi 
from  the  lack  of  achromatism,  which,  however,  may  be  eai_ 
demonstrated  by  looking  at  a  pattern  sucli  as  that  in  Fig.  ^47  ^t- 
distance  too  small  for  exact  accommodation- 
It  is  also  reckoned  among  the  optical  imperfections  of  the 
(jt)  that  the  cuned  surfaces  of  the  cornea  and  lens  do  not  form' 
'  centred  '  system — that  is  to  say,  their  apices  and  Ihcir'Ventres' 
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curvature  do  not  all  lie  in  the  same  straight  line  ;  (4)  that  the  pupil 
is  ecccatric,  being  situated  not  exactly  opposite  the  middle  of  the 
lens  and  cornea,  but  nearer  the-  nasal  Mde,  and  that  in  consequence 
the  optic  axis^  or  straight  line  joinui^^  the  centres  of  curvature  of  the 
lens  and  cornea,  docs  not  coincide  -with  the  visual  axis^  or  straight 
line  joining  the  fovea  centialis  with  the  centre  of  the  pupil,  which  is 
aLso  the  straight  line  joining  the  centre  of  the  pupil  and  any  point  to 
which  the  eye  is  directed  in  vision.  The  angle  t>ctwecn  the  optic 
and  visual  axis  is  about  5"  (Hig.  337).  (5)  Muscje  vnlitantes,  the 
curious  bead-like  or  fibrilUir  forms  tiriat  so  often  flit  in  the  visual  fteld 
when  one  is  looking  through  a  microscope,  are  the  token  that  the 
refractive  media  of  the  eye  are  not  perfectly  transparent  at  all  parts  ; 
they  seem  to  be  due  to  floating  opacities  in  the  vitreous  humour, 
probably  the  remains  of  tlie  emliryonic  cells  from  which  the  vitreous 
body  was  developed.  (6)  T  astly,  it  may  be  mentioned  that  slight 
irregularities  in  the  curvature  of  the  lens  exist  in  all  eyes,  so  that  a 
point  of  light,  like  a  star  or  a  distant  street-lamp,  is  not  seen  as  a 
mint,  but  as  a  point  surrounded  by  rays  (irregular  astigmatism).  In 
orinping  this  reWew  of  the  imperfections  of  the  dioptric  media  of  the 


Fig.  348. — RcrRACTiON  in  the  (Nomcal)  Ehhktiiopic  Evi. 

The  image  P'  of  a  difltont  point  P  falls  on  the  retina  when  the  eye  is  not  accommo- 
dated.    To  aave  space,  P  is  placed  ruucb  too  near  the  eye  in  Fig«.  34B,  349. 

normal  eye  to  a  close,  it  may  be  well  to  explain  that  what  arc  defects 
from  the  point  of  view  of  the  student  of  pure  optics  are  not  neces- 
sarily defects  from  the  freer  standpoint  of  the  phjTiiologist,  who 
surveys  the  mechanism  of  vision  as  a  whole,  the  relations  of  its 
various  parts  to  one  another  and  to  the  needs  of  the  organism  it  has 
to  serve,  the  long  series  of  developmental  changes  through  which  it 
has  come  to  be  what  it  is,  and  the  possibilities,  so  far  as  we  can  limit 
them,  that  were  open  to  evolution  in  the  making  of  an  eye.  The 
optician  may  perhaps  assert,  and  with  justice,  that  he  could  easily 
have  made  a  better  lens  than  Nature  has  furnished,  but  the  physio- 
logist will  not  readily  admit  that  ho  could  have  made  as  good  an  eye. 

Whil€  the  defects  hitherto  mentioned  are  shared  in  greater 
or  less  degree  by  every  normal  eye,  there  are  certain  other 
defects  which  either  ocair  in  such  a  comparatively  small  number 
of  eyes,  or  lead  to  such  grave  disturbances  of  vision  when  they 
do  occur,  that  they  must  h**  r.    *  .  abnormal  conditions. 

In  the  normal  or  emm^  — and  for  this 
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purjx>se  all  rays  coming  from  an  object  at  a  distance  greater 
than  65  metres  may  be  considered  parallel — are  brought  to 
focus  on  the  retina  without  any  effort  of  accommodation, 
distance  at  which  objects  can  be  distinctly  seen  is  only  limit 
by  their  size,  the  clearness  of  the  atmosphere,  and  the  curvat 
of  the  earth  ;  in  other  words,  the  punctum  remotutn,  or  far-[>om' 
of  vision,  the  most  distant  point  at  which  it  is  |>ossible  to 
with  distinctness,  is  practically  at  an  mfinite  distance.     \Vh 
accommodation  is  paralyzed  by  atropia,  only  remote  objects 
can  be  clearly  seen.     On  the  other  hand,  the  normal  eye,  or, 
be  more  precise,  the  normal  eye  of  a  middle-aged  adult,  can 
adjusted  for  an  object  at  a  distance  of  not  more  than  12  cm 
(or  5  inches).     Nearer  than  this  it  is  not  jwssible  to  see  dis- 
tinctly ;  this  point  is  accordingly  called  the  punctum  proximttm 


Mvopic  hve. 

The  image  P*  of  a  distant  point  P  lolls  in  front  of  \  hr  rrtlntt.  even  without  accr.ra- 
niudation.  By  means  of  a  concave  lens  L  the  imagr  may  he  inad«  to  f.ill  oa  tbfi 
retina  fdctlMl  linn). 

or  near-point.    The  range  of  accommodation  for  distinct  visi 
in  the  emmetropic  eye  is  from  12  cm.  to  iniinity. 

Myopia,  or  short-sightedness,  is  generally  due  to  the  excessi 
lengtli  of  the  antero-postenor  diameter  of  tlie  eyeball  m  relati 
to  the  converging  power  of  the  cornea  and  the  lens.  Even  in 
the  absence  of  accommodation,  parallel  rays  are  not  focussed 
on  the  retina,  but  in  front  of  it  ;  and  in  order  that  a  shaqi  image 
may  l->e  formed  on  the  retina  the  object  must  be  so  near  that  I 
rays  proceeding  from  it  to  the  eye  arc  sensibly  divergent — th 
is  to  say,  it  must  be  at  least  nearer  than  65  metres — but  as 
rule  an  object  at  a  distance  of  more  than  2  to  3  metres  cann 
be  distinctly  seen.  With  the  strongest  accommodation  t 
near  }X)int  may  be  as  little  as  3  cm.  from  the  eye.  Tlie  nvn 
of  vision  in  the  myopic  eye  is  therefore  very  small.     The  <J«i 
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may  be  corrected  by  concave  glasses,  which  render  the  rays 
more  divorgent.  It  is  to  be  noted  that  many  cases  of  internal 
squint  in  children  are  connected  with  myopia,  the  eyes  nece^i- 
sarily  rotating  inwards  as  they  are  made  to  fix  an  abnormally 
near  object.  The  treatment  both  of  the  squint  and  the  myopia 
in  these  cases  is  the  use  of  concave  spectacle?  (Fip.  J49).  Myopia, 
althotigh  a  condition  that  shows  a  distinct  hereditary  tendency, 
is  rarely  present  at  birth ;  the  elongation  of  the  antero- 
posterior diameter  of  the  eyeball  develops  gradually  as  the 
child  grows. 

In  hypermetropia,  or  long-sightedness,  the  eye  is,  as  a  rule. 
too  short  m  relation  to  its  converging  power  ;  and  with  the  lens 
in  the  position  of  rest,  parallel  rays  would  be  focussed  behind 
the  retina.  Accordingly,  the  hypennelropic  eye  must  accouimo* 
date  cvpn  for  distant  objects,  while  even  with  maximum  ^rcom- 


Fir..    J50.  — HVPtHMlLTItOIMf     KVE. 

Th;  image  P'  of  a  pnini  P  ialls  brhind  the  rrtina  in  the  unarromnodHtrd  ry». 
By  me^ins  of  a  convex  Ipos  L  it  may  be  incusAed  oa  the  ntina  without  accom- 
modation (dotted  lines). 

modation  an  object  cannot  be  distinctly  seen  unless  it  is  farther 
away  than  the  near-point  of  the  emTnetropic  eye.  The  far- 
point  of  distinct  vision  is  at  the  same  distance  as  in  the  emme- 
tropic eye — viz.,  at  infinity — the  near-|X)int  is  farther  from  the 
eye.  The  defect  is  corrected  by  convex  glasses  (Fig.  350). 
Hypermetropia,  unlike  myopia,  is  present  at  birth. 

Presbyopia,  or  the  long-sightedness  of  old  age,  is  not  to  be 
confounded  with  hypermetropia.  It  is  essentially  due  to 
failure  in  the  power  of  accommooation,  chiefly  through  weakness 
of  the  ciliary  muscle,  but  partly  owing  to  increase:!  rigidity 
and  loss  of  elasticity  of  the  lens.  Images  of  distant  objects  arc 
still  formed  on  the  retina  of  the  unaccommodated  eye  with 
perfect  sliarpness — i.^^.,  the  far- point  of  vision  is  not  afiected. 
But  the  eye  is  unable  to  accommodate  suflRcipn*'-  '     '^vs 

diverging  from  an  object  at  the  ordin» 
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words,  the  near-point  is  farther  away  than  normal.      Conv 
glasses  are  again  the  remedy. 

The  near-jKjint  of  distinct  vision  can  be  fixed  in  \^rioiis  wai 
— among  others,  by  means  of  Scheiner's  experiment  (Practi< 
Exercises,  p.  863).  Two  pin-holes  are  pricked  in  a  card  at 
distance  less  than  the  diameter  of  the  pupil.  A  needle  vieued 
through  the  holes  appears  single  when  it  is  accommodated  for, 
double  if  it  is  out  of  focus.  The  near-point  of  vision  is  the 
nearest  point  at  which  the  needle  can  still,  by  the  strongest 
effort  of  accommodation,  be  ^een  single. 

Astigmatism. — It  has  been  mentioned  that  slight  differences 
of  curvature  along  different  meridians  of  the  refracting  surfaces 
exist  in  all  eyes.  But  in  some  cases  the  difference  in  two 
meridians  at  right  angles  to  each  other  is  so  great  as  to  amount 
to  a  serious  detect  of  vision.  To  this  condition  the  name  o( 
*  astigmatism  '  or  *  regular  astigmatism  '  has  been  giveti.  It 
usually  due  to  an  excess  of  curvature  in  the  vertical  merii 

of  the  coniea,  less  li 

quently  in  tlie  horironi 
meridians  :  occa^iional 
the  defect 
Kays  pro  I  <^ 
]>oint  are  not  loci 
ill  a  point,  but  oloi 
two  lines,  a  horixoo' 
and  a  vertical,  the 
zontal  linear  focas  be 
in  front  of  the  oth< 
when  the  vertical  cur\'S 
lure  is  too  great,  behind  it  when  the  horizontal  curvature 
excessive.  The  two  limbs  of  a  cross  or  the  two  hands  oi 
clock  when  they  are  at  right  angles  to  each  other  cannot 
seen  chstinctly  at  the  same  time,  although  they  can  be  succ< 
sively  focussed.  The  condition  may  be  corrected  by  glas< 
which  are  segments  of  cylmders  cut  parallel  to  the 
(Practical  Exercises,  p.  865). 

The  Ophthalmoscope. — ^The  pupil  of  the  normal  eye  is  darl 
and  the  interior  of  the  eye  invisible,  without  special  means 
illuminating  it.     But  this  is  not  because  all  the  light  that  U 
upon  tlie  fundus  is  absorbed  bv  the  pigment  of  the  choroid,  U 
even  tlie  pupil  ot  an  albino  aj>pears  dark  when  the  eye  is  coven 
by  a  piece  of  black  cloth  with  a  hole  in  front  of  the  pupil.    Tlie 
explanation  is  as  follows : 

Let  the  rays  from  a  luminous  point,  P,  be  focussed  by  t 
L.  at  P'  (Fig.  351).  It  is  plain  that  rays  proceeding  ; 
will  exactly  retrace  the  path  of  those  from  P  and  be  focussed 


Fig.  351. 
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P.  Now,  the  eye  receives  rays  from  all  directions,  and,  when 
it  is  sufficiently  well  illuminated,  sends  rays  out  in  all  direc- 
tions. The  moment,  however,  that  the  obsfr\Mng  eye  is  placed 
in  front  ol  the  obser\"ed  eye.  the  latter  ceases  to  receive  light 
from  the  part  of  the  field  occupied  by  the  pupil  of  the  former, 
and  therefore  ceases  to  reflect  light  into  it. 

This  diflftculty  is  avoided  by  the  use  of  an  ophthalmoscopic 
mirror.  The  original,  and  theoretically  the  most  jxjrfect,  form 
of  such  a  mirror  is  a  plate,  or  several  suj>erposed  plates,  of  glass, 
from  which  a  beam  of  light  from  a  laterally  placed  candle  or 
lamp  is  reflected  into  the  observed  eye,  and  through  which  the 
eye  of  the  observer  looks  (Fig.  35:2).  But  the  illumination  thus 
obtained  is  rom]>a''ative1v  faint  :  an<f  a  concave  mirror  is  now 


p,,,.     33:.^Fi,.l  kt     to    ILLrMKMb     nil.      I'KISCII-LL     OF     THE     OPII  III  AIMOStOPK. 

Kav«  of  light  from  a  point  V  arc  rcflettcJ  by  a  x^ss  plate  M  (wveial  plates 
together  in  Helmholtz's  original  funnl  into  the  ob«er\-ed  eye  E*.  Their  focus 
would  (all,  ai  shown  in  the  figure,  at  P'.  a  little  behind  the  retina  of  E.  The 
portion  of  the  retina  AB  h  therefore  iUuotinalcd  by  diffusion  circle*  ;  and  the 
rays  from  a  p»jint  of  it  F  will.  It  F.'  is  emmetropic  and  unaccommodated,  iwue 
parallel  from  E'  mid  be  brt>ugbt  lo  a  (or.u»  at  F'  on  the  retina  of  the  (emmetropic 
and  unaccommodated)  observing  eye  E. 

generally  used.  In  the  centre  is  a  small  hole  or  a  small  unsilvered 
portion  of  the  mirror  for  the  ol>server's  eye.  In  the  direct 
method  of  examination  (Fig.  35J).  the  mirror  is  held  close  to 
the  obser\'ed  eye,  and  an  erect  virtual  image  of  the  fundus  is 
seen.  When  the  eye  of  the  observer  and  of  the  patient  are  both 
emmetropic,  and  both  eyes  are  unaccommodated,  the  rays  of 
light  proceeding  from  a  point  of  the  retina  of  the  observed  eye 
are  rendered  parallel  by  its  dioptric  media,  and  are  again  brought 
to  a  focus  on  the  observer's  retma. 

If  the  observed  eye  is  myopic,  the  rays  of  light  coming  from 
a  point  of  the  retina  leave  the  eye,  even  when  it  is  unaccommo- 
dated, as  a  convergent  j)encil ;  and  the  emmetropic  non- 
accommodated  eye  of  the  observer  must  have  a  • 
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placed  before  it  in  order  that  the   fundus  may  be 


seen. 


When  the  observed  eye  is  hypermetropic,  the  iA\%  ^ 
from  the  unaccommodated  eye  are   divergent,   and  a 


Light  fallme  on  th*?  perfnrated  concave  mirror  M  pass<!^  int.*  r).-  .j^^.-,A 
f  ;  nnd,  both  E'  aiid  the  ub&crving  eve  K  beinf*  »iipp<>5ed  emu 
comniodated,  an  erect  WrtunI  image  of  the  iUuminatett  ntUtLa  ^>i 

lens,  the  strength  of  which  is  proportional  to  the  amount 
hypermetropia,  must  be  placed  before  the  ohser\-er's  unaocwn- 
niodated  eye  if  lit*  is  to  see  the  fundus  distinctly.     By  aoc4 


Pic.  354. — Use  or  the  Ophthalmoscope  f  Direct  MKTitoD}  for  rvsnicc  Eooo 
OF  Kefractios  is  Mvopic  Eve. 

Rays  i&suing  frnm  n  p«^iiit  of  thp  rrtina  off  E',  the  observed  |mvr»i>ir  aml*iin- 
arcommodaled)  eye.  pass  out,  not  ptirallcl.  but  runvcrgent.     Thr\  nill  th( 
be  ftictis&ef)  in  front  of  the  retina  of  thf>  observing  (itnarctimn 
the  latter  Is  emmetropic.     By  iiitrodtirinit  a  concave  lens  L  of  - 
however,  a  clear  view  of  the  retina  of  V.'  will  be  obtained,  and  the  streit^ih  oT 
lens  is  the  measure  of  the  amount  t»f  myopia. 

dating,  the  observer  can  see  the  fundus  clearly  without  a  convi 
lens. 

By  this  method  errors  of  refraction  in  the  eye  may  be  detected 
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and  measured.  Tht*  obser\'er  must  always  keep  his  eye  un- 
a'~cominodated,  and  if  it  is  not  emmetropic,  he  must  know  the 
amount  of  his  &hort-  or  long-sightedness — i.^..  the  strength  and 
sign  of  the  lens  needed  to  correct  his  defect  of  refraction,  and 
must  allow  for  this  in  calculating  the  defect  of  his  patient. 
Non-accommodation  of  the  eye  of  the  latter  can  always  be 
secured  by  the  use  of  atropia. 

By  the  direct  method  of  ophthalmoscopic  examination,  only 
a  small  |K>rtion  of  the  retina  can  be  seen  at  a  time,  and  this  is 
higJUy  magnified.  A  larger,  though  less  magoified,  view  can 
be  got  by  the  indirect  method.  The  observed  eye  is  illuminated 
as  before,  but  the  mirror  and  the  observer's  eye  are  at  a  greater 
*  distance  (Fig.  356).  Here  the  rays  from  a  considerable  portion 
of  the  retina  are  brout^ht  to  a  ftjtus  by  a  convex  lens  held  near 


Fig.  355. — Tbstino  Errors  or  KerRACTiON  ih  HyrcRMKTRoric  Evi.    • 

Ra>'«  from  a  point  of  the  retina  of  E'.  the  observed  eye.  issue  divergent,  and  arc 
focusscd  behind  thr  retina  of  the  observing  (unaccomra-xldted  and  eninietntpic) 
eye  E.  The  strength  of  the  convex  leas  L.  which  must  be  introduced  in  front  of 
E  to  give  clear  vision  of  the  retina  of  E',  measures  the  degree  ol  hypermetroptA. 

the  eye  of  the  i»atient,  so  as  to  form  a  real  and  inverted  aerial 
image  of  the  retina.  This  image  is  viewed  by  the  observer  at 
his  ordinary  visual  distance.  It  is  not  necessary  m  this  method 
that  the  observed  eye  should  be  non-accommodated,  although 
it  is  convenient  as  in  the  direct  method  to  cause  dilatation  of 
the  pupil  by  atropia,  which  also  relaxes  the  accommodation 
(Practical  Exercises,  p.  868). 

Skiascopy. — To  a  great  extent  the  ophthalmoscopic  method 
of  measuring  errors  of  refraction  has  been  replaced  by  the  more 
modern  method  of  skiascopy  (shadow  test).  It  de|>ends  ujMjn 
the  following  observation  :  When  one  throws  light  from  a  little 
distance  with  a  concave  mirror  into  an  obserx-ed  eye  and 
rotates  the  mirror  slowly  around  the  long  axis  of 
one  sees  that  the  pupil,  which  at  first  was  complctt 


808 


A  MANUAL  OF  PHYSiOLOGY 


becomes  dark  from  one  side  as  if  covered  by  a^sliadov. 
shadow  will  move  in  the  same  direction  in  which  the  minor 
rotated  or  in  the  opposite  direction,   according   to  whether 
obser\'er  is  farther  from  the  observed  eye   than  its  far- point  f^ 
between  the  eye  and  the  far- point.      If   the  obser\-er  is  Ciaclirj 
at  the  far-jwint,  no  direction  of  movement  of  the  shadow  on 
made  out,  but  the  pupil  in  its  whole  extent  i^;  either  illuminit 
or  altogether  dark.     In  this  way  the  distance  of  the  far-poim 
a  myopic  eye  can  be  easily  determined  by  a   metre  rule,  and' 
from  this  the  degree  of  myopia.      If  tlie  far-point  is  either  wfl 
near,  as  in  strong  myopia,  or  too  distant,  as  in  weak  myopit 


Kiii.  356. — Indirect  MtriiuP  of  tsiNc  th»:  UriiTMALMoscon;. 
The  ra>'s  of  light  issuing  from  E\  the  observed  eye.  are  frjciwsed  by  the  ticoft%TX 
Iciu  L,  and  a  real  inverted  image  of  a  portion  of  the  retina  of  K'.  magnified  tour 
or  five  times,  is  formed  in  the  air  between  the  lens  and  the  nbservinK  e>-c  F.  This 
image  is  viewed  by  H  at  the  ordinary  distance  of  distinct  vision  (10  to  ti  tncbc^, 
(The  exnggeration  of  the  size  of  the  mirror  makes  it  appear  as  if  some  of  th*  raj 
from  the  lamp  passed  throtiKh  the  lens  before  beluR  reflected  from  the 
ThU  would  not  be  the  case  in  on  actual  ohservatioo.) 

and  cmmetropia,  or  behind  the  observed  eye,  as  in  hypermetroj 
it  can  be  brought  to  a  convenient  distance  by  interposing  suil 
able  lenses.     The  observer  then  determines  the  far-point  exact 
by  moving  his  eye  nearer  to  or  farther  from  the  observed  ei 
or,  keeping  his  own  eye  fixed,  by  bringing  the  far-point  of 
observed  eye  to  coincide  with  it  by  inserting  lenses  (Practi< 
Exercises,  p.  870). 

The  phenomenon  depends  upon  the  interruption  which  the  \\g\ 
proceeding  from  the  observed  retina  exi>criences  first  at  the  mar£ 
of  the  pupil  of  the  observed  eye,  and  then  at  the  margin  of  the  he 
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in  the  mirror  or  of  the  obser\'cr's  pupil.    When  the  mirror  is  rotated. 

an  illuminated  i>oint  of  the  observed  retina  will  move  in  the  opposite 
direction  over  the  retina.*  The  light  proceeding  from  tliis  point 
when  the  observed  eye  is  emmetropic  is  so  refracted  by  tlie  lens  and 
cornea  tliat  it  leaves  the  eye  as  a  bundle  of  parallel  rays  in  the 
direction  of  the  image  of  the  source  of  light  (L'j  (Fig.  357).  If  the 
image  of  the  flame  reflected  by  the  mirror  is  situated  on  the  princij^ 
axis  oi  the  observer's  eye,  and  if  the  pupils  of  observed  and  observer 
are  of  cnual  size,  all  the  rays  cominR  from  the  observed  retina  will 
fall  on  the  observer's  retina,  and  therefore  the  whole  pupil  of  the 
observed  eye  will  appear  lipht.  H  the  mirror  is  now  rotated  so  tliat 
the  image  of  the  source  of  light  moves  away  from  the  principal  axis, 
and  the  ilhiniinating  rays  are  no  longer  in  that  axis,  the  illuminated 
point  will  move  in  the  opposite  direction  from  the  principal  axis, 
and  the  light  returnmg  from  the  pupil  ol  the  observed  eye  will  again 
issue  in  the  direction  oi  the  image  of  the  source  of  light.  It  can 
then  happen  that  none  of  the  rays  hit  the  observer's  pupil,  and  the 
observed  pupil  will  appear  entirely  dark.     Or  the  direction  of  the 


Fic  357. — Path  of  Rays  in  Skiascopy  <Snei4.sn). 

U,  obfterved  eye  ;  Bt,  eye  of  observer  ;  Sp,  mirror  ;  L,  source  of  light ;  L* 
oftbe  so  urrc  of  light  ;  A,  A\  principal  axis  ;  F,  P",  pupils. 

rays  may  be  such  that  a  portion  of  them  enters  the  observer's  pupU, 
the  rest  being  interrupted  by  its  border.  In  this  case  the  part  of 
the  observed  pupil  from  which  rays  enter  the  observer's  pupil  wtU 
appear  light,  wlule  the  rest  is  dark.  From  Fig,  357  it  can  uc  seen 
tliat  the  light  |>art  of  the  observed  pupil  is  on  the  opposite  side  of 
the  principal  axis  from  the  image  of  the  source  of  light.  If,  therefore, 
the  image  of  the  source  of  light  moves  to  the  right  (by  rotation  of 
a  concave  mirror  to  the  right,  or  rotation  of  a  plane  mirror  to  the 
left)  the  skiascopic  appearance  in  the  observed  pupil  moves  to  the 
left — i.e.,  in  the  opposite  direction  to  the  image  of  the  source  of  light. 
If  the  observed  ]5\ipil  is  myopic— 1.^..  if  its  far-jxiint  is  between 
the  obser\-er  and  the  oDserved  ej-e,  rotation  of  the  mirror  so  far  from 
the  principal  axis  tliat  only  a  part  of  the  rays  issuing  from  the 
observed  pupil  enter  the  observer  s  eye.  will  cause  the  pupil  to  appear 

•  When  a  concave  mirror  is  rotatetl  to  the  right,  the  inverted  real  mirror 
image  also  moves  to  tlic  right,  oud  tlie  iltuniinatcd  point  to  the  left. 
When  a  plane  mirror  i!«  »■"*  *"  'He  rii;lit,  the  virtual  uiirrur  image 

moves  to  the  left,  »n  on  the  retina  therefore  to  the 

right. 
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light  only  on  one  side,  and  on  account  of  the  crossing  of  the  rays  this 
illuminated  portion  will  be  on  the  same  side  of  the  principal  axis 
as  the  image  of  the  source  of  light  (Fig.  358).  When  the  image  of  the 
source  of  light  is  moved  to  the  right  the  light  area  of  the  obser^-ed 
pupil  will  also  move  to  the  right — i.e.,  with  rotation  of  a  coaca\'e 
mirror  in  the  same  direction  as  the  image  of  the  source  of  light,  and 
with  rotation  of  a  plane  mirror  in  the  opposite  direction  (Snellen) 

A  method  of  photographing  the  retina  in  the  living  eye  which 
has  recently  been  employed  with  success  by  Dogiel  bids  fair 
to  become  an  important  supplementary  means  of  investigating 
the  fuiidus. 

Single  Vision  with  Both  Eyes —Diplopia. — Scheiner*s  ex- 
])enment  shows  that  it  is  possible  to  have  double  vision,  or 
diplopia,  with  a  single  eye  when  two  separate  images  of  the 
same  object  fall  upon  different  parts  of  the  retina.  In  \Tsion 
with  both  eyes,  or  binocular  vision,  an  image  of  every  object 


P' 

V\-;.    ^^i.s.    -!'.\n(  or   Mw-^  i\  Skiascopy  (Myopic  Eve)  (Snellkx). 
/>A'.  f;ii-[toitit  "f  ifb-'-rv  ((i  t.y«-.     Tin-  t»thor  references  arc  as  in  Fig.  357. 

looked  ;'.t  is.  of  ((mrse.  formed  on  each  retina,  and  we  have  lo 
in(iuin'  how  it  is  that  as  a  ruU'  these  images  are  blended  in  con- 
srinusiie>'^  so  as  to  prodiur  tlie  percei)tion  of  a  single  object; 
and  how  it  is  that  undor  (ortain  conditions  this  blending  doe< 
not  taki-  place,  and  diplopia  results.  Two  chief  theories  have 
been  invoked  in  tlie  atttiupt  to  answer  these  questions  :  (i)  the 
theory  ot  identical  points.  (2)  tlie  theory  of  projection. 

In  regard  to  the  secf>nd  theory,  wc  shall  merely  say  thai  it 
assumes  that  in  some  way  or  other  the  retina,  or,  rather,  the 
retino-cerebral  aj)j)aratus,  has  the  power  of  appreciating  not 
only  the  shajx'  and  si/e  ot  an  imaije.  but  also  the  direction 
of  the  ra\s  of  light  which  torin  it,  and  that  the  position  of 
the  (tbject  is  arrived  at  by  u  process  of  mental  projection  ot 
the  image  into  space  along  these  directive  lines.  Where  the 
<lirective  lines  ol  the  two  eye<  cut  each  other  the  two  images 
coincide,  and   the  object    is  >eeii  single  in  the  ].)Osition  of  the 
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IKjint   of    intersection.      Tlie  first  theory  we  shall  examine  in 
some  detail. 

The  Theory  of  Identical  Points. — This  theory  assumes  that 
everv'  point  of  one  retina  '  corresponds  '  to  a  definite  point  of 
the  other  retina,  and  that  in  virtue  of  this  corres|X)ndence, 
either  by  an  inborn  necessity  or  from  experience,  the  mind 
refers  simultaneous  impressions  upon  two  corresponding  or 
identical  points  to  a  single  point  in  external  S]^cc,  If  we 
imagine  the  two  retinje  in  the  position  which  the  eyes  occupy 
when  fixing  an  infinitely  distant  object — that  is,  with  the 
visual  a.xes  parallel — to  be  sui>er|x>sed,  with  fovea  over  fovea, 
every  point  of  the  one  retina  will  be  covered  by  the  corresjKinding 
point  of  the  other  retina,  so  that  identical  points  could  be  pricketl 
through  with  a  needle.  But  since  the  actual  centre  of  the  retina 
does  not  correspond  with  the  fovea  centralis  (Fig.  337).  but 
lies  nearer  the  nasal  side,  the  nasal  edge  of  the  left  retina  will 
overlap  the  temporal  edge  of  the  right,  and  the  nasal  edge  of 
the  rip:ht  will  overlap  the  temporal  edge  of  the  left ;  so  that  a 
jwirt  of  each  retina  has  no  corresjMjnding  points  in  the  other. 

The  adherents  of  this  theory  claim,  and  with  justice,  that  a 
small  object  so  situated  that  its  image  must  be  formed  on  cor- 
responding points  of  the  two  retime  does,  as  a  rule,  apj^ear  single, 
and,  what  is  even  more  striking,  that  a  phosphene,  or  luminous 
ring  produced  by  pressing  the  blunt  end  of  a  pencil  or  the 
finger-nail  on  a  \io'mi  of  the  globe  of  one  eye  (which  Newton 
compared  to  the  circles  on  a  peacock's  tail),  is  not  doubled  by 
pressure  over  the  corresjxjnding  point  of  the  other  eye,  although 
two  circles  are  seen  when  pressure  is  made  u|xjn  |x>ints  which 
do  not  correspond.  If  in  rotating  the  eyes  one  eye  is  prevented 
by  pressure  with  the  finger  from  following  the  movement  of  the 
other,  there  is  double  vision.  When  strabismus  or  squinting 
is  produced  by  paralysis  of  the  third  (p.  720)  or  the  sixth  cranial 
ner\'e  (p.  jz^),  it  is  accompanied  by  diplopia,  imtil  in  course  of 
time  the  mind  learns  to  disregard  one  of  the  images.  In  some 
cases  of  squint  the  double  images  are  never  completely  sup- 
pressed, but  a  new  abnormal  fomi  of  visual  localization  is 
developed,  which,  however,  very  seldom  permits  any  accurate 
judgment  of  depth.  In  strabismus  it  is  obvious  that  the  two 
images  of  an  object  cannot  fall  on  corresponding  ^*oints. 

But  it  IS  also  a  fact  that,  under  certain  conditions,  images 
situated  on  corrc=  -^  -^  r  points  may  not,  and  that  images 
not  situated  on  C'  ling  )x>ints  may,  give  rise  to  a  single 

w  f  one  of  tl\e  closed  eyes  be  held 

t&ition  by  the  finger,  pressure  on 

:ive5  rise  to  two  separate  phos- 

^^^^^m  lomena  of  stereoscopic  vision 
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(p.  813)  show  clearly  that  images  falling  on  jwinls  not  strictly 

corresponding  may  give  a  single  impression  ;  while  we  do  not 
habitually  see  double,  although  it  is  certain  that  the  images  of 
multitudes  of  objects  are  constantly  falling  on  points  of  tbo' 
retina  not  anatomically  '  identical.'* 

Tlie  question  therefore  arises,  How  is  it  that  we  do  not  see 
these  double  images  ?  This  is  one  of  the  difficulties  of  the 
theory  of  identical  points.  The  following  is  a  partial  explana- 
tion :  (i)  The  ima^e^  of  objects  in  the  portion  of  the  field  most 
distinctly  seen — that  is>  the  ^Mjrtion  in  the  immediate  neigh- 
bourhood of  the  intersection  of  the  visual  lines,  or  the  part  to 
which  the  ga?e  is  directed — are  formed  on  identical  ix)ints ; 
and  by  rapid  movements  the  eyes  fix  successively  different  parts 
of  the  field  of  view.  (2)  Vision  grows  less  distinct  as  we  pass 
out  from  the  centre  of  the  retina,  and  we  are  accustomed  to 
neglect  the  blurred  [>eri)»heral  images  in  comparison  with  those 
formed  on  the  fovea,  (j)  When  the  images  of  an  object  do  not 
fall  on  identical  points,  one  of  the  points  on  which  they  do  fall 
may  be  occupied  with  the  images  of  other  objects,  some  of 
which  may  he  so  boldly  marked  as  to  enter  into  conflict  with 
the  extra  image  and  to  suppress  it.  (4)  Lastly,  the  physiological 
'  identical  point  '  is  not  a  geometrical  point,  but  an  area  which 
increases  in  size  in  the  more  peripheral  zones  of  the  retina,  and 
can  also  be  increased  by  practice  ;  and  images  which  lie  wholly  or 
in  chief  part  within  two  corresponding  areas  practically  coincide. 

Stereoscopic  Vision. — Although  the  retinal  image  is  a  pro- 
jection of  external  objects  on  a  surface,  we  j^erceive  not  only 
the  length  and  breadth,  but  also  the  depth  or  solidity  of  the 
things  we  look  at.  When  we  look  directly  at  the  front  of  a 
building,  the  impression  as  to  its  form  is  the  same  whether  one 
or  both  eyes  be  used,  altliough  with  a  single  eye  its  distance 
cannot  be  judged  so  accurately.  But  when  we  view  the  build- 
ing from  such  a  ix)sition  that  one  of  the  comers  is  visible,  we 
obtain  a  more  correct  impression  of  its  depth  with  the  two  <;yes. 
This  is  partly  due  to  the  fact  that  to  fix  points  at  different  dis- 
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*  In  every  fixed  position  oi  the  eyes,  the  objects  whose  images  iaJH  oo 
corresponding  points  w-ill  be  arranged  on  cerbiin  definite  lines  or  sur&ces 
which  vary  with  the  direction  of  the  visual  axis  and  to  which  the  name 
ol  horopter,  or  point-horopter,  has  hccn  given.  For  most  eyes  when 
directed  to  the  liorizon — that  is,  with  the  visual  axes  parallel— the  hOff- 
opter  is  practically  the  horizontal  plane  of  the  ground,  so  that  all  objects 
within  the  field  of  vision,  and  resting  on  the  ground,  fall  upon  corresponding 
points,  and  are  seen  single.  When  the  eves  are  directed  to  a  point  at 
snch  a  distance  that  the  lines  of  vision  are  sensibly  convergent,  the  hnropter 
consists  (1)  of  a  straight  line  drawn  through  the  fixing-poiat  and  at  nght 
angles  to  a  plane  passing  through  the  fixing-point  and  the  two  visual  lines 
(visual  plane) ;  (2)  of  a  circle  passing  through  the  fixing-point  and  the 
nodal  points  of  the  two  eyes  (the  famous  horopteric  circle  of  Miiller), 


d 


THE  SENSES 


813 


tances  from  the  eyes  the  visual  lines  must  be  made  to  converge 
more  or  lesfi,  and  of  the  amount  of  this  convergence  we  are  con- 
scious through  the  contraction  of  the  muscles  which  regulate  it. 
Rut  there  is  another  element  involved.  Wlien  the  two  eyes  look 
at  a  unitormly-coloured  plane  surface,  thecetinal  image  is  pre- 
cisely the  same  in  both.  But  when  the  two  eyes  are  directed 
to  a  soUd  object  (say  a  book  lying  on  a  table)  the  picture  formed 
on  the  left  retina  differs  slightly  from  that  formed  on  the  right, 
for  the  left  eye  sees  more  of  the  left  side  of  the  book,  and  the 
right  eye  more  of  theright  side. 

That  there  is  a  close  connec- 
tion between  uniformity  of  retinal 
images  and  impression  of  a  plane 
surface  on  the  one  hand,  and 
difference  of  retinal  images  and 
impression  of  solidity  on  the  other. 
is  proved  by  the  facts  of  stereo- 
scopy.  It  is  evident  that  if  an 
exact  picture  of  the  solid  object 
as  it  is  seen  by  each  eye  can  he 
thrown  on  the  retina,  the  impres- 
sion produced  will  be  the  saine. 
whether  these  images  are  really 
formed  by  the  object  or  not.  Now. 
two  such  ]iictures  can  be  produced 
with  a  near  approach  to  accuracy 
by  photographing  the  object  fron^ 
the  point  of  view  of  each  eye.  It 
only  remains  to  cast  the  image  of 
each  picture  on  the  corres^wnding 
retina,  while  the  eyes  are  converged 
to  tlie  same  extent  as  would  be 
the  case  if  they  were  viewing  the 
actual  object.  This  is  accom- 
plished by  means  of  a  stereoscope 
(Fig.  359)- 

It  is  found  that  the  resultant  impression  is  that  of  the  solid 
object.  It  is  imi)OSsible  to  reconcile  this  with  the  doctrine  of 
strictly  identical  geometrical  points.  A  pair  of  identical  pictures 
gives  with  the  stereoscope  not  the  impression  of  a  solid,  but  of 
a  plane  surface.  If  the  relative  position  of  any  two  jx»ints  differs 
in  the  two  pictures,  the  blended  picture  has  a  corresponding 
point  in  relief.  So  great  is  the  delicacy  of  this  test  that  a  good 
and  a  bad  banknote  will  not  blend  under  the  stereoscope  to  a 
flat  surface,  and  the  method  may  be  actually  used  for  the  detec- 
tion of  forgery. 


35y 


Biti.w^irx 
scopr. 


p  aud  w  are  prisnu.  with  their  re- 
fracting  au^es  tuiued  towards 
each  other.  The  prLsnis  rrfract 
the  rays  comiufE  Irom  the  points 
e,  y  of  the  pit-'tures  ab  and  rrj  so 
that  they  appear  to  cume  trom  a 
jm^Ie  poiat  q.  Simllarlv,  (he 
points  a  and  n  appear  to  be  situ- 
ated at  /,  and  the  points  h  and  0 
atf. 
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When  the  pictures  are  interchanged  in  the  stereoscope  so  that 
the  image  which  ought  to  he  formed  on  the  right  retina  falls 
the  left,  and  that  which  is  intended  for  the  left  eye  falls  on  tl 
right,  what  were  projections  before  become  hollows,  and  wlul 
were  hollows  stand  out  in  relief.  The  pseudoscope  of  Wheat- 
stone  is  an  arrangement  by  which  each  eye  sees  an  object 
reflection,  so  that  the  images  which  would  be  fornied  on  tl 
two  retina;,  if  the  object  were  looked  at  directly,  are  intcrchangeil,] 
with  the  same  reversal  of  our  judgments  of  relief. 

Visual  Judgments. — We  say  jiuigminis  of  relief  ;   for  whai 
wc  call  seeing  is  essentially  an  act  that  involves  intellectual  prr>-| 
cesses.     As  the  retina  is  anatomically   and  developmen tally  ^\ 
projection  of  the  brain  pushed  out  to  catch  the  waves  of  lightj 
which  beat  in  upon  the  organism  from  every  side,  so.  physiologic- 
ally, retina,  optic  nerve,  and  visual  ner\'ous  centre  are  bound' 
together  in  an  indissoluble  ciiain.     We  cannot  say  that  the  retina 
sees,  we  cannot  say  that  the  optic  ner\'e  sees — the  optic  nerve  in 
itself  is  blind— we  cannot  say  that  the  visual  centre  sees.     The 
ethereal  waves  falling  on  the  retina  set  up  impulses  in  it  which 
ascend  the  optic  nerve  ;  certain  portions  of  the  brain  are  stirred 
to  action,  and  the  resulting  sensations  of   light  springing  up^ 
we  know  not  where,  are  elaborated,  we  know  not  how  (by  pro- 
cesses of  which  we  have  not  the  faintest  guess),  into  the  per- 
ception of  what   we  call  external  objects — trees,  houses,  men, 
parts  of  our  own  bodies,  and  into  judgments  of  the  relations  of 
these  things  among  themselves,  of  their  distance  and  movements. 

A  child  learns  to  see,  as  it  learns  to  speak,  by  a  process,  often 
unconscious  or  subconscious,  of '  putting  two  and  two  together.* 
The  musical  sounds  united  and  terminated  by  noises  which 
make  up  the  spoken  word  '  apple  '  are  gradually  associated  m 
its  mind  with  the  visual  sensation  of  a  red  or  green  object,  the 
tactile  sensation  of  a  smooth  and  round  object,  and  the  gustatory 
and  olfactory  sensations  which  we  call  the  taste  or  flavour  of 
an  apple.  And  as  it  is  by  experience  that  the  child  learns  to 
label  this  bundle  of  sensations  with  a  spoken,  and  aft#Twards 
with  a  written,  name,  so  it  is  by  experience  that  it  leanis  to 
group  the  single  sensations  together,  and  to  make  the  induction 
that  if  the  hand  be  stretched  out  to  a  certain  distance  and  m 
a  certain  direction — i.r.,  if  various  muscular  movements,  also 
associated  with  sensations,  be  made — the  tactile  sensation  of 
grasping  a  smooth  round  body  will  be  felt,  and  that  if  the  further 
muscular  movements  involved  in  conveying  it  to  the  mouth  br 
carried  out,  a  sensation  agreeable  to  the  youthful  palate  wiH 
follow.  At  length  the  child  comes  to  l>elieve,  and.  tinier 
happens  to  be  specially  instructed,  carries  his  belief  witi 
to  his  grave,  that  when  he  looks  at  an  apple  he  sees  a 
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smooth,  tolerably  hard  body*  of  definite  size  and  colour  ;  while 
in  rciility  all  that  the  scnsr  of  sight  can  inform  him  of  is  the 
diflerence  tn  the  intensity  and  colour  of  the  light  falling  on  his 
retina  when  he  turns  his  head  in  a  particular  direction. 

An  interesting  illustration  of  the  role  of  experience  in  shaping 
our  visual  judgments  is  found  in  the  sensations  of  persons  bom 
blind  and  relieved  in  after-life  by  operation.  A  boy  between 
thirteen  and  fourteen  years  of  age,  oi>erated  on  by  Cheselden. 
thought  all  the  objects  he  looked  at  touched  his  eyes.  '  He 
forgot  which  wa^  the  dog  and  which  the  cat,  but  catching  the 
cat  (which  he  knew  by  feeling),  he  looked  at  her  steadfastly 
and  said,  **  So,  puss,  I  shall  know  you  another  time."  Pictures 
seemed  to  him  only  parti-coloured  planes  ;  but  all  at  once,  two 
months  after  the  operation,  he  discovered  they  represented 
solids.'  Nunnely,  perhaps  remembering  the  dictum  of  Diderot, 
true  as  it  is  in  the  main,  though  tinged  with  the  exaggeration 
of  the  Encychpidie,  that  '  to  prepare  and  interrogate  a  person 
bom  blind  would  not  have  been  an  occupation  unworthy  of  the 


Fig.  360. — iLtvsiOH  op  rARAttst.  Links  (Ht:iitKC). 

united  talents  of  Newton,  Des  Cartes,  Locke,  and  Leibnitz,' 
made  an  elalxirate  investigation  in  the  case  of  a  boy  nine  years 
old,  on  whom  he  operated  for  congenital  cataract  of  both  eyes, 
and,  what  is  of  special  importance,  instituted  a  set  of  careful 
exj^eriments  and  interrogations  belorc  the  operation,  so  as  to 
gain  data  for  comparison.  Objects  ^cubes  and  spheres)  which 
before  the  operation  he  could  easily  recognise  by  touch  were 
shown  him  afterwards,  but  although  '  he  could  at  once  perceive 
a  difference  in  their  shapes,  he  could  not  in  the  least  say  which 
was  the  cube  and  which  the  sphere.'  It  took  several  days, 
and  the  objects  had  to  be  placed  many  times  in  his  hands  before 
he  could  tell  them  by  the  eye.  *  He  said  everything  touched 
his  eyes,  and  walked  most  carefully  about,  with  his  hands  held 
out  before  him  to  prevent  things  hurting  his  eyes  bv  touching 
them.' 

Many  other  illustrations  might  be  given  of  the  fact  that 
*  seeing  '  is  largely  an  act  of  reasoning  from  data  which  may 
sometimes  mislead. 

Thus  m  Figs.  360  and  361  the  long  horizontal  lines  are  really 
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Fig.  36i.^Ii.Lij5ms'  op  pArt*i.LEi.  I.imfs  (ZOllher). 


jjaiallel.  but  do  not  appear  so  owing  to  tlie  confusion  of  y 
produced  by  the  short  sloping  lines. 

In  Fig.  362  the  spaces  covered  by  A,  B,  and  C  ar«  eqi 
squares,  but  A  appears  taller  than  B,  and  C  smaller  than  eitl 
A  or  B.  In  the  same  figure  the  lines  D  and  E  arc  of  the 
length,  but  E  seems  considerably  longer  than  D. 

The  apparent  size  and  fonn  of  an  object  is  intimately  n*laK 
to  the  size,  form,  and  sharj^ness  of  its  image  on  the  retina.    V 

are,  therefore, 
to  discriminate  wil 
great  precision  tl 
unstimulated 
the  excited  porti 
of  that  meml 
especially  in  tl 
fovea  centralis, 
also  the  degree 
excitation  of  nei 
bouring  excite 
parts.  But  inftti 
of     localising 

image  on  the  retina  as  we  localize  on  the  skin  the  pressure 
an  object  in  contact  with  it,  we  project  the  retinal  in- 
space,  and  see  everything  outside  the  eye.  In  vision, 
we  have  no  conception  of  the  existence  of  either  retina  or  reti 
image  ;  and  even  the  shadows  of  objects  within  the  ey<c 
referred  to  points  outside  it.  Thus,  for  instance,  an  ojvicity 
a  foreign  body  in  any  of  the  refractive  media — and  no  eyt 
entirely  free  from 

relatively  opaque  ABC 
spots — can  be  de- 
tected, and  its 
position  deter- 
mined by  the 
shadow  which  it 
casts  on  the  retina 
when  the  eye  is 
examined  by  a 
pencil  of  light  pro- 

ceetiing  from  a  veiy  small  point.     Let  a  diaphragm   with  %' 
small  hole  in  it  be  placed  in  front  of  the  eye  at  such  a  distance 
that  a  pencil  diverging  from  the  hole  will  pass  through   th 
vitreous  humour  as  a  parallel  beam,  equal  in  cross-section  ti 
the  pupil  (Fig.  363),  and  let  the  aperture  be  illuminate^' 
focussing  on  it  the  light  of  a  lamp  placed  behind  a  screen 
proper  position  of  the  hole  will  obviously  be  that  of  the 


^^'^ 
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principal  focus  of  the  eye — i.e.,  the  point  at  which  parallel 
rays  passing  from  the  vitreous  into  the  lens  and  then  out  of  the 
eye  would  be  focussed.  This  method  of  examination  of  the 
eye  is,  therefore,  called  focai  illumination.  Opaque  bodies  in 
the  vitreous  humour  will  cast  shadows  on  the  retina  equal  in 
area  to  themselves.  Tlie  shadows  of  opacities  in  the  lens  and 
in  front  of  it  will  be  somewhat  larger  than  the  bodies  them- 
selves, since  the  latter  intercept  rays  which  are  still  diverging 
but  since  the  greater  part  of  the  refraction  of  the  eye  occurs  at 


In  A  the  opaque  body  0 
1%  in  the  planr  of  the  pupil. 
Thr  (tositiou  of  the  shadow 
relaiJvely  lo  the  bright  firld  is 
not  aJI<Tt'd  when  ibt.-  illumina* 
ung  pencil  is  focussed  at  P' 
instead  of  P.  la  B  the 
opaque  body  is  in  front  of  the 
plane  of  the  pupil.  When 
P  is  lowered  t'»  P',  the  shadow 
moves  towards  the  upper 
edge  of  the  bright  field,  and 
appears  to  move  downwards 
in  the  visual  field.  Wh?Q  P 
IS  raHpd,  thp  shadow  moves 
towards  thr  kiwer  edge  of  the 
bright  field,  nnd  appean  to 
move  upwards.  In  C  the 
opaqu^*  Ixxly  is  behind  the 
plane  of  the  pupil.  When  P 
1*  movrd  downwards  to  P*. 
the  fthnd'W  move*  towards 
the  hiwer  edge  of  the  bright 
held,  anri  appears  to  the  per- 
son under  obscrvaUon  lo 
oinve  upwards,  and  vicr  vend 
when  P  is  moved  upwards. 
The  farther  the  opaque  body 
is  from  the  pupiU  the  greater 
is  the  apparent  movement, 
or  parallax,  of  its  shadow  for 
a  given  movement  of  the 
source  of  light* 


Fig.  J63. 


the  anterior  surface  of  the  cornea,  it  is  only  the  shadows  of 
objects  on  the  front  of  the  cornea,  such  as  droi)s  of  mucus, 
which  will  be  much  magnified.  Fig.  ;i6^  shows  diagrammatic- 
ally  how  the  shadows  shift  their  position  within  the  bright  held 
when  the  direction  of  the  illuminating  beam  is  altered.  Generally 
opacities  in  (he  vitreous  humour  are  movable,  in  the  lens  not, 

Purkinje's  Fifiur^s. — As  was  first  pointed  out  by  Purkinje, 
the  shadows  'n  the  retina  itself,  and  even 

of  the  lem.  although  neglected  in 

53 
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ordinary  vision,  may  be  recognised  under  suitable  con<litioQS. 
a  conclusive  proof  that  the  sensitive  layer  must  lie  behind  the 
vessels  (p.  820). 

n  a  beam  of  sunlight  is  concentrated  on  the  sclerotic  as 
as  possible  from  the  margin  of  the  cornea,  and  the  eye  dii 
to  a  dark  ground,  the  network  of  retinal  bloodvessels  will  sU 
out  on  it.     Another  method  is  to  look  at  a  dark  ground  whi 
a  lighted  candle,  held  at  one  side  o(  the  eye  at  a  distance  (roi 
tlie  visual  line,  is  moved  slightly  to  and  fro.     In  the  first  nietb( 
a  point  of  the  sclerotic  behind  the  lens  is  illuminated,  and 
passing  from  it  across  the  interior  of  the  eyeball  in  every 

tion  cast  shadows 
the    vessels    of 
retina  on  its  sensitr 
layer.    In  the  secom 
method,    tlie     imo^^ 
of  the  flame  form* 
on    the     retina 
rays  falling  obliqudi 
through    the    pupi 
becomes    in    th( 
general  darkness  il 
self  a  source  of  lighl 
by   interrupting 
T2iys  from  which 
retinal  vessels    foi 
shadows.      The 
tance  of  thescnsi' 
from     the     vasci 
layer    may    be 
proximately    calctti^ 
lated  by   measurii 
the  amount  by  w*hi< 
the  shadows  cliani 
their  position,   wh^ 
the  position  of  the  illuminated  point  of  the  sclerotic  is  alten 
The  nearer  a  vessel  lies  to  the  sensitive  layer,  the  smaller  must  be 
the  angle  tlirough  which  the  apparent  position  of  its  shadow  moves 
for  a  given  movement  of  the  spot  of  light.     In  this  way  it  has  been 
calculated  that  the  sensitive  layer  is  about  o-2  to  0*3  nim.  behnMJ 
the  stratum  which  contains  the  bloodvessels.     This  coi 
sufficiently  well  with  the  |X)sition  of  the  laver  of  rods  and 
which  all  other  evidence  shows  to  be  the  portion  of 
actually  stimulated  by  light.     The  shadows  of  the  V 
puscles  in  the  retinal  vessels  may  be  rendered  visible 
at  a  bright  and  uniformly  illuminated  ground, 


Fig.   364. — Method   of   rfnderinc  the    Retisxl 

Bl.OOnVESSRL4      VISIBLE      DV     CONCCNTKATtNO      A 

Beam  or  Light  on  the  Sclerotic 
From  the  brightly-iUunitnated  point  of  the  scle- 
rotic, a,  ra\*s  issue,  and  a  shadow  of  a  vr^si*!,  v.  is 
cast  at  a'.  It  is  rcfnred  to  an  external  point.  «'.  in 
the  direction  of  the  straight  line  joining  a'  with  the 
nodal  point.  Whrn  the  light  is  shifted  so  as  to  be 
focus^ed  at  b,  the  shadow  cast  at  b'  is  roferrtHl  to 
b'—i\e,  it  appears  to  move  in  the  same  direction  as 
the  illuminated  point  of  the  sclerotic. 
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glass  shade  of  a  lamp  or  the  blue  sky,  and  moving  the  slightly 
separated  fingers  or  a  perforated  card  rapidly  before  the  eye. 
From  the  rate  of  their  apparent  movement,  Vierordt  calculated 
the  velocity  of  the  blood  in  the  retinal  capillaries  at  0*5  to  0-9  mm. 
per  second,  {>ne  reason  why  the  shadows  of  these  intra-retinal 
structures  do  not  apj^ear  in  ordinary  vision  seems  to  be  their 
small  size.  The  retinal  vessels  are  in  reality  only  vascular 
threads  ;  the  thickest  branch  of  the  central  vein  is  not  ^\  mnu 
in  diameter.  The  apex  of  the  cone  of  complete  shadow  (umbra) 
cast  by  a  disc  of  this  si^e,  at  a  distance  of  20  mm.  from  a  pupil 
4  mm.  wide,  would  lie  only  \  mm.  behind  the  disc — that  is  to 
say,  the  umbra  of  the  re- 
tinal vessels  would  not 
reach  the  layer  of  the  rods 
and  cones  at  all,  and  only 
the  penumbra,  or  region  of 
relative  darkness,  would  fall 
uj)on  it. 

When  the  eyes,  after 
being  closed  for  some  time, 
are  suddenly  opened,  the 
branches  of  the  retinal 
vessels  may  be  seen  for  a 
moment.  This  is  especially 
the  rase  after  sleep  ;  and  a 
good  view  of  the  phenome- 
non may  be  obtained  by 
looking  at  a  white  pillow 
or  the  ceiling  immediately 
on  awaking.  If  the  eyes 
are  kept  open  for  a  few 
seconds,  the  branching 
pattern  fades  away ;  if 
they  are  only  allowed  to 
remain  open  for  an  instant,  it  may  be  seen  many  times  in 
succession.  The  main  vessels  appear  to  radiate  out  from  a 
central  point.  But  their  actual  junction  there  is  not  seen,  since 
it  lies  in  the  optic  disc  or  blind  spot. 

The  Blind  Spot. — The  fibres  of  the  optic  nerve  are  insensible 
to  light ;  light  only  stimulates  them  through  their  end-organs. 
This  can  be  proved  by  diroctin^  bv  means  of  an  ophthalmo- 
scope a  beam  of  light  upon  *'^,  where  the  true  retinal 
layers  do  rented  on  has  no  sensa- 


Fia.    365. — Method    of    resdfrisg    riit 
Bloodvessels    of  tmk  Kftina  visible 

BY      Oni  IQUE      IILUMISATIOK       THROrCH 

Till  Cornea. 

Light  from  a  candle  at  a  lUuminntes  a\ 
aiid  rays  pruceedinf;  frotn  a'  ca^t  a  shadow 
of  the  bloodvesseL  v.  at  a',  which  is  referred 
to  a'".  When  a  is  moved  to  b,  the  shadow 
on  the  retina  moves  to  ft',  and  the  shadow 
in  the  visual  Aeld  uf  the  illuminated  eye 
to  6'". 


tion  r 


upon  the  disc  ;  when 


\nv 


other 
E>erienced. 
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blind  spot  is  not  recognised  in  ordinary  vision,  for  (l)  the 
two  optic  discs  do  not  correspond.  The  left  disc  has  its  cor- 
responding points  on  a  sensitive  part  of  the  right  retina,  and  the 
right  disc  on  a  sensitive  part  of  the  left  retina  ;  and  the  con- 
sequence is  that  in  binocular  vision  the  objects  whose  im; 
are  formed  on  the  cones] >onding  fwinls  fill  up  the  blind  siwt 
(2)  The  optic  disc  does  not  he  in  the  line  of  direct,  and  therefc 
distinct,  vision.  The  eye  is  constantly  moving  so  as  to  bi 
the  surrounding  objects  successively  on  the  fovea  centrali 
and  the  gap  wluch  the  blind  spot  makes  in  the  visual  (\t 
of  a  single  eye  is  thus  more  easily  neglected.  In  any  case 
ought  not  to  see  it  as  a  dark  spot,  for  darkness  is  only  associati 
with  the  absence  of  excitation  in  parts  of  the  retina  capable 
being  excited  by  light.  There  is  no  more  reason  \\hy  the  opl 
discs  should  appear  dark  than  there  is  for  our  having  a  sensati< 
of  darkness  behind  us  when  we  are  looking  straight  in  front 
And  since  the  experience  of  our  other  senses — the  sense  of  touch? 
for  example — tells  us  that  the  objects  we  look  at  do  not  in  general 


Fig.  366. — Mariotte's  Expekihekt. 


have  a  gap  in  the  position  corresponding  to  the  part  of  ll 
image  that  falls  on  the  blind  spot,  we  see,  so  to  speak,  aa 
tlie  spot. 

By  Mariotte's  experiment,  however,  the  existence  of  the  blii 
siKjl  can  not  only  be  tic  mo  nst  rated,  but  its  size  determined  and  il 
botmdaries  mapped  out.  Let  the  left  eye  be  closed,  and  fix  with  tl 
right  the  small  cross  :  then,  if  the  eye  be  moved  towards  or  av^-ai 
Irom  the  paper,  keeping  the  cross  fixed  all  the  time,  a  (xxiition 
be  found  in  which  the  white  disc  disappears  altogether.  In  tl 
position  its  imaKO  falls  on  the  bhnd  spot. 

Relation  of  the  Rods  and  Cones  to  Vision. — We  have 

than  once  referred  to  the  rods  and  cones  as  the  s 

of  the  retina.     It  is  now  necessary  to  develop  a  In  ii 

evidence  in  favour  of  this  statenient.    And  at  the  outcsl 
the  sensitive  layer  has  been  shown  to  lie  behind 
the  retinal  bloodvessels,  the  only  competitors  of  1 
cones  are  the  external  nuclear  layer  and  the  p 
thelium.    The  nuclear  layer  may  be  at  once  cx< 
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in  the  fovea  centralis,  where  vision  is  most  distinct,  it  becomes 
very  thin  and  inconspicuous. 

The  layer  of  pigmente*!  hexagonal  cells,  or  at  least  their 
pjjEfment,  cannot  be  essential  to  vision,  for  albino  rats,  rabbits, 
and  man,  in  whose  eyes  pigment  is  absent,  can  see.  In  man 
and  most  mammals  there  are  cones,  but  no  rods  in  the  yellow 
spot  and  fovea  centralis  ;  the  relative  proportion  of  rods  in- 
creases as  wc  pass  out  from  the  fovea  towards  the  ora  serrata. 
But  this  does  not  enable  us  to  analyze  the  bacillary  layer  into 
sensitive  cones  and  non-sensitive  rods,  for  on  the  rim  of  tlie 
retina,  which  is  still  sensitive  to  light,  there  are  only  rods  ;  in 
the  bat  and  mole  there  are  said  to  be  no  cones  even  in  the  yellow 
spot,  in  the  rabbit  ver\'  few.  Reptiles  possess  only  cones  over 
the  whole  retinal  surface,  and  birds,  true  to  their  reptihan 
affimties,  have  everywhere  more  cones  than  rods,  as  have  also 
fishes. 

One  of  the  difficulties  in  the  way  of  understanding  how  a 
ray  of  light  ran  set  up  an  excitation  in  a  rod  or  cone  is  the 
transparency  of  these  structures.  An  absolutely  transparent 
substance — that  is,  a  substance  wliich  would  allow  light  to 
traverse  it  without  the  least  absor]>tion — would,  after  the 
passage  of  a  ray,  remain  in  precisely  the  same  state  as  before  ; 
its  condition  could  not  be  altered  by  the  passage  of  the  light 
unless  some  of  the  energy  of  the  ethereal  vibrations  was  trans- 
ferred to  it.  But  an  absolutely  transparent  body  does  not 
exist  in  Nature  :  and  it  is  not  necessary  to  suppose  that  all  the 
energy  required  to  stimulate  the  end-organs  of  the  optic  nerve 
comes  from  the  Uiinmous  vibrations.  These  may,  and  probably 
do,  act  by  setting  free  energy  stored  up  in  the  retina,  just  as  the 
touch  of  a  child's  hand  could  be  made  to  ftre  a  mine,  or  launch 
a  ship,  or  flood  a  province.  Some  have  looked  u{x>n  the  trans- 
verse lamella;  into  which  the  outer  members  of  the  rods  and 
cones  can  t>e  made  to  split  as  an  arrangement  for  reflecting 
back  the  light  to  the  inner  members,  and  have  compared  them 
to  a  pile  of  plates  of  glass,  which,  transparent  as  it  is,  is  a  most 
efficient  reflector.  It  is  even  |x>ssible,  although  here  we  are 
already  treading  the  thm  air  of  pure  speculation,  that  the  light 
may  be  jxjlarized  in  the  process  of  reflection,  and  that  the 
rods  and  cones  may  be  less  transparent  to  light  jwlarized  in 
certain  planes  than  lt>  unpolarized  light. 

As  to  the  nature  of  the  transformation  undergone  by  the 
ethereal  vibrations  in  the  rods  and  cones,  various  theories  have 

'e  supposed  that  the  absorbed  light- 
long  heat-waves,   and   that   the 
thus  excited  by  thermal  stimuli, 
idence  in  its  favour  that  it  is 
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perhaps  an  unjustifiable  waste  of  time  even  to  mention  it. 
is  nilecl  out  of  court  by  the  mere  fact  that  the  long  radiatioi 
of  the  ultra  red,  filtered  from  luminous  rays  by  bein^  p, 
through  a  solution  of  iodine,  and  focussed  on  the  eye  by  a  I 
of  rock-salt,  produce  not  the  slightest  sensation  of  light,  althou^! 
they  are  by  no  means  all  absorbed  in  their  j>assa^e  through  t 
dioptric  media.     Again,  it  has  been  suggested  that  the  en 
of  the  waves  of  light  is  first  transformed  into  electrical  energ\V 
and  that  the  visual  stimulus  is  really  electrical.     In  support  of 
this  view  it  has  been  urged  that  the  passage  of  a  voltaic  current 
through    the  eye   causes  sensations  of  light   and    that   ligh 
undoubtedly,  causes  (p.  648)  an  electrical  change  in  the  retina 
and  optic  nerve.     But,  as  has  more  than  once  l>ecn  pointed  out. 
an  electrical  change  is  the  token  and  accomjianiment   of  th 
activity  of  the  excitable  tissues  in  general :  and  all   that  th 
ciirrents  of  action  of  the  retina  show  is  that  light  excites  the 
retina — a  proposition  which  nobody  who  can  see  requires 
objective  proof  of,  and  which  does  not  carry  us  very  far  to 
the  solution  of   the   problem   how   that   excitation   is   brought' 
about.     Then  there  is  the  photo-mechanical  theory,  acco 
to  which  the  pigmented  epithelial  cells  of  the  retina,  aiterin, 
their  shape  and  volume  under  the  stimulus  of  light,  press  tipon 
the   rods  and  cones,   and   thus   mechanically   stimulate   them. 
Lastly,  there  is  the  photo-chemical  theory,  which  supposes  that 
some  chemical  change  produced  in  the  rods  and  cones  under  the 
influence  of  light  sets  up  impulses  in  them  which  ascend  th 
optic  nerv'e.     This  is  the  most  probable  of  all  the  theories,  not 
withstanding  the  fact  that  the  discovery  by  Boll  of  the  famous 
visual  purple  or  rhodopsin,  which  at  first  seemed  likely  to  place 
it  upon  a  sure  foundation,  has,  since  the  elaborate   investiga-v, 
tions  of   Kiihne,   lost  much  of  its  significance  in   this  regaird. 
But  althtiu^'h  the  visual  purj>le  has  thus  disappointed  the  ho 
excited   in   sanguine   minds,    and   has   not   explained,   or   even 
lessened,    the   mysterv*  ol   vision,   its  discovery*   is  in   itself  so 
interesting  and  so  suggestive  as  a  basis  for  future  work,  that  a 
short  account  of  the   properties  of  the  substance  cannot  be 
omitted  here. 


Visual  Purple. — If  the  uyc  of  a  frog  or  rabbit,  wliich  has  been  kepi 
in  the  dark,  be  cut  out  in  a.  dimly-lighted  cliambcr  or  in  a  chamfacfJ 
illuminated  only  by  red  light,  and  the  retina  removed,  it  is 
when  viewed  in  ordinary'  light,  to  be  of  a  beautiful  red  or  pi 
colour.     Exposed  to  bright  light,   the  colour  soon   fades, 
through  red  and  orange  to  yellow,  and  then  disappearing  &*" 
The  yellow  colour  is  due  to  the  formation  of  another  pigi 
yellow  :  the  preceding  stages  arc  due  to  the  intermix 
\isual  yellow  ,vith  the  unchanged  visual  purple  in  diff* 
tions.     With  the  microscope  it  may  be  seen  that  tl 


THE  SENSES 


833 


entirely  conftned  to  the  outer  segment  of  the  rods,  where  it  exists  in 
most  vertebrate  animals.  It  may  be  extracted  by  a  watery  solution 
of  bilc-salts,  and  the  properties  of  the  pigment  in  solution  are  very 
much  the  same  as  its  properties  in  situ ;  light  bleaches  the  solution 
as  it  does  the  retina.  Examined  with  the  spectroscope,  the  solution 
shows  no  definite  bands,  but  only  a  general  absorption,  which  is  very 
slight  in  the  reil,  and  reaches  its  maximum  in  the  yellowish-green. 
In  accord.incc  with  this,  it  is  found  tliiit  of  all  kinds  of  monochro- 
matic light  the  yelto^vish- green  rays  bleach  the  purple  most  rapidly, 
the  red  rays  most  slowly. 

If  a  portion  of  the  retina  is  kept  dark  while  the  rest  is  exposed  to 
light,  only  the  latter  portion  is  bleached.  -Vnd  when  the  image  of  an 
object  possessing  well-marked  contrasts  of  light  and  shadow  (e.g.,  a 
glass  plate  with  strips  of  black  paper  jiasted  on  it  at  intervals,  or  a 
window  with  dark  bars)  is  allowed  to  f.ill  on  an  eye  othenvise  pro- 
tected from  light,  the  pattern  of  the  object  is  picked  out  on  the  retina 
in  purple  and  white.  A  vcntable  photograph  or  '  optogram  '  may 
thus  be  formed  even  on  the  retina  of  a  !i\-ing  rabbit  ;  and  if  the  eye 
be  rapidly  excised,  the  picture  may  be 
'  fixed  '  by  a  solution  of  alum,  and  thus 
rendered  permanent. 

These  (acts  certainly  suggest  that 
light  fallii^  on  the  retina  may  cause  in 
some  sensitive  substance  or  substances 
chemical  changes,  the  products  of  which 
stimulate  the  endings  of  the  optic  ner\x. 
and  set  up  the  impulses  that  result  in 
\'i5ual  sensations. 

The  visual  purple  cannot  itself  be  such 
a  substance,  for  it  is  absent  from  the 
cones  o(  all  animals  and  the  rods  of  some. 
Frogs  and  rabbits  can  undoubtedly  see 
at  a  time  when,  by  continued  cx[x>sure 
to  bright  sunlight,  the  purple  must  have 
been  ci>mplL'ttily  bleached.  And  although  the  absence  of  the 
pigment  in  the  eye  of  the  bat  might  seem  to  afford  a  ready 
explanation  of  the  proverbial  '  blindness  '  of  that  animal^  such 
a  hasty  deduction  would  be  at  once  corrected  by  the  fact  that 
birds  with  as  sharp  vision  as  the  pigeon  are  equally  devoid  of 
visual  puri>le,  while  in  other  nocturnal  animals,  like  the  owl, 
it  is  plentifully  found.  The  most  probable  hypothesis  of  the 
function  of  the  visual  purple  is  indeed  that  which  attributes 
to  it  the  property  of  adapting  the  eye  for  darkness — in  other 
words,  of  increasing  the  sensitiveness  of  the  retina  for  faint 
light.  If  this  ts  the  case,  it  is  precisely  in  nocturnal  animals 
nect  to  find  it  in  large  amount.  The  apparent 
t  is  explained  bv  the  circumstance  that  it 
little. 
1  epithelium  is  undoubtedly  sensitive  to 
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Port  of  retina  of  rabbit. 

the  eve  of  which  had  been 
directed  to  an  tUuminated 
plate  of  glass  covered  with 
strips  of  black  paper. 
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light,  and  has  important  relations  to  the  formation  of  the  visi 
puiple.     When  the  eye  is  exiK)sed  to  light,  the  pigmented  n 
push    down    j^rocesses    between    the    rods.     In    tJie   dark    tin 
draw  them  back  again,  so  that  while  it  is  easy  to  separate 
retina  without  the  pigmented  layer  from  the  eye  of  an  ami 
kept  in  the  dark,  the  hexagonal  epithelium  alwa\^  adheres 
a  retina  which  has  shortly  before  death  been   acted   upon 
light.     The  precise  meaning  of  these  changes   of   form  in  ll 
pigmented  cells  is  unknown.    Some  have  supposed   that  tlx 
alone    contain    the    essential   visual    substance,    and    that, 
mechanical  pressure  on  the  rods  and  cones  caused   by  aitt 
tions  in  their  form  or  bulk  under  the  stimulus  of  light,  they  s< 
up  impulses  in  the  optic  nerve.     By  others  it  has  been  plausiblj 
urged  that  in  bright  light  the  processes  that  stretch  in  amot 
the  rods  serve  as  insulators  to  confine  the  excitation,  by  prt 
venting  the  lateral  passage  of  scattered  light  from  one  elemec 
to  another.     But  it  may  be  that  the  movements   are  relati 
rather  to  the  formation  of  photo-chemical  substances  to  a< 
as  stimuli  to  the  end-organs  of  the  optic  nerve. 

The    pigmented    epithcliuni    is    known    to   be   concerned    in   thi 
regcnerp.tion  of  the  visual  purple.     When  a  frog  is  curarizcd,  cedci 
occurs  between  the  retina  and  the  choroid,  so  that  the  former  mcrnJ 
branc  is  separated  from  the  hexagonal  epithelium.     If  the  froij 
now  exposed  to  sunlight  till  the  visual  purple  is  blcachetl.  and  ti 
retina  then  taken  out  and  placed  in  the  dark,  no  regeneration  of  ti 
purpie  takes  place.     When  the  same  experiment  is  repeated  on 
non-curarizcd  frog,  the  visual  purpk-  is  restored  in  the  dark,  Ant 
may  be  seen  under  the  microsrojic  in  the  rods.     The  only  dilfcrenci 
in  the  two  experiments  is  that  in  the  latter  the  pigmented  cpithehui 
adheres  to  the  retina,  and  it  must  therefore  liavc  a  hand  in  tl 
regeneration  of  the  pigment.    Even  the  visual  purple  of  a  retina  irm 
which  the  epithelium  has  been  detached  will,  after  being  blcacl 
be  restored  if  the  retina  is  simply  laid  a^ain  on  the  epithelial  5urfac< 
And  it  does  not  seem  to  be  the  black  pigment  of  the  hexagonal  cell 
which  is  the  agent   iu   tliis   restoration,   for  it  takes   place   in   th 
pigment-free  retinjc  of  albino  rabbits  or  rats.     E\'en  a  retina  isolates 
from  the  pigmented  epithelium,  and  then  bleached,  may,  to  a  ccrtaii 
extent,  develop  new  visual  purple  in  the  dark.     This  is  even  trw 
when  it  has  been  kept  in  the  dark  in  a  saturated  solution  of  sndtui 
chloride,  and  is  then,  after  washing  with  jihysiologicjil  salt  solution.1 
bleached  by  light.     Here  the  regeneration  of  the  pigment  cannot 
the  result  of  vital  processes,  but  must  be  due  to  chemical  chang< 
in  products  formed  from  the  original  pigment  by  the  action  of  Ught^j 
No  such  regeneration  takes  place  in  a  retina  which,  after  having 
bleached  in  situ,  is  removed  without  the  pigmented  epithelium  ai 
placed  in  the  dark  ;  and  the  only  probable  explanation  of  the  difit 
ence  is  that  in  this  case  the  photo-chemical  substances  from  wl 
visual  purple  can  be  formed  have  been  absorbed  into  the  circuU 
and  have  so  escaped. 

The  inner  segments  of  tlie  cones  of  certain  animals  (birds,  n 
ampliibia.  and  some  fishes)  contain  globules  of   various 
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ranging  over  almost  the  whole  spectrum,  and  including,  besides,  the 
nnn-sjiectral  colour,  purple.  The  globules  arc  composed  chiefly  of 
fat  with  the  pigments  (chronioplxancs,  as  they  have  been  called) 
dissolved  in  it.  The  function  oi  these  globules  is  unknown  They 
cannot  be  concerned  in  colour  \'ision,  or,  at  least,  they  cannot  be 
essential  to  it,  for  in  the  human  retina  they  do  not  exist. 

The  \'eUow  pigment  of  the  macula  lutea  does  not  belong  to  the 
layer  of  rods  and  cones  ;  it  only  exists  in  the  external  molecular  layer 
and  the  layers  in  front  of  it ;  in  the  fovea  centralis  it  is  absent. 

Time  necessary  for  Excitation  of  the  Retina  by  Light — 
Fusion  of  Stimuli.— Whatever  the  exact  nature  of  retinal 
excitation  may  be,  it  is  called  forth  by  exceedingly  slight  stimuli. 

A  lightning  flash,  although  it  may  last  only —  th  of  a  second, 

lasts  long  enough  to  be  seen.  A  beam  of  light  thrown  from  a 
rotating  mirror  on  the  eye  stimulates  when  it  only  acts  for 

th  of  a  second.    The  minimum  stimulus  in  the  form 


8,000,000 

of  green  light  corresponds,  as  we  have  already  seen  (p.  597),  to 

a  quantity  of  work  equivalent  to  no  more  than      ^  erg — that 

is,   about      -j-^  gramme-millimetre,   or       ^    milligramme-milli- 


nietre,  which  is  the  work  done  by 


th  of  a  milligramme 


10,000.000 

in  failing  through  a  millimetre  ;  and  it  cannot  be  doubted  that 
a  portion  even  of  this  Lilliputian  l>ombardment  is  wasted  as 
heat.  So  quickly,  too,  is  the  stimulus  followed  by  the  res|X)nse 
that  no  latent  p>eriod  has  as  yet  ever  been  measured.  It  is 
certain,  however,  that  there  is  a  latent  period,  as  surely  as  there 
is  a  latent  period  in  the  excitation  of  a  naked  nerve-trunk, 
although  this  also  has  never  been  exi>erinientally  delected. 
The  analogies,  in  fact,  between  a  muscular  contraction  and  a 
retinal  excitation  are  numerous  and  close.  Like  the  muscle, 
the  retina  seems  to  |X)ssess  a  store  of  explosive  material  which 
the  stimulus  serves  only  to  fire  off.  The  retina,  like  the  muscle, 
is  exhausted  by  its  activity,  and  recovers  during  rest.  Like 
the  muscle  curve,  the  cur\'e  ,of  retinal  excitation  rises  not 
abruptly,  but  with  a  measurable  slowness  to  its  height,  and 
when  stimulation  is  stopj)ed,  takes  a  sensible  time  to  fall  again, 
the  retinal  impression  outlasting  the  luminous  stimulus  by 
about  one-eighth  of  a  second.  With  comparatively  slow  inter- 
mittent stimuli  the  retinal,  like  the  muscle  curve,  flickers  up 
and  down.  When  the  rate  of  stimulation  is  increased,  the 
if  the  tetanized  mtiscle  is  analogous  to  the 
^ual  stimuli  by  the  tetanized  retina  (or 
IS)  into  a  continuous  sensation  of  light. 
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such,  e.g.,  as  the  bright '  trail '  of  a  falling  star,  or  the  fiery  cir 
traced  in  the  air  when  a  firel>rand  is  rapidly  whirled  round.   B 
the   maximum    retinal    excitation   which   a    stimulus    of  gi 
strength  can  call   (orth  depends  much  more  closely   ujxjn 
time  during  which  the  stimulus  acts  than  the  maximuin 
traction  does  upon  the  length  of  the  muscular  stimulus. 

As  the  strength  of  the  light  increases  in  geometrical  pre 
sion,  the  time  during  which  it  must  act  in  order  to  produce 
maximum  effect  decreases  approximately  in  arithmetical  pro- 
grcs?.ion  (Exner).     For  light  of  moderate  intensity  this  time  is 
about  J  second.     Since  for  complete  fusion  the  stimub*  m 
follow  each  other  at  a  much  more  rapid  rate  than   four  in 
second,  the  intensity  of  the  resultant  sensation  is  alwa\*s  I 
when  a  succession  of  similar  stimuli  are  fused  than  when  one  of 
the  stimuli  is  allowed  to  produce  its  maximum  effect. 

If  the  time  of  each  stimulus  is  equal  to  the  interval  durin 
which  there  is  no  stimulation,  the  sensation,  when  complete 
fusion  hcis  been  reached,  is  the  same  as  would  be  produced 
a  constant  light  of  half  the  strength  employed.  And.  in  general, 
if  m  be  the  pro|Kirtion  of  the  lime  during  which  the  eye  is  stimu- 
lated by  a  light  ot  intensity,  /,  and  n  the  proportion  of  the  time 
during  which  it  is  not  stimulated,  the  resultant  impression  if 
the  same  as  that  which  would  be  produced  by  an  uninterrupted 

light  of  intensity  (       — )/.    This  is  Talbot's  law^  which  may 

be  expressed  without  the  aid  of  symbols  thus  :  When  a  lighl  </ 
giirn  int^Msify  is  allotpcd  to  act  on  iha  eye  at  intervals  so  short 
that  the  impressions  are  completdy  fnsed. 
the  resultant  sensation  is  independent  of  ike 
absolute  length  of  each  flash,  and  is  pro* 
portionai  only  to  the  fraction  of  the  vhtJe 
time  which  is  occupied  f>v  flashes  and  to  the 
intensity  of  the  light.  Talbot's  law  may 
be  readily  demonstrated  by  means  of  a 
rotating  disc  wi th  al temate  wh ite  and 
black  sectors  (Fig.  3(>8),  so  arranged  that 
the  same  proportion  of  the  circumference 
of  each  of  the  three  concentric  xomes  is 
black. 

When  the  rotation  is  sufficiently  rapid  to  give  complete 
fusion  (say  20  to  30  times  a  second),  the  whole  disc  apjiear^ 
equally  bright.  However  much  the  rale  of  rotation  is  now  in- 
creased, no  further  change  occurs.  It  has  been  shown  tiut 
even  for  stimuH  as  short  as  the  ^oisffnoo^^  ^^  ^  second,  nrpn 
at  intervals  of  ,}nth  second,  Talbot's  law  holds  good.  S 
not  only  does  a  flash  so  inconceivably  brief  affect  Um 
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but  it  sets  up  changes  which  last  for  a  measurable  time.  For 
intense  stimuli  Talbot's  law  ceases  to  be  true :  the  field  appears 
brighter  than  it  should  be  (Griinbaum). 

Two  chief  theories  have  been  proposed  to  account  for  the 
fusion  of  intermittent  retinal  stimuli  :  (i)  The  persistence  theory, 
according  to  which  the  excitatory  j>rocess  in  the  retina  remains 
for  a  short  time  at  the  maximum  reached  when  the  light  ceases 
to  act.  Steady  fusion  is  supposed  to  be  obtained  when  the 
interval  between  successive  stimuH  does  not  exceed  tliis  time. 
(2)  The  theory  of  Fick,  who  maintains  that  as  soon  as  the  light 
is  withdrawn  the  retinal  excitation  begins  to  sink,  at  lirst  rapidly, 
then  more  gradually.  As  the  rate  of  stimulation  is  increased 
the  time  allowed  for  the  decline  of  the  excitation  is,  of  course, 
correspondingly  shortened,  and  ultimately  the  oscillations 
become  so  small  that  a  continuous  smooth  sensation  results. 
Pick's  theory  appears  to  explain  the  phenomena  best. 

The  experiments  of  Charpentier  have  shown  that  the  retina  when 
stimulated  has  a  natural  tendency  to  enter  into  oscillations  at  the 
rate  of  about  36  in  the  second,  so  that  the  effect  of  a  flash  of  Ught 
when  it  falls  on  a  retinal  area  is  not  a  single  excitation  which  rises 
smoothly  to  its  maximum  and  then  declines  smoothly  to  zero,  but  a 
series  of  swings  which  die  away  like  the  \-ihrations  of  an  clastic  body, 
This  may  be  demonstrated  by  slowly  rotating  a  well-illuminated  disc, 
one  quailrant  of  which  is  white  and  the  rest  black,  while  the  eye  is 
kept  hxed  on  the  centre.  A  black  band,  or  rather  sector,  running 
out  from  centre  to  circumference,  will  be  seen  in  the  white  quadrant 
a  little  behind  the  border  of  it  which  first  |)asscs  the  eye.  Tliis 
band  may  be  succeeded  by  one  or  more  fainter  black  bands  placed  at 
regular  intervals  tn  the  white  portion  of  the  disc.  The  explanation  is 
this.  At  the  moment  when  the  image  of  the  advancing  edge  of  the 
white  quadrant  falls  upon  the  retina  it  is  excited,  and  we  get  the 
sensation  of  white.  Then  comes  a  swng  in  the  opposite  direction 
which  gives  rise  to  the  first  black  band,  and  succeeding  swings  cause 
the  other  bands.  The  period  of  the  oscillatory  process  can  be 
calculated  from  the  speed  of  the  disc,  and  the  distance  of  the  first 
band  from  the  edge  of  the  wliite  quadrant.  The  well-known  fact 
that  a  single  flash  of  lightning,  or  otner  mtcnse  stimulus,  may  appear 
as  two  flashes,  linds  its  explanation  in  these  retinal  oscillarions. 

Colour  Vision. — Besides  differences  in  the  distance,  size, 
shape,  and  brightness  of  objects,  the  eye  recognises  differences 
in  their  colour  ;  and  we  have  now  to  consider  the  physical  and 
physiological  differences  on  which  these  dejjend. 

Colours  may  differ  from  each  other — (i)  In  tone  or  hue,  e.g.,  red, 
yellow,  green.'  (2)  In  degree  of  saturation  or  fulness  or  purity,  i.e., 
in  the  degree  in  which  thev  are  fret*  from  admixture  with  white  light, 
e.g.,  a  '  pale  '  or  '  light  '  blue  is  a  blue  mixed  with  much  white  hght, 
a  'deep'  or  '  full'  blue  with  Uttle  or  none.  (3I  In  brt^hiness  or 
iniensity,  i.e.,  in  the  amimnt  of  the  lii;ht  coming  from  unit  area  of 
the  coloiiivH  k  1'  !  cloth  sends  comparatively 
httlc  lie  cli'ih  sends  a  great  deal. 
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When  a  beam  of  sunlight  falls  into  the  eye,  a  sensation  oi 
'  white  light '  results.  When  a  prism  is  placed  before  the  eye, 
the  sensation  is  entirely  different ;  we  see  a  S}>ectrum  riinnia^ 
up  from  red  through  green  to  violet,  with  a  multitude  of  inter- 
mediate shades,  the  eye  being  able  to  distinguish  in  the  witf 
spectrum  at  least  one  thousand  different  hues  (Aubert).  Wh^U 
then,  has  hai:)pened  ?  Physically,  notliing  more  has  taken  pfaM 
than  a  rearrangement  of  the  rays  in  the  beam  of  wlute  light.  A 
few  of  them  may  have  been  lost  by  reflection,  but  ujxm  iht 
whole  the  beam  is  made  up  of  exactly  the  same  coastituents  is 
before  ;  only  the  rays  are  now  arranged  in  the  precise  order  of 
their  refrangibiJity,  the  more  refrangible,  which  are  also  those 
of  shortest  wave-length,  being  displaced  more  towards  the  has* 
of  the  prism  than  the  longer  and  less  refrangible  ra>rs.  Inst< 
of  the  long  and  short  rays  falling  together  on  the  same  elero* 
of  ihe  retina,  as  they  did  m  the  absence  of  U»e  prism,  they  n* 
fall,  if  proper  precautions  have  been  taken  to  secure  a 
sj^jectrum,  in  regular  order  from  one  side  to  the  other  of 
portion  of  retina  on  which  the  image  is  formed.  The  ph)*S4( 
condition,  then,  of  our  sensations  of  the  prismatic  colours 
that  rays  of  ai>proximalely  the  same  wave-length  should  U 
unmixed  with  other  rays  upon  the  retinal  elements.  Ka^'s 
a  wave-length  of  7^jwijtf  to  650jfl"oo  give  the  sensation  of  red] 
from  650,,;;,,,  to  SQOio'tjo.  the  sensation  of  orange;  txt 
430|irini  to  400i-iro(>'  t*^^  sensation  of  violet,  and  so  on.  Wh< 
rays  of  all  these  wave-lengths  fall  together,  in  the  pro|>or( 
in  which  they  are  present  in  sunlight,  upon  the  same  part 
the  retina,  the  resultant  physiological  effect  is  very  di^erent ; 
we  are  no  longer  able  to  distinguish  red,  blue,  green,  etc.  ;  w» 
receive  the  single  sensation  of  white  light.  The  sensation  is 
simple  one  ;  in  consciousness  we  have  no  hint  that  it  has  a  mulU] 
physical  cause. 

But  we  find  further  that  it  is  not  necessary  for  the  sensati 
of  white  light  that  waves  of  every  length  present  in  the  sola 
sjiectrum  should  be  mixed.     If  rays  of  wave-lengths  675, „*; 
(which  acting  alone  produce  the  sensation  of  red)  be  mixed 
certain  proportions — i.e.,  be  allowed  to  fall  on  the  same  part 
the  retina — with  rays  of  wave-length  4()6,,"„„  (which  give  tl 
sensation  of  bluish-green),  the  resultant  sensation  is  also  tl 
of  white  light.     And  an  indefinite  number  of  sets  can  In;  cm 
bined,  two  and  two,  so  as  to  give  the  same  sensation  of  whiti 
Such    colours    are   called   complementary.     The    following   are 
pairs  of  complementary  colours  : 

Red  and  bluish-green.  Yellow  and  ultramarine-blue. 

Orange  and  cyan-blue.*         Greenish-yellow  and  x'iolet. 

*  Cyan-blue  is  a  greemsh-blue. 


THE  SENSES 


829 


The  green  of  the  spectrum  has  no  simple  complementary 
colour  ;  purple,  a  mixture  of  red  and  v-iolet,  may  be  considered 
complementary  to  it.  Suppose  now  that  one  of  a  pair  of  com- 
plementary colours  is  added  to  the  other  in  greater  intensity 
than  is  required  to  give  white,  the  resultant  sensation  is  a  colour 
which  has  a  certain  amount  of  resemblance  both  to  white  and 
to  the  colour  present  in  excess.  Thus,  if  the  two  colours  are 
orange  and  blue,  and  the  blue  is  present  in  greater  intensity 
than  is  necessary  to  give  white,  the  resultant  colour  is  a  whitish 
or  pale  blue,  or.  to  use  the  technical  phrase,  an  unsaturated 
blue.  The  more  nearly  the  intensity  of  the  blue  rays  in  the 
mixed  light  approaches  the  projMjrtion  necessary  to  give  white, 
the  less  saturated  is  the  resultant  colour  ;  the  greater  the  excess 
of  blue,  the  more  nearly  docs  the  resultant  sensation  approach 
that  of  the  saturated  blue  of  the  spectrum.  But  any  non- 
saturated  spectral  colour  produced  by  the  mixture  of  two 
complementary  colours  may  be  equally  well  produced  by  the 
mixture  of  the  corresponding  si>ectrai  colour  with  a  certam 
quantity  of  ordinary  white  light.  And  it  is  found  that  when 
two  spectral  colours  which  are  not  complementary  are  mixed 
together  the  resultant  is  not  white,  but  a  colour  which  may  be 
matched  by  some  spectral  colour  lying  between  the  two,  either 
without  addition  or  plus  a  larger  or  smaller  quantity  of  ordinary 
white  light.  From  all  this  it  follows  that  the  retina  may  be 
excited  by  an  inhnite  number  of  different  physical  stimuli,  and 
yet  the  resultant  sensation  may  be  the  same.  This  leads  straight 
to  the  conclusion  that  somewhere  or  other  in  the  retino-cerebral 
apjjaratus  sim[iIification,  or  synthesis,  of  impressions  must  take 
place  ;  and  we  have  to  inquire  what  the  simplest  assumptions 
are  which  will  explain  all  the  phenomena.  Now,  it  is  not 
(Kissihle,  from  two  spectral  colours  alone,  to  produce  a  sensation 
corresponding  to  all  the  others.  By  mixing  three  standard 
spectral  colours,  however,  in  various  projiortions.  we  can  pro- 
duce not  only  the  sensation  of  white  light,  but  that  of  every 
colour  of  the  spectrum. 

Primary  Colours. — The  simplest  assumption  we  can  make, 
then,  is  that  tliere  are  three  standard  sensations,  and  that  either 
the  retina  itself  can  respond  by  no  niore  than  three  distinct 
modes  of  excitation  to  the  multiplex  stimuli  of  the  luminous 
vibrations,  or  that  complex  impulses  set  up  in  the  retina  are 
reduced  to  simplicity  because  the  central  apparatus  is  capable 
of  responding  by  only  three  distinct  kinds  of  sensation.  Wliich 
three  sensations  we  select  as  fundamental  or  primary  is,  to  a 
certain  extent,  arbitrary.  Pick  chose  red,  green,  and  blue; 
most  commonly  red,  green,  and  violet  a  ' 

colours.     Red,  yellow,  and  blue,  * 
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the  primary  colours,  from  data  yielded  by  the  mixture  of  pij 
meats,  will  not  do  ;  for  no  possible  combination  of  them 
produce  either  a  pure  green  or  white  light. 

The  Young-Helmholtz  Theory.— The  theory  which  best 
explains  tlie  facts,  and  has  been  most  widely  accepted,  is  thai 
of  Young,  generally  called,  on  account  of  its  adoption  and 
extension  bv  Helmholtz,  the  Young-Helmholtz  theory.  Il 
assumes  that  in  the  retina,  or  in  the  retino-cerebraJ  apparat 
tliere  are  three  kinds  of  elements* — (i)  '  red  fibres/  which 
chiefly  excited  by  light  of  comparatively  long  wave-length 
(red),  to  a  less  extent  by  light  of  medium  wave-length  (greenK 
and  to  a  still  less  extent  by  the  shortest  visible  waves  (violet) ;, 
(2)  '  green  fibres/  mainly  excited  by  medium,  but  also  to 
certain  extent  by  long   nnd   short   waves  ;    (3)    '  violet  fibres,' 


itus^l 
aieV 

iglfafl 
0. 

'4 


Fic.  369. — Curves  of  Excitability  or  Primary  Sensations  prom  Okm«v&- 
TIONS  ON  Colour  Mixtures  (Kuwig). 

Th«  numb«n  givt  wave-lrn{^h4  of  the  spectrum  in  millionth^  M  a  niilfiavtK- 

chiefly  affected  by  the  short  vibrations,  less  by  the  mediui 
and  still  less  by  the  long  waves.     The  curves  in  Fig.  369  ilh 
trate  these  relations.     It  must  be  carefully  remcmt)ered  tha( 
here  the  word  '  fibre  '   is  merely  a  convenient   term   to  avoi 
some  such  cumbrous  phrase  as  '  physiological  unit/     There  il 
no  ground  for  believing  that  an  anatomical  distinction  of  thr< 
*  fibre  '  groups  can  be  made  in  retina,  optic  nerve,  or  brain.. 

This  assumption  explains  the  phenomena  of  colour-mixl 
to  which  we  have  referred  above.     Wlien  all  the  ra\'s  of 
spectrum  act  upon  the  retina  together,   the  three  groups 
fibres  are  about  equally  excited,  and  this  equal  excitation  roaj 
be  supposed  to  be  the  condition  of  the  sensation  of  white  lighl 

•  Or.  in   the  more  modern  form  of  the  theory,  three  kinds  of  visx 
substance  capable  of  being  acted  on  by  light. 
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When  the  green  of  the  spectrum  alone  falls  on  the  retina,  the 
green  fibres  are  strongly  excited,  the  other  two  groups  only 
slightly  ;  this  is  the  relation  between  the  amount  of  excitation 
in  the  tliree  groups  which  is  associated  with  a  sensation  of 
spectral  green.  \VTien  two  complementary  colours,  such  as 
red  and  bluish-green,  fall  together  on  the  same  portion  of  the 
retina,  the  three  fibre  groups  are  excited  in  the  relative  propor- 
tions associated  with  the  sensation  of  white  light. 

'  WTicn  the  retina  is  stimulated  by  a  succession  of  short  flashes  of 
white  light,  that  are  not  completely  fused  (as  when  the  image  of  a 
flame  is  looked  at  in  a  small  rc\'olving  mirror,  or  the  flame  directly 
viewed  through  a  sUt  in  a  revolving  di&c),  the  proportion  between 
the  amount  of  excitation  in  the  three  hypothetical  groups  of  fibres  is 
not  constant,  and  the  resultant  sensation  is  not  that  of  white  light. 
For  any  given  intensity  of  light,  violet  preponderates  with  a  certain 
duration  of  each  stimulus  ;  with  a  shorter  duration,  green  :  with  a 
stitl  shorter  duration,  red.*  These  phenomena  arc  especially  seen 
at  the  edges  of  the  image,  which  is  surrounded  by  coloured  fringes. 
The  explanation  is  that  the  sensation  does  not  reach  its  maximum 
at  the  same  time  for  different  colours,  the  excitation  in  the  red  fibres 
increasing  at  first  more  rapidly  than  in  the  green,  and  in  the  green 
more  rapidiy  than  in  the  violet.  When  the  flashes  are  completely 
fused,  the  colour  phenomena  disappear,  and  the  resultant  impression 
is  white,  because  now  the  maximum  excitation  for  the  given 
intensity  of  light  and  duration  of  each  stimulus  is  steadily  main- 
tained. 

The  colour  triangle  is  a  graphic  method  of  representing 
various  facts  in  colour-mixture  (Fig.  370). 

The  chief  points  to  be  noted  are  the  following  :  (i)  On  the 
curve  the  spectral  colours  are  arranged  at  such  distances  that 
the  angle  contained 
between  straight 
lines  drawn  from 
the  point  marked 
'  white,*  and  inter- 
secting the  cur\'e  at 
the  positions  corre- 
sponding to  any  two 
colours  is  propor- 
tional to  their  differ- 
ence in  tone.  (2)  The 
distance  of  any  jwint 

of  the  curve  from  the  point  marked  '  white  '  is  proportional  to  the 
stimulation  intensity  of  the  colour  corresponding  to  it.  (If  the 
stimulation  intensities  of  all  the  colours  be  represented  by  pro- 
portional weights  lying  at  the  corresponding  jwints  on  the  curve, 
the  point  *  white  "  will  be  the  centre  of  gravity  of  the  system.) 
(3)  The  position  of  a  colour  produced  by  the  rai' 
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of  Spectral  colours  is  found  by  joining  the  corresponding  poini 
by  a  straight  line.  The  mixed  colour  lies  on  this  line  at 
tances  from  the  two  jxtints  inversely  proportional  to  the  stimul 
tion  intensity  of  the  two  colours — i.e.,  it  lies  in  the  centre 
gravity  of  the  weights  representing  the  two  colours.  (4)  It  i| 
a  particular  case  of  {3)  that  the  complementary  colours 
situated  at  the  jwints  where  straight  lines  drawn  throt 
'  white  '  intersect  the  curve,  since  tlie  point  marked  *  whilc^ 
is  the  centre  of  gravity  corresponding  to  a  pair  of  colours, 
when  it  lies  on  the  straight  line  joining  them.  Thus  the 
and  yellow  lying  between  the  red  and  green  are  mixtures 
the  red  and  green  sensations  in  different  proportions  ;  tl 
cyan-blue  and  indigo-blue  are  mixtures  of  the  green  and  vioU 
sensations.  The  purples,  represented  by  a  broken  line,  ai 
not  ]>resent  in  the  spectrum,  and  are  mixtures  of  red  and  violet. 

It  is  a  point  of  great  theoretical  interest  that  on  the  Youi 
Hclmholtz  theory  the  pure  spectral  colours,  although  phx'^cal 
saturated  (i.^.,  due  to  ethereal  vibrations  of  a  definite  wavc-lengi 
for  each  colour),  ought  not  to  be  phvsiologically  saturated,  since  the, 
all  excite  the  three  fibre  groups,  although  in  different  degrees,  li 
other  words,  the  red.  let  us  say,  of  the  spectrum  ought  not  to  be 
purest  or  fullest  red  which  it  is  jx)ssible  to  jierceive.  Now.  it 
found  that  tliis  is  really  the  case.  If.  for  example,  we  look  first  ;i1 
the  bluish-green,  and  then  at  the  red  of  the  spectrum,  the  «ieiLsatioi 
of  red  is  luUer  or  more  saturated  than  if  we  had  loolcetl  at  the  u 
dircctlv.  Similarly,  if  wc  look  first  at  a  small  bluish-green  squA) 
on  a  black  ground,  and  then  at  a  red  ground,  wc  see  a  more  fnllj 
saturated  square  in  the  middle  of  the  latter.  The  explanation,  oi 
the  Young-Helmholtz  theor>',  is  that  the  '  green  '  6bres  being  tiT< 
before  the  eye  is  turned  upon  the  red,  the  latter  colour  no  Iot 
affects  them,  or  affects  them  less  than  it  would  otherwise  do.  ai 
therefore  the  excitation  is  almost  entireiy  conlined  to  the  red  fibavi^ 
in  the  area  fatigued  for  green.  This  brings  us  to  the  subject 
retinal  fatigue,  and  the  related  phenomena  of  after-images  suii 
contrast. 

After-images.— We  have  seen  that  the  retinal  excitatic 
always  takes  time  to  die  away  after  the  stimulus  is  remolded,.' 
If  a  white  object  is  looked  at,  especially  when  the  eye  is  fi 
for  a  time  not  long  enough  to  cause  fatigue,  and  the  eyt 
then  closed,  an  image  of  the  object  remains  for  a  short  time, 
diminishing  in  brightness  at  first  rapidly,  then  more  slowly. 
This  is  a  |X)sitive  after-image,  and  by  careful  obserx-ation  itj 
may,  under  certain  conditions,  be  seen  that  the  jxisitivc  after- 
image of  a  white  object,  of  a  slit  illiuninated  by  sunlight,  forj 
example,  undergoes  changes  of  colour  as  it  fades,  passing  throt 
greenish-blue,  indigo,  violet,  or  rose,  to  dirty  orange.  On 
Young-Helmholtz  theory  this  is  explained  by  the  suppositioa 
that  the  excitation  does  not  decline  witli  the  same  rapidity  tn 
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the  three  hypothetical  fibre  groups.  If  the  object  is  looked  at 
for  a  longer  time,  or  if  the  eye  is  fatigued,  a  dark  or  negative 
image  may  be  seen  upon  the  faintly-illuminated  ground  of  the 
closed  eyes ;  but  negative  after-images  may  be  more  easily 
obtained  when  the  eye.  after  being  made  to  fix  a  small  white 
object  on  a  black  ground,  is  suddenly  turned  upon  a  white  or 
neutral  tint  surface. 

Here  Helmholtx  supposed  the  jx>rtion  of  the  retina  on  which 
the  imaji^e  c(  the  object  is  formed  to  be  more  or  less  fatigued. 
And  this  fatigue  will  extend  to  all  three  kinds  of  fibres  :  so  that 
white  light  of  a  given  intensity  will  now  cause  less  excitation 
in  this  ]>art  than  in  the  rest  of  the  retina.  It  is  easy  to  under- 
stand that  the  negative  after-image  of  a  coloured  object  will  be 
seen,  upon  a  white  ground,  in  the  complementary  colour,  for 
the  fibres  chiefly  excited  by  the  latter  will  have  been  least 
fatigued.  The  negative  after-images  seen  when  the  eye,  after 
receiving  the  positive  impression,  is  turned  upon  a  coloured 
ground,  vary  with  the  colour  of  the  object  and  ground  in  a  manner 
which  has  been  exi>lained  as  due  to  fatigue  of  one  or  other 
fibre  group.  It  is  ditftcuU,  however,  to  reconcile  the  fatigue 
hyixtthcsis  of  the  after-image  with  all  the  facts.  Hering  sup- 
poses that  the  retina  is  not  passively  fatigued,  but  that  a 
metabolic  change  is  set  up  in  it  which  is  of  the  opposite  kind  to 
that  caused  by  the  original  excitation  (see  p.  834). 

The  phenomena  of  negative  after-images  are  often  included 
together  as  e\am]>les  of  successive  contrast,  the  name  implying 
mutual  inrtuence  of  the  jwrtions  of  the  retina  successively 
stimulated.  We  have  now  to  consider  simultaneous  contrast, 
often  s|X)ken  of  simply  as  contrast. 

Contrast. — A  small  white  disc  in  a  black  field  appears  whiter, 
and  a  small  black  disc  in  a  white  field  darker,  than  a  large 
surface  of  exactly  the  same  objective  brightness.  A  disc  with 
alternate  sectors  of  white  and  black,  so  arranged  that  the  pro- 
portion of  white  to  black  increases  in  each  zone  from  centre  to 
circumference,  when  set  in  rotation,  ought,  by  Talbot's  law, 
to  show  sharply  marked  and  uniform  rings,  of  which  each  is 
brighter  than  that  internal  to  it.  But  each  zone  af>p^ars  brightest 
at  its  inner  edge,  where  it  borders  on  a  zone  darker  than  itself, 
and  darkest  at  its  outer  edge,  where  it  borders  on  a  brighter 
zone.  The  most  natural  explanation  of  this  is  that  in  the 
neighbourhood  of  an  excited  area  of  the  retina,  as  well  as  within 
the  area  itself,  the  excitability  is  diminished  ;  and  the  same 
explanation  holds  for  the  contrast  phenomena  of  coloured 
objects.  A  small  piece  of  grey  paper,  t.^.,  is  placed  on  a  green 
sheet.  The  grey  patch  ap]iears  in  the  compH 
of  the  ground — viz.,  pink  or  rose-red  (M 
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is  much  stronger  if  the  whole  is  covered  with  translucent  trai 
paper.     Here  we  piay  suppose  that  the  fatigue  of  the  ^o\x] 
fibres  chiefly  excited  by   the  ground  colour   spreads   iiiU>_ 
portion  of  the  retina  occupied  by  the  image  of  the  grey 
the  white  light  coming  from  the  latter,  therefore,  excites 
the  fibres  which  give  the  sensation  of  the  complementary  col< 
The  curious  phenomenon  of  coloured  shadows  is  also  an  ill 
tration  of  contrast.     They  may  be  produced  in  various  wa] 
For  example,  when  a  lamp  is  lit  in  a  room  in  the  twilipht,  bef< 
it  has  yet  grown  too  dark,  the  shadows  cast  by  opaque  obj< 
on  a  white  window-blind  are  coloured  blue.     The  yellow  \i\ 
of  the  lamp  overpowers  the  feeble  daylight  which  passes  throi 
the  blind,  and  the  general  ground  is  yellowish  ;  but  wherever  * 
shadow  is  thrown  it  appears  of  a  bluish  tint  in  contrast  to 
yellow  ground.     Here   the  only   illumination    the   eye   recen 
from  the  region  occupied  by  the  shadow  is  the  feeble  dayh^l 
Falling  upon  an  area  in  which  the  fibres  chiefly  excited  by  yell 
rays  are  more  or  less  fatigued,  it  causes  a  sensation  of  the 
plementary  colour.     As  darkness  comes  on.  the  shadows  becc 
black,  for  now  practically  no  light  at  all  comes  from  them. 

Helinhohz  looked  u{)on  simultaneous  contrast  as  a  result  of  faJ 
judgment,  and  not  of  a  change  of  excitabiUty  m  parts  of  the 
bordering  on  the  actually  excited  parts.  For  the  sake  of  jx^-rsj 
it  wiU  be  worth  while  to  apply  this  theor}'  by  way  of  iUustratii 
the  explanation  of  the  case  of  contrast  we  have  just  been  coostdi 
ing,  from  the  other  point  of  view,  in  Meyer's  experiment,  H< 
hoitz's  explanation  ot  this  experiment  is  as  follo%vs  :  \Mien  a  coloi 
surface  is  covered  with  translucent  paj^er,  the  latter  appears  as 
coloured  covering  spread  over  the  field.  The  raind  does  not  recog- 
nise that  at  the  grey  patch  there  is  any  breach  of  continuity  in  thii 
covering  :  it  is  therefore  assumed  that  the  greenish  veil  extends  ov 
this  spot  too.  Now,  the  grey  seen  through  the  translucent  wtui 
paper  is  objectively  white — i.e.,  sends  to  the  eye  the  \ibraiu 
which  together  would  give  the  sensation  of  white  light.  But  witt 
green  veil  in  front  of  it.  this  could  only  hapjwn  iif  the  really 
patch  was  the  colour  complemcntarv  to  green — that  is,  ro6<--r( 
The  raind,  therefore,  judges  falsely  that  the  jiatch  is  rod.  Hem 
has  severely  criticised  this  theon.-  of  Helrahoitz  as  to  false  jiidpmrnt*] 
and  the  weight  of  evidence  certainly  seems  to  be  in  favour  of  tl 
view  that  simultaneous,  like  successive,  contrast  is  due  to 
influence  of  one  jx>rtion  of  the  retina,  or  retino-cerebral  apparati 
on  another. 

Hering's  Theory  of  Colour  Vision. — The  Young-Hehnholl 
theorv  of  colour  vision  has  not  met  with  universal  acceptance' 
The  best-known  rival  theory  is  that  of  Hering,  who  takc<  his 
stand  upon  the  fact  that  certain  sensations  of  light  (red,  wlkiw^ 
green,  blue,  white,  black)  do  appear  to  us  to  be  fundamenU 
distinct  from  each  other,  while  all  the  rest  arc  obviously  mixtui 
of  these.     Accepting  these  six  as  primary  sensations,  he  asiunii 
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the  existence  in  the  visiwl  nervous  apparatus  of  substances 
ol  three  different  kinds,  which  may  be  called  the  black-white, 
the  green-red,  and  the  blue-yellow.  Like  all  other  constituents 
of  the  body,  these  substances  are  broken  do^\•n  and  built  up 
again — in  other  words,  undergo  disassimilation  and  assimilation, 
destructive  and  constructive  metabolism.  The  sensations  of 
black,  of  green,  and  of  blue  he  supposes  to  be  associated  with 
the  constructive,  and  the  sensations  of  white,  of  red,  and  of 
yellow  with  the  destructive,  processes  in  the  throe  substances. 
The  black-white  substance  is  used  up  under  the  influence  of  all 
the  rays  of  the  spectrum,  but  in  different  degrees  ;  the  smaller 
the  quantity  of  light  falling  on  the  retina,  the  more  rapidly  is  it 
restored,  and  the  more  intense  is  the  sensation  of  black.  The 
green-red  substance  is  built  up  by  green  rays,  broken  down  by 
red.  The  blue-yellow  substance  is  destroyed  by  yellow  rays, 
restored  by  blue.  When  any  of  the  visual  substances  are  con- 
sumed at  one  part  of  the  retin^x,  they  are  supposed  to  be  more 
rapidly  built  up  in  the  surrounding  parts,  and  in  this  way  many 
of  the  i>henomena  of  contrast  receive  an  easy  and  natural 
explanation. 

Sensibility  of  Different  Parts  of  the  Retina — Perimetry. — The  per- 
ception of  colours,  like  the  perception  of  white  light,  is  not  equally 
distinct  over  the  whole  retina.  We  have  repeatedly  had  occasion 
to  refer  to  the  fovea  centralis  as  the  region  of  most  distinct  \ision  ; 
but  it  would  be  a  mistake  to  suppose  that  it  is  therefore  necessarily 
more  sensitive  than  the  rest  of  the  retina.  As  a  matter  of  fact, 
when  the  minimum  intensity  of  white  light  which  will  cause  an 
impression  at  all  is  determined  for  each  portion  of  the  retina,  it 
is  found  that  the  fovea  centrahs  requires  a  somewhat  stronger 
stimulus  than  the  zone  immediately  surroundmg  it.  Objects  only 
a  little  brighter  than  the  general  ground  on  which  they  lie — e.g.^ 
very  faint  stars— are  best  seen  when  the  eye  is  directed  a  little  to 
one  side.  This  has  been  .ittributcd  to  the  «ibscncc  of  \isual  purple 
from  the  fovea,  the  \isual  purple  being  supposed  to  act  as  a 
mechanism  which  '  adapts  '  the  retina  for  the  perception  of  hght 
of  varying  intensity.  But.  with  this  exception,  the  sensibility  of 
the  retina  diminishes  steadily  from  centre  to  periphery,  both  for 
white  and  for  coloured  light. 

Konig  has.  indeed,  upheld  the  paradoxical  view  that  the  fovea 
is  absolutely  blind  for  blue  ravs,  supporting  this  assertion  by  two 
main  experiments  :  (a)  that  when  a  number  of  feebly  illuminated 
blue  points  are  look'?d  at,  those  that  fall  on  the  fovea  disappear  ; 
(fc)  that  when  the  moon  is  examined  through  a  blue  glass,  her  image 
is  blotted  out  as  soon  as  it  falls  on  the  fovea.  But.  as  Gad  has 
pointed  out,  the  moon's  image  i?  of  such  dimensions  that  it  would 
lie  well  within  the  fovea,  and  there  ought,  therefore,  to  bt^  no  diflfi- 
culty  in  getting  it  to  disappear  if  Konig's  theon,*  were  true.  Yet 
Komp  him«iclf  admits  that  his  second  experiment  is  difficult,  and 
succeeds  only  under  si>ecial  conditions.  Hering,  too,  seems  to  have 
shattered  Konig's  fir^t  argument  by  showing  that  the  disappear- 
ance of  the  weakly  illuminated  blue  points  is  only  an  illustration  of 
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the  phenomenon  known  as  Max^^'el^s  spot,  a  dark  blue  or  a] 
black  blot,  seen  in  the  ^^sltal  field  when  the  eye,  after  being 
closed  for  a  short  time,  is  directed  to  a  surface  illumirvated  by 
weak  blue  Hpht.      It  is  due  to  the  absorption  of  bine  light  bv 
pigment  of  the  ycUnw  s]x>t.  and  stands  out  as  a  rose-coloured 
when  a  source  of  white  U^ht  is  looked  at  through  a   solution 
chrome  alum,  since  all  the  hght  which  the  greenish  solution  pei 
to  pass  is  absorbed  by  the  macula  lutca.  except  the  red  ra  vs.      Hei 
indeed,  asserts  that  the  fovea  is  the  most  sensitive  part  of  the  rei 
for  colours,  in  opposition  to  Charpcntier,  who  finds  it  slightly 
sensitive  for  blue  than  the  zone  immediately  external  to  it. 

When  the  eve  is  fixed,  and  the  visual  field — that    is,  the 
space  from  which  light  can  reach  the  retina  in  the  given 
or,  what  comes  to  the  Simc  Thing,  the  projection  of  the  vis'ii 

on  the  retina  bvstrai 
lines     (>assing '  throi 
the    nodal     point 
plored    by   mr^ns  of 
perimeter      (Figs. 
ji'z).   it  is    found   tiul 
under    ordinarj'    con«i 
tions.  a  white  object 
seen  over  a  wid< 
than  any   co]our< 
ject,  a  blue  object 
a  wider  field  than 
and  a  red  over  a 
field  than  a  green  ob)«v1 
The  exact  shape,  as 
.IS    si/c.   of    the    xisx 
field  also  differs  sntnt 
what    for    differ  en 
colours.     And  altboucl 
it   liHs  been   shfJ^^•n   if 
Aubcrt  and  others  tlvti 
monochromatic  light  n 
ctjnsiderablc      intcniji 
can  be   perceived   ov 
the    whole    retina.    \i 
it  may  be  said  that  iu 
tetinal  rim  is  even  tJi<nj 
relatively     and,     undrr? 
ordinarj'  conditions.  a1 
solutely,  colour-blind.     This  and  other  tacts  have  given  rise  to  th< 
theory'  that  the  rods,  wliich  arc  alone  present  at   the  ora  serrat;i 
have  for  their  function  the  mere  perception  of  luminous  inir* 
as  such,  without  anv  distinction  of  quahtv  or  of  colour,      1 
are  supposed  on  this  thcor\-  to  be  more  fvighly  dcvflo|->ed  t 
rods,  their  function  being  connected  especially  with  the  pejrcej 
of  colour.     But  although  there  are  certain  histological  facts  i 
favour  the  \-iew  that  tlie  cones  are  a  more  highly-develojied 
of  the  rods,  it  cannot  be  considered  as  proved  that  animals  whose] 
retina'  are  devoid  of  cones  are  totally  colour-blmd.      \nd.  ludcrd, 
the  observations  of  Hess  and  Hering  on  total  colour-bhudnes-* 
man  show  that  the  assumption  of  v.  Kries  and  Konig,  that  m  Ihi 
condition  the  cones  arc  cither  entirely  insensitive  or  replaced  by 
rods,  is  unfounded. 


Fic  371. — Piu£STLKv  Smith's  PtiuMXTrn. 

K,  rest  for  rhiji  ;  O,  positiou  of  «>-c  ;  Ob.  object, 
white  or  coloured,  which  slides  on  the  graduated 
arc  B  ;  /,  point  fixed  by  the  eye. 
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This  brings  us  to  the  subject  of  colour-blindness,  a  pheno- 
menon of  great  interest  in  its  theoretical  as  well  as  in  its  practical 
hearings. 

Colour-blindness. — A  considerable  number  of  persons  (about 
4  per  cent,  ol  all  males,  but  only  one-tenth  of  this  proportion 
of  females)  are  deikient  in  the  power  of  distinguishing  between 
certain  colours.  Thuy  arc  said  to  be  colour-blind  ;  but  the 
term  must  not  be  taken  to  sitjnify  that  they  are  absolutely 
devoid  of  colour-sensations.    A   very  small   minority  of   the 


-"--??.^- 


■^I'-^^-':: 


hic.  37i. — Perimetric  Chart  of  Right  Evb. 

ObtAiaed  i%ith  the  p-rimeter  shonii  in  Fig.  37i>    The  numbers  represent  degrees 
of  tbo  visual  field  me»ure<1  on  tbe  icraduated  arc  oi  the  periiueter. 


coloxu-blind  appear  to  have  but  one  sensation  of  colour ;(total 
colour-blindness).  All  colours  are  confused  by  them.  A  very 
few  confuse  blue  with  yellow.  The  great  majority  are  unable 
to  distinguish  lietwcen  red  and  green.  The  condition  will  be 
most  easily  understood  by  considering  some  of  the  extraordinary 
mistakes  which  may  l>e  made  by  the  colour-bhnd  without 
neces-^arily  leading  them  to  suspect  that  there  is  anything 
abnormal  in  their  vision.  Thus,  to  quote  the  words  of  a  dis- 
tmguished  writer  on  this  "  '  '^  sufferer  (rom  the 
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deficiency  :  '  A  naval  officer  purchases  red  breeches  to  maU 
his  bhie  uniform  :   a  tailor  repairs  a  black  article  of  dress  vritb' 
crimson  clolli  :  a  painter  colours  trees  red,  the  sky   pink,  and. 
human  cheeks   blue.'     The  shoemaker,   Harris,    the   discoverei 
of  colour-blindness,   picked  up  a  stocking,   and   was   surjn 
to  hear  other  people  describe  it  as  a  red  stocking  ;   it  seemc 
to  him  only  a  stocking.     The  celebrated  Dalton  was  tweniy- 
six  years  of  age  before  he  knew  that  he  was  colour-blind.     H«| 
matched  sam|jles  of   red.   pink,   orange,   and  brown    silk  wiihj 
green  of  different  shades  ;  blue  both  with  pink  and  with  violet 
lilac  with  grey. 

When  the  condition  of  vision  in  the  great  majority  of  the  colour- 
blind is  tested  by  means  of  the  spcctnira.  it  is  found  that  they  UU^ 
into  two  classes:  (:)  A  class  (of  green-blind^  by  whom  the  wh< 
of  the  spectrum  from  red  to  yellow  is  described  as  yvllow  of  difirrcnl 
degrees  of  brightness  (intensity)  ;  the  green  appears  as  a  pale  ycU**! 
wth  a  grey  or  white  band  in  its  midst ;  while  the  violet  end  is  sccfti 
as  different  slindcs  of  blue.  {2)  A  class  (of  red-blind)  whose  wbnloi 
spectrum,  from  red  to  green,  is  seen  as  green  of  different  intensitnf%] 
the  extreme  red  being  entirely  in\'isiblc.  The  \-iolet  end  is  blue,  .is  mj 
( I ).  and  there  is  a  band  of  white  or  grey  near  the  blue  end  of  the  green. 

Sir  John  Hcrschell  explained  Dalton 's  peculiarity  of  vision  on  Ihd 
hypothesis  that  he  ouly  pftssessed  two,  instead  of  three,  primaryj 
sensations. 

On  the  Young-Heiraholt?.  theory,  the  missing  sensation  is  supj 
to  be  either  red  or  green.     At  the  intersection  of  the  curves  thai 
represent  the  violet  and  green  sensations  (Fig.  369),  the  red-bhndj 
individual  will  sec  wliat  he  describes  as  white — \-i2..  the  sensation- 
produced  by  the  stimulation  of  the  only  two  fibre-groups  he  pos- 
sesses.    Similarly,  at  the  intersection  of  the  red  and  \iolet  CMr\Ya 
the  green-blind  person  will  see  what  is  white  to  him. 

On  Hering's  tueory  the  colour-blind  possess  the  blue-yellow,  but 
lack  the  green-red  visual  substance.  So  that  on  this  thcor\'  thcroi 
should  be  no  diilerence  between  red-blindness  and  green-blindness. 
But  V.  Kries,  in  a  study  of  twenty  cases  of  congenital  partial  colour- 
blindness, brings  forward  strong  e\-idence  that  the  rcd-grecn  bUor 
can  be  divided^  as  regards  the  comparison  of  red  (lithium)  rin< 
orange  (sodium)  light,  into  two  sharply-separated  groups — a  rc^uH 
which  is  emphatically  in  favour  of  the  \otmg-He!mholtz  theory^ 
and  against  the  theory  of  Hering. 

The  observations  of   Burch  on  temporary  colour-blindness 
duccd  by  placing  the  eye  behind  a  transparent  coloured  screen  ai 
focussing  a  beam  of  strong  sunlight  on  it,  lend  additional  sui 
to  the  former  theory.     Thus,  if  a  spectrum  is  looked  at  alter 
blindness  has  been  induced  by  cxp<jsure  of  the  eye  ti>  "rr.-n 
the  red  portion  of  the  spectrum  seems  to  pass  into  tlv 
intermediate  green  band  is  seen.     If  the  eye  is  rxp<' 
light  it  becomes  temporarily  blind  not  only  for  yeno\« 
red  and  green.     This  vj  in  favour  of  the  assvimption  »' 
Helmholtz  theory  that  the  sensation  of  yellow  is  caused  1 
retinal  elements  concerned  in  the  pro«"luction  of  the  set 
red    and    green    are   simultaneously    stimulated.     It    ■» 
equally  difficult   to  reconcile  some  of   the   iihcnomep 
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blindness  produced  by  disease  (atrophy  of  the  optic  nerve)  or  by 
abuse  of  tobacco  with  the  Young-HclmUoHz  theory,  tor  in  some  ot 
thescr  cases  the  only  colour  seen  in  the  si^ectnim  is  blue,  the  rest  is 
white  ;  and  the  theor\'  does  not  pro\*ide  for  the  production  of  the 
sens:\tion  of  white  by  excitation  of  a  single  ^roup  of  fibres  with 
ordinary  intensity  of  stimulation.  Colnur-blindncss,  in  its  true 
sense,  is  always  congenital,  often  hereditary  ;  the  colour-blmd 
are  '  born,  not  made.'  And  although  the  condition  cannot  be  cured, 
it  is  of  great  importance  that  it  should  be  reco(j^ised  in  the  case  oi 
l->crsons  occupxnng  jwsitions  such  as  those  of  engine-drivers,  railway- 
guards,  and  sailors,  in  which  coloured  lights  have  to  be  distinguished. 
For,  while  it  is  true  that  the  sensations  which  red  and  green  lights 
give  the  colour-blind  are  far  from  being  identical  (Pole)  under 
favourable  conditions,  it  is  precisely  when  the  coaditions  are  un- 
favour.ible— as  in  a  fog  or  a  snow-storm — that  the  capacity  oi 
distinguishing  them  becomes  invaluable. 

Irradiation  was  first  described  by  Kepler,  who  gjive  as  an  example 
the  .ip]K.'aranLc  known  a;,  the  *  new  moon  in  the  old  moon's  anns.' 
where  the  crescent  ot  the  new  moon  seems  to  overlap  and  embrace 
the  unilluminated  portion  of  the  lunar  disc.  A  white  circle  on  a 
black  ground  (Fig.  373)  appears,  in  a  good  light,  to  be  larger  than 
an  exactly  equal  black  circle  on  a  white  ground.  The  explanation 
is  as  follows :  Owing  to  the 
aberration  of  the  refractive 
media  of  the  eye  (p.  "99).  all 
the  rays  proceeding  from  the 
luminous  object  are  not  brought 
accurately  to  a  focus  on  the 
retina,  and  the  image  is  sur- 
rounded by  diffusion  circles  (p. 
790)  which  encroach  upon  the 
unilluminated  boundar\-.   Physi-  Fio-  373* 

cally  these   represent   a  weaker 

illumination  than  that  of  the  image  proper,  and  therefore  the 
latter  ought  to  stand  out  in  its  real  size  as  a  brighter  area  sur- 
rounded by  %\'eaker  haloes.  That  tliis  is  not  the  case,  and  that  the 
image  is  projected  in  its  full  brightness  for  a  certain  distance  over 
its  dark  boundary,  is  due  to  the  fact  that  the  eye  does  not  recognise 
veri,*  small  differences  of  brightness.  When  the  accommodation 
is  not  perfect,  the  diffusion  circles  are,  of  course,  much  wider,  and 
irradiation  is  better  marked  when  the  object  is  a  Uttlc  out  of  focus. 

It  is  A  question  of  interest  whether  the  retina  can  be  excited  by 
any  other  disturbances  in  the  other  than  ordinary'  light  waves.  The 
statement  has  been  made  thiit  the  Rontgcn  rays  excite  \isual 
sensations,  and  it  is  certain  that  this  is  true  of  the  rax^s  or  the  emana- 
tion given  off  by  radium.  U  in  the  dark  a  vessel  containing  a 
radium  salt  is  brought  into  the  neighbourhood  of  the  closed  eyelids 
or  the  temple,  a  sensation  of  brightness  is  experienced.  This, 
however,  is  not  due  to  direct  excitation  of  the  retina  by  the  radium 
rays,  but  to  the  phosphorescence  set  up  in  the  media  of  the  eye  by 
the  radium  emanation.  Of  all  the  tissues  the  lens  is  most  strongly 
phosphorescent  after   exposure   to   radium.     In   blindness  due   to 

LCitv  of  ♦hf  •«  -vViere  the  retina  is  still  sensitive,  the  radium 

-Here  the  retina  is  totally  insensitive 
•^ys  do  not  cause  bleaching  of  the 
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The  Movements  of  the  Eyes. — That  the  eyes  may  be  effici< 
instruments  oi  vision,  it  is  necessary  that  they  should  have  l! 
power  of  moving  independently  of  the  head-  An  eye  whi( 
could  not  move,  though  certainly  better  than  an  eye  whicli  cox 
not  see,  would  yet  be  as  imperfect  after  its  kind  as  a  ship  whi( 
could  run  before  the  wind,  but  could  not  tack.  The  mere  fac 
that  the  angle  between  the  visual  axes  must  be  adapted  to  tl 
distance  of  the  object  looked  at  renders  this  obxHous  ;  and  tl 
beauty  of  the  intrinsic  mechanism  of  the  eyeball  has  its  fittii 
complfment  in  the  precision,  delicacy,  and  range  of  movement 
conferred  upon  it  by  its  extrinsic  muscles. 

Not  only  are  movements  of  convergence  and  divergence  olj 
the  eyeballs  necessary  in  accommodating  ior  objects  at  differ* 
distances,  but  without  compensatory  movements  of  the  cv 
it  ^vouId  be  imjx>ssible  to  avoid  diplopia  with  every  movemeni 
of  the  head  ;  for  the  images  of  an  object  fixed  in  one  jxjsition  ol 
the  head  would  not  continue  to  fall  on  corresponding  pfiint* 
the  retinie  in  another  position. 

All  the  complicated  movements  of  the  eyeball  may  be  looki 
upon  as  rotations  round  axes  passing  through  a  single  {X}int,| 
which  to  a  near  approximation  always  remains  fixed,  and  is 
situated  about  177  mm.  behind  the  centre  of  the  eye. 


The  position  which  the  eyeballs  take  up  when  the  gaze  is  directed 
to  the  horizon,  or  to  any  distant  point  at  the  level  of  the  evTfs. 
called  the  primary  position.  I^lere  the  visual  axes  are  parallel,  an< 
the  plane  passing  through  them  horizontal.  WTiUe  the  head  rcmaJi 
fixed  in  this  position,  the  eyeballs  can  rotate  up  or  do\vn  around 
horizontal  axis,  or  from  aide  to  side  around  a  vertical  axis 
upwards  and  inwards,  downwards  and  outwards,  downwiirds  aa< 
inwards,  and  upwards  and  outwards  around  oblique  axes,  whicl 
always  lie  in  the  same  plane  as  the  ^•e^tical  and  horizontal  axes 
rotation — i.^.,  in  the  vertical  plane  passing  through  the  fixed  centre 
of  rotation.  These  facts,  spoken  of  collectively  as  Listing's  Uw. 
and  first  deduced  by  him  from  theoretical  considerations,  wrre 
afterwards  proved  experimentally  by  Hclmholtz  and  Donders.  Il 
necessarily  follows  from  T.isting's  law  (and  this  is,  indeed,  anotbci 
way  of  stating  it)  that  in  moving  from  the  primary  position  into 
other,  there  is  no  rotation  of  the  eyeball  round  the  visual 
no  wheel-movement,  as  it  is  called. 

A  true  rotation  of  the  eye  round  the  visual  axis  does,  however^ 
occur  when  the  eyes  are  converged  as  in  accommodation  for  a  m 
object,  each  eyeball  rotating  tctwards  the  temporal  side.  This  _ 
especially  the  case  when  the  eyes  are  at  the  same  time  converged' 
and  directed  downwards  ;  and  the  rotation  may  amount  to  as  mi 
as  5°.  \NT»en  the  head  is  rolled  from  side  to  side,  while  the  ev< 
arc  kept  fixed  on  an  object,  a  slight  compensator^'  rotation  oi 
e>'ebans  takes  place  against  the  direction  of  rotation  of  the 
The  amoimt  of  rotation  of  the  eyes  is  relativciv  greater  lor 
than  for  large  movements  of  the  head  (eye  5"  Jor  hesid  20^ 
10*  for  head  80"— Kuster). 
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The  Extrinsic  Muscles  of  the  Eye. — The  eyeball  is  acted 

u|.xjn  by  six  muscles  arranged  in  three  pairs,  which  may  be 
considered,  roughly  speaking,  as  antagonistic  sets.  These  are 
the  internal  and  external  recti,  the  superior  and  inferior  recti, 
and  the  sm>erior  and  inferior  obUqui. 

Although  the  movements  of  the  eye  have  been  very  fully 
studied,  and  are,  upon  the  whole,  well  understood,  our  know- 
ledge of  the  manner  in  which  any  given  movement  is  brought 
about,  and  the  exact  action  of  the  muscles  which  take  i>art  in 
it,  is  by  no  means  as  copious  and  precise.  And  from  the  nature 
of  the  case,  the  greater  p>art  of  what  we  do  know  has  been  in- 
ferred from  the  anatomical  relations  of  the  muscles  as  revealed 
by  dissection  in  the  dead  body  rather  than  pained  from  actual 
observation  of  the 
living  eye.  A  plane. 
called  the  plane  of 
traction,  is  supposed 
to  fiass  through  the 
middle  ]x>ints  of  the 
origin  and  insertion 
of  the  muscle  whose 
action  is  to  lie  investi- 
gated, and  through 
the  centre  of  rotation 
of  the  eyeball.  A 
straight  line  drawn 
at  right  angles  to 
this  plane  through  tlie 
centre  of  rotation  is 
evidently  the  axis 
round  which  the  mus- 
cle when  it  contracts 
will  cause  the  eye   to 

rotate,  provided  that  the  fibres  of  the  muscle  are  symmetrically 
distributed  on  each  side  of  the  plane  of  traction.  The  axes  of 
rotation  of  the  antagonistic  pairs  almost,  but  not  completely, 
coincide  with  each  other.  The  common  axis  of  the  external  and 
internal  recti  practically  coincides  with  the  vertical  axis  of  the 
eyeball  (Fig.  374)  in  the  primary  jjosition.  The  eye  is  turned 
towards  the  temple  when  the  external  rectus  alone  contracts, 
towards  the  nose  when  the  internal  rectus  alone  contracts.  The 
common  axis  of  the  superior  and  inferior  recti,  fi,  hes  in  the 
horizontal  visual  plane  in  the  primar>'  position,  but  makes  an 
angle  of  about  20°  with  the  transverse  axis,  its  inner  end  being 
tilted  forwards.      The  cons*  '      '        rontraction  of   the 

su))erior  rectus  turns  th  of  the  inferior 


l-'iG.  ji74.  — IInRu.-.sr*i  SfctTTios  or  l.iir  Hvk. 

Arrows  shtrw  dirrrtion  of  piill  ot  tlie  inusdfs. 
The  axis  of  rotntion  of  the  external  and  internal 
recti  wuuld  pass  through  the  intenectlon  of  b 
and  ^  at  right  ancrlcs  to  ihc  plane  of  the  paper. 
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rectus  turns  it  down,  but  twth  movements  are  also  combined  wi{ 

.slight  inward  rotation.  The  common  axis  of  the  oblique  mu^clt 
1^  makes  an  angle  of  60  with  the  transverse  axis,  the  outer  « 
of  it  being  the  most  anterior.  The  direction  of  traction  ol  il 
superior  oblique  is,  of  course,  given  not  by  the  hne  joining  il 
bony  origin  and  its  insertion,  but  by  the  direction  of  the  porti( 
reflected  over  the  pulley.  WTien  the  superior  oblique  contraci 
alone,  the  eyeball  is  rotated  outwards  and  downwards  ;  ihc 
inferior  oblique  causes  an  outward  and  upward  rotation.  N< 
of  the  coinnioii  axes  of  rotation  of  the  j>airs  ol  muscles,  exce| 
that  of  the  external  and  internal  recti,  lies  in  Listing's  plan< 
Now,  as  we  have  seen  that  every  movement  which  the  cy 
supposed  to  be  originally  in  the  primary  position,  can  execul 
may  be  considered  as  a  rotation  round  an  axis  in  this  plane. 
is  clear  that  every  movement,  except  truly  transverse  rotatic 
must  be  brought  about  by  more  than  one  pair  of  muscles.  F< 
vertical  rotation,  ihe  inward  pull  of  the  superior  rectus 
antagonized  by  a  simultaneous  outward  pull  of  the  inferi 
oblique  ;  for  downward  rotation,  the  inferior  rectus  and  supci 
oblique  act  together.  In  oblique  movements,  a  muscle  of 
of  the  three  pairs  is  concerned.  The  effect  on  the  eyeball 
simultaneous  contraction  of  certain  pairs  of  muscles  may 
summarised  thus  : 

External  rectus  (outward) +  intcmnl  rectus  (inward)  ^aonc. 

Superior  rectus  (upward  and  inward)  +  inferior  oblique    (upw: 
and  outward)  -upward. 

Inferior  rectus  (downward  and  inward) +superior  oblique   (dowoi 
ward  and  outward)  =  downward. 


HEARING. 

The  transverse  vibrations  of  the  ether  fall  upon  all  parts  of  t) 
surface  of  the  body,  but  only  find  ncrvc-cndings  capable  of  girii 
the  sensation  of  light  in  the  little  discs,  which  we  call  the  retin^] 
So  the  much  longer  and  slower  longitudinal  waves  of  condens^iiLoni 
and  rarefaction  which  are  bemg  constantly  originated  in  t! 
or  imparted  to  it  by  solid  or  Uquid  bodies  that  have  been  thci 
set  vibrating   fall  upon  all  parts  ol  the  surface,  but  only  pi 
the  sens-^tion  of  sound  when  they  strike  upon  the  tiny  tnechan] 
of  the  internal  car. 

But  ju5t  as  the  ethereal  v-ibrations,  and  especially  those  of  greati 
wave-length,  are  able  to  excite  certain  end-organs  in  the  skin  whic 
have  to  do  with  the  sensation  of  temperature,  so  the  sound- whv-m 
when  sufficiently  large,  are  also  capable  of  stimulating  cci 
cutaneous  nerves  and  of  giWng  rise  to  a  sensation  of  mti 
pressure  or  thrill.  This  is  readily  perceived  when  the  fti 
immersed  in  a  vessel  of  water  into  which  dips  a  tube  connectc< 
a  source  ol  sound,  or  when  a  vibrating  bell  or  tumng-fork  1*  tot 


THE  SENSHS 


843 


So  Car  as  we  know,  what  takes  place  in  tlie  ear  is  essentially  similar — 
that  is  to  say,  a  mechanical  stimulation  of  the  ends  of  thie  auditory 
nerve,  but  a  stimulation  which  acts  through,  and  is  graduated  anci 
controlled  by.  a  special  intermediate  mechanism. 

As  the  visual  apparatus  consists  of  a  sensitive  surface,  the 
retina,  which  contain*^  the  end-organs  of  the  optic  nerve  and  of 
dioptric  arrangements  which  receive  and  focus  the  rays  of 
light,  the  auiliti>ry  a]»paratus  consists  of  the  sensitive  end- 
organs  of  the  eighth  nerve  and  of  a  mechanism  which  receives 
the  sound-waves  and  communicatee  them  to  these. 


Physiolosical  Anatomy  of  the  Ear. — At  the  bottom  of  the  external 

auditon,^  meatus  lies  the  niembrana  tympani,  a  nearly  circular 
membrane  set  like  a  drum-skin  in  a  ring  oi  bone,  and  separatmg 
the  meatus  from  the  tym- 
piinum  or  middle  car.  Its  ex- 
ternal surface  looks  obliquely 
downwards,  and  at  the  same 
time  somewhat  forwards,  so 
that  if  prolonged  the  mem- 
branes of  the  two  ears  would 
cut  each  other  in  front  of. 
and  also  below,  the  hori- 
zontal hnc  passing  through 
the    centre    of    each    (Figs. 

The  ty*mpanum  contains  a 
chain  of  little  bones  stretch- 
ing right  across  it  from  outer 
to  inner  wall.  Of  these  the 
malleus,  or  hammer,  is  the 
most  e.xtcnial.  Its  manu- 
brium, or  handle,  is  inserted 
into  the  membrana  tympani, 
which  is  not  stretched  taut 
\nthin  its  bony  ring,  but 
bulges  inwTirds  at  the  centre, 
where  the  handle  of  the  mal- 
leus is  attached.  The  stapes, 
or  stirrup,  is  the  most  internal 
of  the  chain  ol  ossicles,  and  is  inserted  by  its  foot-plate  into  a  small 
oval  opening — the  foramen  ovale — on  the  inner  wall  of  the  tympanic 
cavity.  A  membranous  ring — the  orbicular  membrane — surrounds 
the  foot  of  the  stapes,  helping  to  fill  up  the  foramen  and  attaching 
the  bone  to  its  edges.  The  inner  surface  of  the  foot  of  the  stapes  is 
in  contact  with  the  perilymph  of  the  internal  ear.  The  incus,  or 
anvil,  forms  a  link  between  the  malleus  and  the  stapes.  The 
auditon,'  ossicles,  as  well  as  the  whole  cavity  of  the  tympanum,  are 
covered  by  pavement  epitheUum.  The  tympanum  is  not  an  abso- 
lutely closed  cliamber  ;  it  has  one  chv.nnel  of  tiunimniii  .itiim  with 
the  external  air — the  Kustachian  tube.     Bv  li  ■''  «^iha 

which  hne  this  tube  the  scanty  secre*-**^"     '  '"ovcd 

towards    its    pliaTT,-npeal    openiutf.  ' 

ossicles  is  steadied  and  its  mo* 


Fi..  375-— Tin  Eaii. 
m,  pxt«rnal  meaius  :  t,  head  of  niaUcu»  ; 
t>,  short   pnxcs*  of  malleus  :    i*.  hanJIe  of 
m.iUpiis  ;  h,  incus  ;  f.  loo:  of  f-tapes  in  oval 
foramen  ;  e,  tympAiitc  mea:t>rane- 
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by  the  tension  of  its  terminal  mcmbraaes.  It  forms  a  kind  of 
le\*cr,  by  which  the  oscillations  of  the  mcmbrana  tympani  arc 
ferred  to  the  membrane  covering  the  oval  foramen,  and  at  tlie 
time  reduced  in  size.  Two  slender  muscles,  the  tensor  tyva:^ 
and  stapedius,  contained  in  the  tympanic  cavity  arc  also  connected 
with)  and  may  act  upon  the  ossicles-  The  former  lies  in  a  groow 
above  the  Eustachian  tube,  and  its  tendon,  passing  round  a  land 
of  osseous  pulley  (processus  cocWeariformis),  is  inserted  into  the 
handle  of  the  malleus  ;  the  stajiedius  is  lodged  in  a  hollow  of  ibc 
inner  bony  wall  of  the  tympanum.  Its  tendon  is  attached  to  ihe 
neck  of  the  stapes  near  its  articulation  with  the  incus.     This  itisus 

wall  is  pierced  DOt 
only  by  the 
forameri,  but 
by  a  round  o 
iiig,  the  fenestra 
tunda,  which 
closed  by  a  mem- 
brane to  which  the 
name  of  secondary 
niembrana  tymj>; 
is  soinetirue:^  gi\Tr 

The  internal 
consists  of  the 
labyrinth,  a  scries 
curiously  exca\*at< 
and  comTnunicati; 
spaces  in  the  sub- 
sta  ncc  oi  the  petrous 
portion  of  the  tcto- 
poral  bone.  ftUrd 
with  a  liquid 
the  pcriUnnph, 
which,  anchored 
strands  of  cono 
tive  tissue,  floats 
corresponding 
of  membrano 
canals  (the  me 
branous  lab>Tinth! 
filled  with  a  Utpi 
called  endol 
The  labyrui 
the  internal 
divided  into  tb 
well-mnrVrd   p*i 


Fk, 


37G- — TVMPAXl'U    OF     LtFT    EaK. 

Ossicles  (Morris). 


SUOWINO    THE 


1.  superior,  and  4,  external,  ligament  of  mallei i«  ; 
3.  bead ;  7,  sfaurt  process,  and  10,  manubrium  or 
handle,  of  malleus  ;  5.  lt»ng  pn»re5So|  incus,  terminating 
in  0,  the  CIS  orbicularc  ;  6,  bas*>.  and  8,  head,  uf  stapes  ; 
II,  Hustarhiaii  tube;  12,  external  auditory  meatus; 
13.  membrana  i|i*mpani :  3,  upper,  and  i-i.  lower,  part 
of  tympanum. 


the  coclilea,  the  vestibule,  and  the  semicircular  canals  ( J 

cochlea,  the  most  anterior  of  the  three,  consists  of  a  C" 

which  coils  round  a  central  pillar  or  modiolus  like  a  s: 

The  lamina  spiralis  projects  from  the  modiolus  and  Ui 

into  an  upper  compartment,  the  scala  vestibuli,  aiul  .1 

scala  t>'mpani  (Fig.  ^jS),     The  part  of  the  lamina  next  tiK-  itnt 

olus  is  of  bone,  but  it  is  completed  at  its  outer  edge  by  a  to 

the   lamina  spiralis  membranacea.     The  scala   tym|)ani 

the  fenestra  rotunda,  and  its  perilymph  is  only  separiite 

air  of  the  tympanic  cavity  by  the  raembraiie  which 
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opening.  At  the  apex  of  the  cochlea  the  lamina  spiralis  is  incom- 
plete, ending  in  a  cre^centic  border,  so  that  the  scala  t>*mpani  and 
the  scala  vcstibuli  here  commiimcate  by  a  small  opening,  the  heli- 
cotrema.     The   3cala   vcstibuli   communicates   with   the   vestibule. 


—a 


Fic.    37?.— Diagram  of  Right  MtMBRAsoua  Lasyrimth  (Sewall,  Arrsn 

Testi't). 

Xi  utricle  ;  a*  3,  4,  superior,  postmen*,  and  horizontal  scmicJrcuUr  canals ; 

5,  saccule  ;  A,  ductu$  endohtnphatjrus  arising  bv  two  hraiichts,  7.  7' :  S.  saccus 
endohiniibaticus  :  o.  canalis  cocblean«  (ciiial  of  Ihp  cochlear  rndiag  at  9',  aad  9'  ; 
10,  canalis  rouniciis. 

and  the  \'estibule  vnth  the  semicircular  canals,  so  that  the  peri- 
lymph of  the  entire  lab>Tinth  forms  a  continuous  sheet,  separated 
from  the  cavity  of  the  middle  ear  by  the  structures  that  fill  up  the 
round  and  ovaX  foramina.      In  the  membranous  labyrinth,  and  in 


Rftssttfirk  fH*wlru*i 


Ithrescf 

\utillOi 


Si*iia  Kahl'uft    '^' 


St  rtfn  lifmpnfii 


CoMtths  f'Cthi^i' 

f  w  rfvfitt 
I     J  fa,  rr,  fir, 

T    Afetfif>ttjf/ct 
I  b  a  Si  tans 


Fig.  378.— Transversl  Si 


OF  A  Ti'RS  OP  THE  Cochlea  (1)iaoham< 

UATIC). 


it  alone,  are  »<  the  end-organs  tjf  llu-  auditory  nerve.     The 

Hiembranou?   1  *    '             '**  i*  a  small  canal  of  triangular 

ictinn.  cut  oti  •  the  membrane  of  Reissner, 

rhieh  stretc'  bony  spiral  lamina  to  the 
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outer  wall  (Fig.  378).  It  has  received  the  name  of  the  scaU  oaMu. 
or  canal  of  the  cochlea.  Bfrlow  it  ends  blindly,  but  commamcue 
by  a  sidc-cJiannel  w'ith  the  portion  of  the  membranous  vestibiik 
called  the  SHCcnle,  which  in  its  turn  communicates  w-ith  the  otridr 
by  the  Y-shaped  origin  of  the  ductus  endoh-mphaticus.  Into  thr 
utricle  open  the  three  semicircular  canals,  the  endolyniph  of  which 
has,  therefore,  free  communication  with  that  of  the  vestibule  and 
cochlea.  But  although  the  semicircular  canals  and  vestibule  beloaie 
anatomically  to  the  internal  ear,  and  are  supplied  by  bnmclirt 
of  the  auditory  nerve,  we  have  no  positive  prooi  that  in  the  higbw 
animals,  at  least,  they  are  in  any  way  concerned  in  hearing ;  and 
since  experiment  has  assigned  them,  with  a  great  degree  of  prob- 
ability, a  definite  function  of  another  kind  (p.  733),  wc  shall  not  con- 


n     i 


N 


vs 


ti 


mb 


Fig.  379* — Organ  or  Cobti  {Barksr,  after  Retzhis). 

tnb,  basilar  mwnbranc  ;  tb.  iU  tympanal  tuvering  ;  vs,  bloo*i\<-- 
fc,    meduUatcd  ilistal  processes  of   bipolar   nerve-c^Us  in   Ih- 
passing  in  to  arborize  around  ihr  haiT'cr\h  ;   tS,  epitb'^lial  cell 
the  cpitholiiun  of  ihe  sulcus  spiralis  intcnius  :  />,  inner  pillar 
ba&alccU.b;  /i*.  outer  pilUr  with  its.  basal  cell,  b' .  1,2.  3  supp-irdn 
whose  processes  run  up  to  be  attached  to  the  lamina  reticularis.  *  .  H, 
supporting  cells  ;  C,  cells  of  Claudius  :  1,  iutemal  hair-cell  with  it*  bAirwi 
upper  part  of  the  hair-cell  is  concealed  by  the  head  n|  the  bmcr  piUw  of 
c.  external  hair -cell  ;  e'.  hairs  of  three  external  bair-c^Us  ;  n,  «*,  to  «*,  rrosn. 
of  The  spiral  strand  o(  cochlear  nerve-fibres. 


sidcr  them  further  in  this  connection.     Thi-  scala  media  c< 
the  organ  of  Corti.  which  (Fig.  379)  consists  of  a  series  of  m( 
epithelial   cells   planted   u|x>n   the    membranotis   spiral    lai 
basilar  membrane.     The  most  conspicuous  constituent  of  thci 
is  a  laver  of  parallel  transparent  hbrils.     The  epithelial  cells 
three  kinds:  (1)  supporting  epithelial  cells;  (j)  the  pillars  or 
of  Corti,  sloped  against  each  other  hke  the  rafters  of  a  n 
covering  in  a  vault  or  tunnel  which  runs  along  the  whole 
scala  media  from  the  base  to  the  apex  of  the  cochlea  ;  ( ^i 
cells,  around  which  the  fibres  of  the  auditon,*  nerve  arborite, 
last  are  columnar  epithelial  cells,  surmounted  bv  hairs.     T 
arranged  in  several  rows,  one  row  King  just  internal  to 
line  of  pillars,  and  several  rows  external  to  the  outer  U« 
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A  thin  membrane^  the  mcmbrana  reticularis,  covers  the  pillars 
anil  hiiir-cells  of  Corti.  and  is  pierced  by  the  h^irs  ;  while  a  thicker 
membrane,  the  membratia  tcctoria,  springing  from  the  edge  of  the 
russeous  spiral  lamina  near  the  attachment  of  Rcissner's  membrane, 
forms  a  kind  of  canopy  over  both  pillars  and  hair-cells.  The  fact 
tliat  the  liair-cells  of  Corti's  organ  are  connected  with  the  fibres  of 
the  cochlear  division  of  the  auditory  nerve,  and  its  elaborate  struc- 
ture, suggest  that  it  must  play  a  pccuhar  part  in  auditory  sensation. 
Comparative  anatomv  shows  us  tliat  the  cochlea  Is  the  most  hiphly- 
develoj>ed  portion  ol  the  internal  car,  the  last  to  appear  in  its 
evolution,  and  the  most  spcciahzcd.  It  is  absent  in  nshes.  which 
passess  only  a  vestibule  and  one  to  three  semicircular  canals.  It 
first  acquires  importance  in  reptiles,  but  attains  its  highest  develop- 
ment in  mammals  ;  and  there  is  every  reason  to  believe  that  it  is 
the  terminal  apparatus  of  the  sense  of  hearing. 

Functions    of     the     Auditory    Ossicles. — The    anatomical 

arraneements  of  the  middle  ear  suggest  that  the  tympanic  mem* 
brane  and  the  chain  of  ossicles  have  the  function  of  transmitting 
the  sound-waves  to  the  liquids  of  the  labyrinth  ;  and  observa- 
tion and  experiment  fully  confirm  this  idea.  Tracings  of  the 
movements  of  the  ossicles  have  been  obtained  by  attaching 
very  small  levers  to  them,  and  their  movements  have  been 
directly  ohser\'ed  with  the  microscope.  Even  in  man  it  may  be 
shoxvTi,  by  viewing  the  membrane  through  a  series  of  slits  in 
a  rapidly-revolving  disc  (stroboscope),  that  it  vibrates  when 
sound-waves  fall  on  it. 

^V'hen  the  handle  of  the  malleus  moves  inwards,  the  joint 
between  that  bone  and  the  incus  is  locked,  on  account  of  the 
shape  of  the  articular  surfaces,  and  the  stapes  is  pressed  into  the 
oval  foramen.  When  the  t\Tnpanic  membrane  passes  outwards, 
the  handle  of  the  malleus  and  foot  of  the  stapes  do  the  same. 
But  the  joint  now  unlocks,  and  excessive  outward  movement  of 
the  stapes,  which  might  result  in  its  being  torn  from  its  orbicular 
attachment,  is  prevented.  The  ossicles  vibrate  en  masse.  It 
is  only  to  a  tritiing  extent  that  sound  can  be  conducted  through 
them  to  the  labyrinth  as  a  molecular  vibration  ;  for  when  they 
are  anchylosed,  and  the  foot  of  the  stapes  fixed  immovably  in 
the  foramen  ovale,  as  sometimes  occiu"S  m  disease,  hearing  is 
greatly  impaired. 

bOf  course,  every  vibration  of  the  txTnpanic  membrane  must 
cause  a  corresponding  condensation  and  rarefaction  of  the  air 
in  the  middle  ear  ;  and  this  may  act  on  the  membrane  closing 
the  fenestra  rottmda,  and  set  up  oscillations  in  the  periU-mph 
of  the  scala  tympaui,  That  this  is  a  jKJSsible  method  of  con- 
duction of  soil"'!  ••■  *^""—  Vv  the  fact  that,  even  after  closure 
of  the  "er  of  hearing  may  remain. 

X  the  most  important  part 
ossicles.     And  when  it 
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is  remembered  that  the  tympanic  membrane  is  about  thirtv 
times  larger  than  that  which  fills  the  oval  foramen,  it  will  M 
seen  that  the  force  acting  on  unit  area  of  the  foot  of  the  sta^"*! 
may  he  much  greater  than  that  acting  on  unit  area  of  the  meraJ 
brana  t>*mpani,  and  thai  the  mode  of  transmission  by  ihq 
ossicles  is  a  very  advantageous  method  of  transforming  the  feehli 
but  comparatively  large  excursion  of  the  tympanic  membrani 
into  the  smaller  but  more  powerful  movements  ot  the  sta[:)csi 
Even  tlie  so-called  cranial  conduction  of  sound  when  a  iimiod 
fork  is  held  between  the  teeth  or  jiut  in  contact  with  the  headJ 
which  was  at  one  time  sup[.)osed  to  be  due  solely  to  direct  trans4 
mission  of  the  vibrations  Uirough  the  bones  of  the  skull  to  thfl 
liquids  of  the  labyrinth  or  the  end-organs  of  the  auditory  nervd 
has  l>een  shown  to  take  place,  in  great  part,  through  the  memJ 
brana  t\iu|-»ani  and  ossicles  ;  the  vibrations  travel  through  tiii 
bones  to  the  tympanic  membrane,  and  set  it  oscillating.  Sd 
that  this  te^t.  when  applied  to  distinguish  deafness  caused  hj 
disease  of  the  middle  ear  from  deafness  due  to  disease  of  tbi 
labyrinth  or  the  central  ner^•ous  system  may  easily  niisleajj 
although  it  enables  us  to  say  whether  the  auditory  meatus  tj 
blocked — by  w-ax,  e.^. — beyond  the  tvtnpanic  membrane. 

A  membrane  like  a  drum-head  has  a  note  of  its  own.  which  it  givrs 
out  when  struck,  and  it  vibrates  more  readily  to  this  note  than  to 
any  other.  It  would  cvidenih'  be  a  serious  disad\~antage  if  tbt 
tvmiianic  membrane,  whose  oBice  it  is  to  receive  all  kinds  of  vibn 
tions,  and  respond  to  all.  had  d  marked  fundamental  tone  w'hicli. 
would  be  continually  obtnidmg  itself  among  other  notes, 
difticiilty  is  ob\nated  by  the  damping  action  of  the  ossicles  and 
Ucpiids  of  the  labyrinth  on  the  mo\-ements  of  the  membrane,  wh: 
in  additmn  is  not  stretched,  but  lies  slackly  in  its  bony  frame, 
that  when  the  handle  of  the  malleus  is  detached  from  it.  it  retains 
its  shA\yc  and  position. 

The  tensor  tympani.  when  it  contracts,  puUs  inwards  tbe  handk 
of  the  ni.illcus.  .iud  thus  increases  the  tension  of  the  ti|-nt|aiiic 
membrane.  The  prc\:ise  object  of  this  is  ol>scure.  It  tiaa 
sug.i::ested  tliat  damping  of  the  movements  of  the  aud]tor\- 
is  thus  secured,  .\nother  thcor\*  i*  that  the  increased  tei 
the  membrane  renders  it  more  capable  ol  rcs^pooding  to  hij{! 
tones,  and  that  the  muscle  thus  acts  as  a  kind  ol  accommodating 
mechanism.  But  Hensen  h^s  obser^'od  that  the  tcsksor  ooly  ooo- 
trftcts  at  the  beginmng  of  a  sound,  and  relaxes  again  when  the 
sound  is  continuKl ;  and  this  is  difficult  to  reconcife  with  other  o< 
these  hypotheses.  The  muscle  is  nonnally  excited  nrftcxlv 
the  \'itn-At>ons  of  tbe  tncmbrana  tympani,  but  9ome 
ha\^  the  power  of  thrownng  it  into 
accomptiuucd  by  a  feehn^  ol  pressure  in 
TtMT  function  oi  the  stapedius  ^  'art 
lend  to  press  the  posterior  en^' 
inio  the  foramen  o\a)e,  and  ^ 
opposite  directian :  but  it  is  ; 
the  actMQ   oi   the   audttorr 
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that  the  rdle  of  the  stapedius  is  to  damp  the  oscillations  of  the 
stapes  and  orbicular  ligament  when  very  loud  sounds  are  listened 
to,  and  thus  prevent  shocks  of  too  great  intensity  from  being  trans- 
mitted to  the  labyrinth. 

The  tensor  tympani  is  supplied  by  the  fifth  nerve  through  a  branch 
from  the  otic  ganglion  :  the  stapedius  is  supplied  by  the  seventh. 
Paralysis  of  the  fifth  nerve  may  t>e  accompanied  wnth  difficulty 
of  hearing,  especially  for  faint  sounds.  When  the  seventh  nerve 
is  paralyzed,  increased  sensitiveness  to  loud  sounds  has  been 
observed. 

The  Perception  of  Pitch — Analysis  of  Complex  Sounds. — 
As  the  eye,  or,  rather,  the  retina  (>ltis  the  brain,  can  perceive 
colour,  so  the  labyrinth  plus  the  brain  can  perceive  pitch.  The 
colour-sensation  produced  by  ethereal  waves  of  definite  fre- 
quenry  depends  on  that  frequency  :  and  upon  the  frequency  of 
the  aerial  vibrations  depends  also  the  pitch  of  a  musical  note. 
But  there  is  this  difference  between  the  eye  and  the  ear  :  that 
while  the  sensation  produced  by  a  mixture  of  rays  of  light  of 
different  wave-length  is  always  a  simple  sensation — that  is, 
a  sensation  which  we  do  nf»t  perceive  to  be  built  up  ol  a  number 
of  sensations,  which,  in  other  words,  we  do  not  analyze — the 
ear  can  perceive  at  the  same  time,  and  distinguish  from  each 
other,  the  components  of  a  complex  sound.  VVhen  a  number 
of  notes  of  different  pitch  are  sounded  together  at  the  same 
distance  from  the  ear,  the  disturbance  which  reaches  the  mem- 
brana  tympani  is  the  physical  resultant  of  all  the  disturbances 
produced  by  the  individual  notes,  and  it  striken  ui>on  the  mem- 
brane as  a  single  wave.  The  ear  or  brain  must,  therefore, 
possess  the  power  of  resolving  the  complex  vibrations  into  their 
constituents,  else  we  should  have  a  mixed  or  blended  sensation, 
and  not  a  sensation  in  which  it  is  possible  to  distinguish  the  con- 
stituents of  which  it  is  made  up.  Two  chief  hypotheses  have 
been  proposed  to  explain  this  physiological  analysis  of  sound  : 

(1)  The  theory  that  the  analysis  takes  place  in  the  labyrinth; 

(2)  the  theory  that  it  takes  place  in  the  bram. 

(i)  Helmholtz  attempted  to  explain  the  perception  of  pitch 
on  the  assumption  that  in  the  internal  ear  there  exists  a  series 
of  resonators,  each  of  which  is  fitted  to  respond  by  sympathetic 
vibration  to  a  particular  note,  while  the  others  are  unaffected  ; 
just  as  when  a  note  is  sung  before  an  open  piano  it  is  taken  up 
by  the  string  which  is  attuned  to  the  same  pitch  and  ignored  by 
le  rest.  Let  us  suppose  that  a  given  fibre  of  the  auditor^'  ner\'e 
in  an  organ  which  is  only  set  vibrating  by  waves  impinging 
*  at  the  rate  of  100  a  second,  and  that  the  end-organ  of  another 
s  only  influenced  by  waves  with  a  frequency  of  200  a  second, 
"n  the  doctrine  of  '  s|>ecific  energy  '  (according  to  which 
ation  caused  by  stimulation  of  a  nerve  depends  not  on 
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the  particular  kind  of  stimulus  but  on  the  anatomical  connectjj 
of  the  nerve  with  certain  nerve  centres),  in  whatever  way 
first  fibre  is  excited,  a  sensation  corresiwnding  to  a  note  wil 
pitch  of  100  a  second  will  be  perceived.     Whenever  the 
fibre  is  excited,  the  sensation  will  be  that  of  a   note  of  200' 
second,  or  the  octave  of  the  first.     If  lx>th  fibres  are  excited  at 
the  same  time  the  two  notes  will   be  heard   together.     N< 
Hensen  actually  obser\'ed  that  in  the  auditory  organs  of 
crustaceans,   the   hair-like   processes  of  certain    epithelial 
can  he  set  swinging  by  waves  of  sound,  and,  further,  that  ll 
do  not  all  vibrate  to  the  same  note  unless  the  sound  is  %*< 
loud.     In  the  lobster  there  are  between  four  and  five  hum 
ol  these  hairs^  varying  in  length  from  14  fi  to  740  fi :  and  in 
insects,  such  as  the  locust,   similar  hairs,   also   graduated 
length,  exist. 

To  gain  an  anatomical  basis  for  his  theory,  Helmholtx  sx 
posed  first  of  all  that  the  pillars  of  Corti  were   the  vibtati 
structures,  and  that,  directly  or    through    the    hair-cells, 
mechanical    vibrations   were    translated    into    impulses    in 
auditory    neiTe-fibres.     But    apart    from    the    fact    that 
number  is  too  small  <alx)ut  3,000)  to  allow  us  to  assign  one 
to  each  perceptilile  difference  of  pitch,  and  their  dimensions 
similar  to  permit  of  the  requisite  range  of  vibration  frequeai 
it  was  ]x>intcd  out  that  birds  do  not  possess  pillars  of  Corti-^ 
a  fact  which  was  decisive  against  the  assumption  of  Helmljolti, 
since  nobody  denies  to  singing-birds  the  j>ower  of  a]>prectati 
pitch.     Helmhnltz  accordingly,  choosing  between   the   rer 
ing  jjossibilities,  gave  up  the  pillars  of  Corti,  and.  adopting 
suggestion  of  Hensen.  substituted  the  radial  fibres  of  the  basi 
membrane   as   his   hyix)thetical   resonators.    These   are  mi 
more  adequate  to  the  task  imjxssed  on  them,  since  their 
of  length  is  far  greater  (41  fi  at  the  base  to  495  ^  at  the  apex 
the  cochlea — Hensen)  ;  and  the  elaborate  structure   of  Coi 
organ  certainly  suggests  that  some  one  or  other  of  its  elemenl 
may  be  endowed  with  such  a  function.     Exjwrimentallv,  ti 
it  has  been  shown  that  destruction  of  the  apex  of  the  cochlt 
causes  loss  of  appreciation  of  low  notes,  and  destruction  of  tl 
base  loss  of  ajipreciatlon  of  high  notes,  which  agrees  with  Heli 
boltz's  view.     But   while   the  theoiy  of  peripheral  anal\-sts 
pitch   tends   U]>on   the  whole   to  be  strengthened   as   evidencr 
gathers,  it  is  i>ossible  that  the  analysis  is  accomplished  in 
other  way  than  by  sympathetic  resonance. 

(2)  The  second  theory,  in  accordance  with  the  su 
Rutherford,  to  whom  we  owe  it  in  its  present  fomi 
veniently  labelled   the   *  telephone   theory'     He 
the  organ  of  Corti   (or  at  any  rate   the  hair-ccl 
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vibration  as  a  whole  by  i^Il  aiuiible  sounds,  and  that  its  vibra- 
tions are  translated  into  impulses  in  the  auditory  nerve,  which 
are  the  physiological  counterpart  of  the  aerial  waves  and  the 
waves  of  increased  and  diminished  pressure  in  the  hquids  of 
the  labyrinth  to  which  they  give  ri^o.  Thus,  a  sound  of  loo 
vibrations  a  second  would  start  loo  impulses  a  secoml  in  the 
auditorv  nerve  ;  a  toud  sound  would  set  up  impulses  more  mtense 
than  a  feeble  sound  ;  and  a  complex  wave,  which  is  the  resultant 
of  several  sounds  of  different  vibration- frequency,  would  also 
in  some  way  or  other  stamp  the  impress  of  its  form  on  the 
auditory  excitation-wave  ;  just  as  in  a  telephone  every  wave  in 
the  air  causes  a  swing  of  tlie  vibrating  plate,  and  thus  sets  up 
a  current  of  corresjxjnding  intensity  and  duration  in  the  wires. 
This  theorv  evidently  abandon?  the  doctrine  of  specific  energy 
for  the  particular  case  of  the  anal^'^is  of  pitch,  for  it  assumes 
that  differences  of  auditory  sensation  are  related  to  differences 
in  the  nature  of  the  impulses  travelling  up  the  auditory  nerve, 
and  not  merely  to  differences  in  the  anatomical  connections 
(peripheral  and  central)  of  the  auditory  ner\'e-fibres. 

The  statement  of  Ewald.  that  after  extirpation  of  the  membranous 
labyrinth  on  Uitli  sides  pigeons  can  still  hear,  would  liavc  an  im- 
|Kjrtant  bearing  on  tlie  question  of  the  |xrri:cption  of  pitch,  if  it 
could  be  definitely  accepted,  and  particularly  it  it  were  shown  that 
diiierenccs  of  pitch  could  still  be  appreciated.  But  it  has  not  t)ceu 
proved  beyond  a  doubt  that  the  apparent  reaction  to  sound  is  due 
to  anything  else  than  stimulation  of  tactile  end-organs. 

The  range  of  hearing  is  vcr\'  preat.  The  highest  audible  tone 
corresponds  to  30.000  to  40,000  Wbrations  a  second,  the  lowest  to 
atxiut  30.  Between  these  limits  as  many  as  6,coo  variations  of 
pitch  can  be  perceived. 

Wicn  has  elaborately  investigated  the  question  how  the  sen- 
sitiveness of  the  car  varies  for  tones  of  different  pitch.  A  tone  of 
50  vibrations  a  second,  in  order  to  be  just  heard,  must  liave  an 
intensity  corresjionding  to  alx)ut  100  million  times  as  much  energy 
as  is  ncc<1ed  for  a  tone  of  2,000  vibrations.  It  is  only  on  the  cxtra- 
ordinarit-  sensibility  of  the  car  for  the  range  of  tones  used  in  ordinary' 
speech  that  the  possibiUty  of  understanding  speech  depends  when 
the  circumstances  are  unfavourable — e.i^.,  at  a  great  distance,  or 
in  the  presence  of  much  stronger  accompanying  noises. 


Smell  and  Taste. 

Smell  was  defined  by  Kant  as  '  taste  at  a  distance  ';  and  it  is 
obvious  that  these  two  senses  not  only  form  a  natural  group 
when  the  quality  of  the  sensations  is  considered,  but  are  closely 
•biological  action,  especially  in  connection 
^hc  flavour  of  the  f<x>d.  The  olfactory 
membrane  of  the  upper  part  of  the 
Ifactoria.  have  been  already  described 
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(p.  717).  In  cases  of  anosmia,  in  which  the  olfactorj'  ntrvt  k 
absent  or  paralyzed,  smell  is  abolished  ;  but  substances  such  as 
ammonia  and  acetic  acid,  which  stimulate  the  ordinary  sensocy 
nerv^es  (nasal  branch  of  fifth)  of  the  olfactory  mucous  ma^ 
brane,  are  still  perceived,  though  not  distinguished  from  e*di 
other,  in  fact,  the  so-called  pungent  odour  of  these  substances 
is  no  more  a  true  smell  than  the  sense  of  smarting  they  prodm 
when  their  vapour  comes  in  contact  with  a  sensory  surface  like 
the  conjunctiva,  or  a  piece  of  skin  devoid  of  epidermis. 

It  was  at  one  time  believed  that  odoriferous  particles  could  nM 
be  appreciated  unless  they  were  borne  by  the  air  into  the  nostnb . 
but  this  appears  not  to  be  the  case,  for  the  smell  of  substance 
dissolved  in  physiological  salt  solution  is  distinctly  perceived  whea 
the  nostrils  are  filled  with  tlie  liquid  ;  and  fish,  as  every 
fisherman  knows,  have  no  difficulty  in  finding  a  l>ait  in  ihe 

Beaunis  has  classified  the  substances  which  can  a0cct  the  oUact 
mucous  membrane  as  follows  : 

1.  Those  which  act  only  on  the  olfactory  nerves  : 

(a)  Pure  scents  or  perfumes,  without  |>iin 
(6)  Odours     with     a     ccrtaui      pungent 
menthol. 

2.  Substances  which  act  at  the  same  time  on   ol 

nerves,  and  on  ner\'es  of  common  sensAtion  ( 
nerves) — e.^.,  acetic  acid. 

3.  Substances  which    act   only  on  the  nerves  of   co 

sensation  (tactile  nerves) — e.g..  carbon  dioxide 
Electrical  excitation  of  the  olfactory  mucous  membrane  ca 
a  sensation  like  the  smell  of  pliosphorus.     Tlie  sensation  u 
perienccd  at  the  kathode  on  closure  and  the  anode  on  opening. 

Acutencss  of  smell  may  tw  measured  by  arrangements 
olfactometers.     Zwaardemakcr's   olfactometer   consists  .of   a 
of  indiarubber  tubing  fitted  inside  a  glass  tube,  through  whic 
is   drawn   into   the   nostrils.     Another   glass   tube    just    filttns 
rubber  tube  is  pushed  inside  it,  so  as  to  cover  a  portion  of  it. 
minimum  amount  of  surface  of  the  indiarubber  tube  which  mi 
be  left  exposed  so  that  the  smell  of  the  rubber  may  be  (vrcetv 
is  a  measure  of  the  acuteness  of  smell.  To  investigate  other  odo 
tubes  of  the  corresponding  odorous  substances  can  be  construct 
Marked  changes  may  occur  in  disease,  and  all  tnlours  need  not 
affected  to  the  same  extent.     Some  may  be  almost  normally  prf 
ccived,  while  relative  or  complete   loss  of  smcH   exists  a»  regjird- 
others.      These  and  other  facts  have   given  rise  to   the   ide*   lb»: 
there  are  several    groups  of   olfactory  fibres,  each  concerned  in  t 
iippreciation  of  a  particular  odour  or  group  of  odours. 

Taste.— The  sense  of  taste  is  not  so  strictly  locaiixod  as 
sense  of  smell.     The  tip  and  sides  of  the  tongue,  its  root 
neighl>ouring  portions  of  the  soft  palate,  and  a  strip  in  the  ten 
of  the  dorsum,  are  certainly  endowed  with  the  sense  of 
but  the  exact  limits  of  the  sensitive  areas  have  not  been  ckfiim 
and,  indeed,  vary  in  different  individuals. 
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The  nerves  of  taste  are  the  glosso-pharyn^eal*  which  innervates 
the  posterior  part  of  the  tongue,  and  the  Ungual,  which  suppUes 
its  tip  (see  p.  722).  The  end-organs  of  the  gustatory  nerves  are 
the  taste-buds  or  taste-bulbs,  which  stud  the  fungiform  and  cir- 
cumvallatc  papillae,  and  are  most  characteristically  seen  in  the 
moats  surrounding  the  latter.  They  arc  barrcl-hke  bodies,  the 
staves  of  the  barrel  being  represented  by  supporting  cells  ;  each 
bud  enclnsrs  a  numhor  of  gustatory  cells  with  fine  processes  at  their 
free  ends  projecting  through  the  superficial  end  of  the  barrel.  They 
are  surrounded  by  the  end  arborizations  of  the  fibres  of  the  gustatory 
nerves.  Taste-buds  art*  also  found  on  the  posterior  surface  of  the 
epiglottis  and  in  the  larynx.  It  is  possible  tliat  these  form  the 
afferent  end-organs  of  a  reflex  apparatus  which  guards  the  glottis 
against  the  entrance  of  food  in  deglutition  (Wilson).  Epithelial 
buds,  different  from  the  olfactory  elements,  also  occur  in  the  olfactory 
region  of  the  nasal  mucous  membrane.  It  is  possible  that  the 
so-called  nasal  taste — e.g.^  the  sweet  taste  caused  by  chloroform 
when  aspirated  in  not  too  small  an  amount  through  the  nose — 
depends  upon  these  buds. 

As  to  the  properties  in  virtue  of  which  sapid  substances  are 
enabled  to  stimulate  the  gustatory  nerve-endings,  we  know  that 
they  must  be  soluble  in  the  liquids  of  the  mouth,  and  there  our 
knowledge  ends.  An  attempt  has  been  made  by  various  authors 
to  connect  the  taste  of  such  bodies  with  their  chemical  composi- 
tion, but  researches  of  this  kind  have  not  hitherto  yielded  much 
fruit.  Sapid  substances  have  been  divided  into  four  classes  : 
(i)  Sweet,  (2)  acid,  (3)  bitter,  (4)  saline. 

Sweet  and  acid  tastes  are  best  appreciated  by  the  tip,  and 
bitter  tastes  by  the  base,  of  the  tongue. 

Normal  lymph,  which  bathes  the  gustatory  end-organs,  docs  not 
excite  any  sensation  of  taste,  but  when  the  composition  of  the  blood 
is  altered  in  disease  or  by  the  introduction  of  foreign  substances, 
tastes  of  various  kinds  may  be  perceived.  Sometimes  this  may  be 
due  to  the  stimulation  of  substances  excreted  in  the  saUva  ;  but  in 
other  cases  it  seems  tliat,  without  iiassing  beyond  the  blood  and 
lymph,  foreign  substances  may  excite  the  gustatory-  nerves. 

When  a  constant  current  is  passed  through  the  tongue,  an  acid 
taste  is  experienced  at  the  positive,  and  an  alkaline  or  bitter  taste 
at  the  negative,  pole  ;  and  this  is  the  case  even  when  the  current 
is  conducted  to  and  from  the  tongue  by  unpolarizable  combinations, 
which  prevent  the  deposition  of  electrolytic  products  on  the  mucous 
membrane  [p.  545).  The  sensations  are  due  to  stimulation  of  the 
gustatory  end-organs  and  not  of  the  nerve-trunks. 

Flavour  is  a  mixed  sensation,  in  wliich  smell  and  taste  are  Ixjth 
concerned,  as  is  shown  by  the  common  observation  that  a  person 
suffering  from  a  cold  in  the  head,  which  blunts  his  sense  of  smell, 
loses  the  proper  flavour  of  his  food,  and  ihat  some  nauseous  medicines 
do  not  taste  so  badlv  when  the  nostrils  are  held. 

In  common  speech,  the  two  &<  r  ,re  frequently  confounded 

with  each  other  and  with  tactiK  .us.     Thus  the  'bouquet  ' 

of  wiuoH,  which  most  u<^  ^  sensation  of  taste,  is  in 

reality  a  sensation  o*  &ste  '  of  tannic  acid  is 
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not  a  taste  at  all,  but  a  tactile  sensation  ;  the  '  hot  *  taste  of  mi 
is  no  more  a  true  sensation  of  taste  than  the  sensation  produced 
the  same  substance  when  apphed  in  the  form  of  a  mustard  |xjal1 
to  the  skin. 


Tactile  and  Common  Sensations. 

Under  the  sense  of  touch  it  is  usual  to  include  a  group  of  sens 
tions  which  differ  in  quality — and  that  in  some  instances  to 
great  an  extent  as  any  of  the  sensations  which  are  universallj 
considered  as  separate  and  distinct — but  agree  in  this,  that  tl 
end-organs  !iy  which  they  are  perceived  are  all  situated  in  tfic 
skin,  tlie  mucous  membranes,   or   the  sul 
cutaneous    tissue.     Such   are    the    commt 
tactile  sensations — including   pressurt^ 
tickling^and  the  sensations  of  temperaii 
or,  more  correctly,  of  change  of  terapei 
ture.    The  sensation  of  pain,  although  i| 
cannot      be     absolutely     separated      froi 
these,  ought  not  to  l>e  grDui)ed  along  wil 
them.      It  is  called  forth   by  the  stinitt^ 
lation    of    afferent    nerve  -  fibres    in   th< 
course  ;  and  it  may  originate,  under  certs 
conditions,   in   internal  organs   which 
devoid  of  tactile  sensihihty,  and   the  fun< 
tional   activity  of   which    in    their   noi 
state  gives  rise  to  no  special  sensation  ni 
all.    The  peculiar  sensation  associated  witl 
voluntary   muscular    effort,   to   which    tl 
name  of  the  muscular  sense  has  been  giv« 
also  deserves  a  separate  place  ;  for  althoi 
it  may  in  part  depend  on  tactile  sensatioi 
set  up  through  the  medium  of  end-oi 
situated  in  muscle,  tendon,  or  the  structures) 
which  enter  into  the  formation  of  the  joints,  other  elements  aie, 
in  aU  probability,  involved. 

The  simplest  form  of  tactile  sensation  is  that  of  mere  contact, 
when  the  skin  is  lightly  touched  with  the  blunt  end  of  a  pent 
This  soon  deepens  into  the  sensation  of  pressure  if  the  contact 
made  closer;  and  eventually  the  sense  of  pressure  mt-rges  intn 
feeling  of  pain.     Head's  experiments  (p.  860)  indicate   that  t!i 
various  sensations  are  due  to  the  stimulation  of  different  nervi 
elements.     There  is  also  some  pathological  evidence  in  favour  of 
view — ff.f.,  the  sensation  of  contact  is  abolished  in  cicAiriccs 
the  true  skin  has  been  destroyed,  although  sensibility  to  pt« 
persists.     The  existence  of  different  forms  of  sensory  cnd-orr 
the  skin  and  other  tissues  (tactile  or  touch-corpuscles,  corpi* 
Pacini,   end-bulbs  of  Krause,  etc.)   points  in  the  same  d* 


Fig.  380.— T  a  c  t  I  l  k 
Corpuscle    fkom 

SXIK     OF      FiNUER 

(Smibvow). 

( Golgi  preparatittn. ) 
The  winding  aud  tntcr- 
secliug  black  lines  are 
the  noQ -medullated 
endings  of  the  one  or 
more  nerve. -fibres  that 
enter  the  torpuscle. 
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The  minimum  pressure  necessary  to  evoke  a  sensation  of  contact 
is  not  the  same  for  every  portion  of  the  skin.  The  forehead  and 
palm  of  the  hand  are  most  sensLtivc. 

Tf  two  points  oC  the  skin  arc  touched  at  the  same  time  there  is 
a  double  sensation  when  the  distance  between  the  points  exceeds 
a  certain  minimum,  which  varies  for  different  parts  of  the  sensitive 
surface. 


DutaQM  at  which  Two  Poitii> 

can  be  distinctly  felt,  in  mm. 

Point  of  tongue  - 

ri 

Palmar  surface  of  third 

phalanx  of  finger    - 

2'2 

Dorsal  surface  of  third 

phalanx  of  finger 

6-7 

Tip  of  nose  - 

6-7 

Back  -         -         -         . 

11-2 

EyeUds 

Wi 

Skin  over  sacrum 

405 

Upper  arm  - 

67-6 

Practice  increases  the  acuity  of  touch.  Even  in  a  few  hours  it 
may  be  temporarily  (juadrupled  on  some  parts  of  the  skin.  Since 
at  the  same  time  it  is  increased  in  the  corresponding  part  of  the 
opposite  side  of  the  body,  it  is  argued  that  the  modification  takes 
place  in  the  central  nervous  system,  not  in  the  end  -  organs  them- 
selves. 

Few  of  the  interna!  organs  are  supplied  with  tactile  nerves. 
The  movements  of  a  tai^jewomi  in  the  intestines  are  not  recog- 
nised as  tactile  sensations,  nor  the  movemenis  of  the  alimentary 
canal  during  dige>tion,  nor  the  rubbing  of  one  muscle  on  another 
during  its  contraction. 

Pressure  is  only  perceived  when  it  affects  two  neighbouring 
areas  to  a  different  degree.  Thus,  the  atmosj^hcric  pressure,  bearing 
uniformly  on  the  whole  surface  of  the  body,  causes  no  sensation  : 
-we  are  so  entirely  unconscious  of  it  that  it  needed  the  inspiration  of 
genius  to  discover  it,  and  the  i^ersistence  of  genius  to  force  the 
discovery  on  the  world.  When  the  linger  is  dipped  in  a  trough  of 
mercury  at  its  own  temperature,  no  sensation  is  perceived  except 
a  feeUng  of  constriction  at  the  surface  of  the  liquid. 

Sensations  of  Temperature. — \Vlien  a  body  colder  or  hotter 
than  the  skin  is  placed  on  it,  or  when  heat  is  in  any  other  way 
withdrawn  from  or  imparted  to  the  cutaneous  tissues  with  suffi- 
cient abruptness,  a  sensation  of  cold  or  heat  is  experienced. 
And  when  tw^*  ~^'^'»»«»  -^^  ♦t  ^kin  at  different  temi»eratures  are 
mt  in  ively  to  one  another,  one  is 

worthy  of  remark  that  it  is 
absolute  height,  that  we 
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are  able  to  estimate  by  our  sensations.    Thus,  a  hand  which 
been  working  in  ice-cold  water  will  feel  water  at  lo"  C.  as  warra 
whereas  it  would  appear  cold  to  a  warm  hand.     When  the  tei 
perature  ol  the  skin  is  raised  above  or  diminished  below  a  cei 
limit,  the  sensation  of  change  of  temperature  gives  place  lo 

of  pain  :  and  this  may  be  considei 
as  due  either  to  excessive  stimulaiic 
of  the  end-organs  ol  the  tem|>erai 
sense,  or  as  due  to  stimulation  of  tht 
ordinary  sensory  nerves,  which   art, 
normally  insensible  to  more  moderal 
variations  of  temperature. 

The    researches    of     Blix,    Gok 
scheider,    and    others    have    thro* 
light   ui>on  the   anatomical  basis 
the     sensations    which     have     theii 
origin  in  the  skin.     They  have  foi 
that  the  whole  skin  is  not  endow 
with  the  capacity  of   distinguishji 
temperature.    The  temperature  seitsBj 
is  confined  to  mmute  areas  scattei 
over  the  cutaneous  surface,  some 
which  are  '  cold '  points — i.e.,  res| 
to  variations  of  temperature  only 
a  sensation  of  cold — while  others  ar 
'  warm  '  points,  and  resj>ond  only  bi 
a  sensation  of  heat.     *  Cold  '  point 
are  present  in  greater  number  tl 
'  warm  '  (Fig.  381).     When   a  nem 
is  compressed,  the  sensibility  of 
tract  supplied  by  it  disappears 
cold  sooner  than  (or  heat. 


AND 

Skis 


I'iC.  381.  —  *  W  A  R  m' 

•Cold  *      Arfas     ox 

(goldscreioer). 

The 'areas  atg  mapped  out  on 
the  palm  of  th<^  left  haad.  In 
the  upper  figiire  the  relative 
sensitive  nt-ss  to  warmth  ta 
represented  by  the  depth  of  the 
shading,  the  black  areas  being 
most  sensitive,  then  the  lined 
areas,  then  the  dotted,  and 
last  of  all  tht*  white  areas.  In 
the  lower  figure  the  relative  sen> 
sittveuess  to  cold  stimuli  is 
shown  in  the  same  wav. 


The  explanation  of  these  facts 
to   be   that  the  skin   is   supplied  vn\ 
se\cral  kinds  of  nervc-fibrcs,  anatomic- 
ally as  well   as    functionally   distinct*! 
Some  fibres  minister  to  the  senftatloo< 
of  cold,  others  to  that  of  heat.  o\ 
to    thiit   of    pressure,   others    to 
of   contact,    and  others  still    to    jwi 
And  just  as  stimulation  of   the  oy 
nerve  gives  rise  to  a  sensation  of  " 
so    stimulation    of    anv    one    ati 


cutaneous   nerves  gives  nse   to   the   specific   sensuiion 
the  group  to  which  it  belongs. 

It  is  not  only  of  physiolo^cal  interest,  but  of  practical  imi 
that  most  mucou<i  membranes  are  in  comparison  with  the 
slightly  sensitive  to  changes  of  tcmpcraciu'e.      Only  to^ 
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ends  of  the  alimentary*  canal,  in  the  mouth,  pharynx,  and  rectum, 
and  to  some  extent  in  the  stomach,  does  a  blunted  sensibility* 
appear.  The  uterus,  too,  is  quite  insensible  to  moderate  heat  ;  and 
hot  liquids  may  be  injected  into  its  cavit\*  at  a  temperature  liigher 
than  that  which  can  be  borne  by  the  hand,  without  causing  in- 
convemence — a  fact  which  finds  its  apphcation  in  the  practice 
of  g^Tiaecology  and  obstetrics.  It  is.  indeed,  obWous  that  in  the 
greater  number  of  the  internal  organs  the  conditions  necessary  for 
stimulation  of  temperature  nerves,  even  if  such  wt-re  present,  could 
hardly  ever  exist. 

It  h:is  already  been  mentioned  that  changes  of  external  tcm|x^ra- 
turc  exert  a  remarkable  influence  on  the  intensity  of  metabolism 
(p-  513).  »ind  it  has  been  supposed  that  this  is  brought  about  by 
afferent  impulses  travcilinp  up  the  cutaneous  nerves.  We  have  also 
seen  that  for  certain  kinds  of  stimuli  the  excitability  of  ner\'c-fibres 
is  increased  by  cooling  (p.  59S).  It  is  possible  that  this  is  the  case 
lor  the  fibres  in  the  skin  which  are  concerned  in  the  regulation  of 
the  production  ot  heat,  and  it  has  been  suggested  that  this  fact 
may  have  a  bearing  on  the  reflex  regulation  of  temperature  (Lorrain 
Smith). 


The  Muscular  Sense. 


^ 


Voluntary'  muscular  movementii  are  accompanied  with  a 
peculiar  sensation  of  effort,  graduated  according  lo  the  strength 
of  the  contraction,  and  affording  data  from  which  a  judgment 
as  to  its  amount  and  direction  may  be  formci.  To  these  sensa- 
tions the  name  of  the  muscular  sense  has  been  given. 

Some  writers  have  sup{x)sctl  that  the  muscular  sense  does  not 
depend  ujx>n  afferent  impulses  at  ail,  but  that  the  nervous  centres 
from  which  the  voUmtary  impulses  depart,  take  cognizance,  retain 
a  record,  so  to  speak,  of  the  quantity  of  outgoing  nervous  force  ; 
that  the  effort  which  we  feel  in  lifting  a  heavy  weight  is  an  effort 
of  the  cells  of  the  motor  centres  from  which  the  groups  of 
muscles  are  innervated,  and  not  of  the  muscle>  themselves. 

But  although  this  feeling  of  central  effort  or  outflow  (wc  can 
hardly  say  of  central  fatigue)  may  play  a  jKirt  in  the  niusculai 
sense,  it  cannot  be  doubted  that  the  brain  is  kept  in  touch  with 
the  contracting  muscle  by  impulses  of  various  kinds  which  reach 
it  by  different  afferent  chanels. 

The  corpuscles  of  Pacini,  which  exist  in  considerable  numbers  in 

the  neighbourhood  of  joints  and  ligaments,  and  in  the  periosteum  of 

bones,  would  seem  well  fitted  to  piay  the  part  of  end-organs  for  the 

tactile  sensations  caused  by  the  movements  of  flexion,  extension,  or 

otation  of  one  bone  on  another,  which  form  so  large  a  |x>rtion  of 

U  voluntary  mnMnl;»r  fnovrments.     And  it  has  been  stated  that 

ralysijt  of  •   limbs  of  a  cat  by  section  of  the 

rvf*  'HttL'ristic  uncertainty  of  move- 

"    '  -^sary  to  normal  co-ordina- 
'so  possess  afferent  ncrxx- 


858 


A  jVANual  of  physiology 


fibres,  which  temiiixale  by  breaking  up  into  reticulated  end-pUt 
(Fig.  382).  Wc  have  already  seen  that  the  skeletal  muscles  posam 
numerous  afferent  hbrcs  (p.  732).  Some  o(  these  must  be  nerve* 
of  ordinary  sensation.  For  although,  when  a  muscle  is  laid  bare  in 
man  and  stimulated  electrically,  the  sensation  does  not  in  gwicT3l 
amount  to  actual  pain,  it  is  capable,  under  the  influence  o£  strong 

stimuli,  of  taking  on  a  painful  char- 
acter. And  nobody  who  has  felt  the 
severe  and  sometimes  almost  ini 
able  pain  of  muscular  cramp  would_ 
likely  to  deny  the  existence  of 
muscular  nerves.  But  after  dedi 
these,  wc  must  assume  that 
proportion  of  the  afferent  nervrs 
muscle  have  other  functions,  and  amoi 
them  may  be  the  convcj'ance  of 
pulses  connected  with  the  muscuUr ' 
sense.  The  muscle-spindles  or  neuro- 
muscular spindles  {Fig.  38?),  peculuu 
structures  which  occur  in  large  numlxr 
in  most  of  the  skeletal  muscles,  aikd 
have  been  carefully  studied  by  Hnber,  Sihler,  Ruflini,  and  oCber 
observers,  are  the  terminations  of  many  of  the  sensory-  fibres. 
They  are  long  narrow  bodies,  with  a  thick  sheath  of  conncctivi 
tissue  enclosing  ftne  striped  muscular  fibres.  McduUatcd  ner^le-l 
fibres  enter  the  spindle,  and  there,  dividing  into  branches  and  losing 
their  medullary  sheath,  form  endings  of  various  kinds  around  aad 
between  the  muscular  fibres.     It  is  probable   that   in  contract! 


jfc'/idV. ..  .7v^ 


Fic.  382. — Nervb-endixc  is 
Tendon  near  the  Inser- 
tion       OF       THE       MfSCULAR 

Fibres  (Golgi). 


•nJrA 


Fir..  383. — Mt-'sci-E  Spindle  iHallidurton,  after  Rufuni). 

f.  sheath  of  the  spindle  ;  n.tr.,  truuk  of  n<fn'f,  which  «cnds  fibres  throu^  uw 
shratb  into  the  spindle,  where  they  (onn  endings  {pr.€,t  s.e*,  pi^,j  of  vsnoofr- 
kinds  ;  tn.n.b.,  bundle  of  motor  fibres. 


of  the  muscles  the  nerve-fibres  in  the  spindles  are  compressed, 
thus  mcclianically  stimulated. 

In  the  spinal  cord  these  impulses  arc  conducted  up  tlirough  thftj 
posterior   column  ;   and,   although  less  is   known  as  to    tlie  |iaths] 
they  follow  in  the  liighcr  parts  of  the  central  nervous  system,  it  i») 
certain  that  there  is  some  afferent  bond  of  connection  l>etwcea  the 
cortical  motor  areas  and  the  mxiscles  which  they  control  (p.  7$^\. 

Tactile  sensations  set  up  in  the  skin  or  mucous  membr.- 
over  contracting  muscles  may  also  lielj)  the  nervous  motor  m*- 
in  appreciating  and  regulating  the  amount  of  contraction  ;  tiu:  Xlir, 
fact  tnat,  in  anaesthesia  of  the  mucous  membrane  covering  the  v 
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cords  produced  by  cocaine,  the  voice  is  not  at  all  impaired,  shows 
that  muscular  contractions  of  extreme  nicety  can  be  carried  on 
without  any  such  aid. 


Pain. 

Pain  has  been  defined  as  '  the  prayer  of  a  nerve  for  nurc  blood.' 
The  idea  is  not  otily  true  as  poetry,  but,  with  certain  decluctions  and 
limitations,  true  as  physiology ;  tliat  is  to  say,  pain,  as  a  rule,  is 
a  sign  that  something  lias  gone  wTt)ng  with  the  bodily  machinery  : 
freedom  from  i>ain  is  the  normal  state  of  tlie  healthy  Ixjdy.  Physio- 
logically, pain  acts  as  a  danger-signal ;  it  points  out  tlie  seat  ul  the 
mischief,  and  even,  in  certain  cases,  by  compelling  rest,  favours  the 
process  of  repair.  Thus,  the  surgeon  l\as  sometimes  looked  upon 
pain  as  *  Nature's  splint.'  But,  as  a  matter  of  fact,  a  certain  amount 
of  pain  occurrinR  at  intei^als  is  not  incompatible  vnth  high  health  ; 
ana  probably  nobody,  even  when  accidents  and  indiscretions  of  all 
kinds  are  avoided,  is  entirely  free  from  pain  for  any  considerable 
time.  Sometimes,  indeed,  the  mere  fixing  of  the  attention  on  a 
particular  |jart  of  the  body  is  sufficient  to  bring  out  or  to  detect  a 
shght  sensation  of  pain  in  it ;  and  it  is  matter  of  commun  experience 
that  a  dull  continuous  pain,  hke  that  of  some  forms  of  toothache,  is 
aggravated  by  thinking  of  it.  and  rchcvcd  when  the  attention  is 
diverted. 

In  general,  the  skin  is  far  more  sensitive  to  pain  than  the  deejxjr 
structures.  The  most  painful  part  of  an  operation  is  generally  the 
stitching  of  the  wound.  The  cutting  of  healthy  muscle  causes  no 
pain.  In  an  operation  in  wliich  an  artificial  connection  was  estab- 
lished between  the  stomach  and  the  small  intestine  (gastro-cnteros* 
tomy),  and  in  wliich  no  anaesthetic  was  administered,  the  only  pain 
of  which  the  patient  complained  was  produced  by  the  incision  in  the 
skin  (Senn).  But  the  spasmodic  contraction  of  the  intestines  and 
stomach  causes  the  intense  pain  of  colic  and  gastralgia.  Labour  is 
an  example  of  a  strictly  physiological  function  which  is  the  occasion 
of  severe  pain.  Tissues  normally  insensible  to  pain  may  becomo 
acutely  painful  when  inflamed. 

Whether  the  sensation  of  pain  can  be  caused  by  excessive  stimu- 
lation of  the  nerves  of  common  tactile  sensibiUty  or  not,  there  can 
tH?  httle  doubt  that  afferent  '  pain  '  fibres  exist  which  are  anatomic- 
ally distinct  from  the  fibres  of  tactile  sensation,  l-or  the  conducting 
paths  in  the  spinal  cord  are  not  tlie  same  for  tactile  and  for  painful 
impressions.  .\nd  in  certain  cases  of  disease  sensibiUty  to  pain  may 
be  lost,  while  tactile  sensations  are  still  perceived  :  or.  on  the  other 
hand,  pain  may  be  felt  in  cases  where  tactile  sensibiUty  is  aboUshed. 
Loss  of  temperature  sensation,  however,  is  usuaUy  accompanied  by 
loss  of  sensibilitA'  to  pain. 

Localization  of  Sensations. — We  not  only  perceive  sensations  of 
touch,  temperature,  pain,  etc.,  but  are  able,  more  or  less  accurately, 
to  locahzc  the  part  of  the  body  from  which  the  sensory  impressions 
come.  This  power  of  locaUzation  is  not  equal  for  all  portions  of  the 
l>ody  nor  for  all  kinds  of  sensations.  It  is  best  developed  for  touch 
(in  the  restricted  sense),  and  all  the  \'ancties  of  common  sensation 
arc  better  localized  on  the  skin  tJ)an  •«  '  ♦hi«  rirctwr  structures. 

The  precise  mechanism  of  tl  -n.     But  we 

must  suppose  that  each  \h  d  '  in  the 
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brain,  so  that  the  arrival  of  afferent  impulses  from  it  ^fleets  par 
ticularly  the  related  cerebral  area.  The  brain,  therefore.  s<>  to 
associates  excitation  of  a  given  cerebral  area  with  stimulation 
the  corresponding  periplieral  area,  and  thus  not  only  rec 
quaUty  and  quantity  of  the  resultant  sensation,  but  also 
it ;  just  as  a  waiter  who  watches  the  bell-indicator  not  only 
how  a  bcU  has  been  run^.  whether  once  or  twice,  j>cremptorily 
languidly,  hut  also  in  which  room  it  has  been  rung.  H,  to 
the  illustration  a  little  farther,  he  is  aware  that  two  ro<inis  are  coo 
nected  ■vWth  one  bell,  but  that  one  of  the  rooms  is  scarcely  cvrr 
OLCU}>ied.  he  associates  the  ringing  of  the  bell  with  a  summons  from 
the  other  rtwm  even  when  it  happens  to  be  nang  from  the  usualtjr 
vacant  room.  In  like  manner  the  brain  seems  to  connect  the  amv 
of  sensory  impulses  from  the  internal  organs,  which  have  few 
soTy  fibres,  and  these  perhaps  not  often  stimulated,  with  excitati 
in  a  related  cutaneous  region,  from  which  it  is  constantlv  recei\T 
scnsor>'  impressions.  The  fact  already  mentioned  (p.  699),  that  ia 
disease  of  internal  organs  the  pain  is  referred  to  some  |xirtiani  at 
the  skin,  may  be  thus  explained. 

Head's  E3q)eriments  on  Sensory  Nerves. — These  are  so  important 
that  they  require  special  notice.  He  has  studied  on  Ixinisclf  thetoos 
of  sensation  caused  by  division  of  certain  penphcral  nerve-s,  suidabo 
the  order  in  which  the  various  sensations  return  as  the  ner\et 
regenerate.  When  the  median  nerve  was  di\ided,  total  loss 
sensation  was  caused  over  the  greater  part  of  the  index  and  middto 
fingers,  and  over  a  portion  of  the  thumb  in  its  palmar  aspect,  la 
addition,  sensation  was  partially  lost  over  a  larger  area,  where  thexv 
was  complete  insensibility  to  certain  stimuli,  such  as  light  touch, 
moderate  heat  and  cold,  and  where  the  contact  of  the  two  points  orf 
a  pair  of  compasses  could  not  be  discriminated.  Kccox^er^'  of  sensa- 
tion after  complete  division  of  a  periplieral  nerve  began  with  the 
restoration  of  sensibiUtA'  to  pain  and  to  extreme  degrees  of  heat  and 
cold  ;  but  the  hand  still  remained  for  a  time  as  insensitive  as  l)cfO(re 
to  such  stimuli  as  light  touch.  In  the  parts  which  had  regained 
their  sensibility  to  severe  stimuli,  hke  pricking  and  extremes  of  heat 
and  cold,  the  sensation  radiated  widely,  was  referred  to  remote 
parts,  and  could  not  be  accurately  locaUzcd.  This  form  of  sesisi- 
bility  Head  calls  protopathic.  .\s  the  nerve  recovered  further,  A 
second  form  of  insensibility'  appeared,  associated  with  accurate' 
locaUzation  of  cutaneous  stimuh  and  discrimination  of  two  com 
points.  Light  touch  and  nii>derate  degrees  of  heat  and  cold  cou 
now  be  again  appreciated.  This  form  of  sensibility  he  terms  epicnt':, 
A  third  form  of  sensibility  {liegp  sensibility)  was  investigated  after 
complete  division  of  the  radial  and  external  cutaneous  ncr\'es  at  the 
elbow.  The  radial  half  of  the  arm  and  back  of  the  hand  became 
totally  insensitive  to  cutaneous  stimuli,  but  retained  their  sensibility 
to  pressure  or  to  any  stimulus  which  deformed  the  subcutaneous 
structures,  as  well  as  their  power  of  locahzation  of  such  s 
The  afferent  fibres  upon  which  this  deep  sensibility  depends 
run  with  the  motor  nerves,  The  other  two  forms  of  sens 
(protopatliic  and  cpicritic)  also  depend  on  two  sej>arate  sN-ste 
nerves.  The  protopathic  fibres  regenerate  more  easily  and  s 
than  the  epicritic  or  than  the  motor  nerves  of  voluntary  inusclt. 
The  protopathic  fibres  seem  to  exert  a  trophic  influence.  A  yvri 
deprived  of  its  nerve-supply  is  liable  to  injuries,  and  thr 
produced  heal  slowly.     But  as  soon  as  protopathic  sensibility 
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to  the  part,  they  heal  rapidly,  even  in  the  abscntc  of  all  cpicritic 
sensition.  The  intestine  has  protopathic  but  not  cpicritic  sensi- 
bilit\- — f.^.,  it  reacts  to  extremes  of  heat  and  cold,  but  not  to 
moderate  heat  and  cold  or  light  touch. 


Relation  of  Stimulus  to  Sensation. 

It  is  impossible  to  mDasure  sensation  in  terms  of  stimulus.  All 
that  \vc  can  do  is  to  compare  differences  in  the  intensity  of  stimuli 
and  dilfercnccs  in  the  resultant  sensations,  or.  in  other  words,  to 
compare  stimuli  together  and  to  compare  sensations  together.  And 
when  we  determine  the  amount  by  which  a  given  stimulus  must  be 
increased  or  diminished  in  order  that  there  may  be  a  just  perceptible 
increase  or  diminution  in  the  sensation,  it  is  found  that  (with  certain 
limitations)  the  two  are  connected  by  a  simple  law  :  H'haUver  the 
absolute  strength  of  a  stimulus  of  given  kind  may  he.  xt  must  be  in' 
creased  by  the  same  fraction  of  its  amount  in  order  that  a  difference 
in  the  sensation  tnay  be  f>erceived  (sometimes  called  UVftrr'-:  law). 
Thus,  a  light  of  the  strength  of  one  standard  candle  must  be  m- 
creascd  by  tho^^  candle,  a  light  of  lo  candles  by  (Voths,  and  a  light 
of  loo  candles  by  a  candle,  in  order  that  the  eye  may  i)erceivc  that 
an  increase  has  taken  place,  just  as  the  weight  neccssan^'  to  turn  a 
balance  increases  with  the  amount  already  in  the  pans.  Tlie  frac- 
tion varies  for  the  different  senses.  It  is  about  ji^^  for  light,  \  for 
sound.  But  it  would  appear  that  Weber's  law  does  not  hold  for 
the  pressure  sense,  nor  for  the  other  senses  above  and  below  certam 
limits.     Fcchncr,  making  various  assumptions,  has  thrown  Weber's 


law  Into  the  form  v 


k  — ^   ,  where  y  is  the  intensity  of  sensation. 


X  the  intensity  of  stimulation,  Xq  the  smallest  intensity  of  stimulus 
which  can  be  perceived  (Uminal  intensitA^).  and  A,  a  constant.  This 
so-called  psycho-physical  law  of  Fcchner  states  that  the  sensation 
varies  as  the  logarithm  of  the  stimulus.  But  Fechner's  law  has 
l>een  subjected  to  senous  criticism,  and  the  subject  cannot  be 
further  pursued  here. 
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PRACTICAL  EXERCISES  ON  CHAPTER  XIII. 


VISION. 

T.  Dissection  of  the  Eye. — The  student  may  profitably  rcH 
his  memor>*  (ni  the  sniatnmy  of  the  eye  bv  dissecting  a  fresh  e\x — 
that  of  a  larRc  animal  like  an  ox  is  preferaiilc.  but  the  eye  of  a  sheep 
or  dog  may  also  be  used.  The  eye  is  removed  from  the  orbti  by 
cutting  through  the  conjunctiva  where  it  is  reflected  on  to  the  e\T- 
lids,  carefully  severing  the  extrinsic  muscles  and  scooping  the 
eyeball  out  of  the  mass  of  loose  connective  tissue  and  lat  in  which 
it  is  embedded,  and  which  serves  as  a  cushion  to  protect  it  from 
mjury  during  its  movements.  Observe  the  transparent  cornea  in 
front,  blending  at  its  posterior  border  with  the  opaque  sclerotic. 
which  is  covered  by  a  layer  of  conjunctiva  reflected  from  the  hds. 
On  clearing  the  fat  cautioiisly  away,  the  tendinous  insertions  of 
the  external  or  extrinsic  muscles  of  the  eyeball  into  the  anterior 
part  of  the  sclerotic  will  be  seen.     Identif>'  the  various  muscles 

(p.  840). 

Immerse  the  eye  in  water  in  a  small  glass  dish,  with  the  comcj 
ui^pcrniost.  The  interior  can  now  be  seen,  because  the  refracti^T? 
index  of  the  cornea  being  nearly  the  same  as  that  of  water,  the 
light  is  only  vcr\'  slightly  refracted  there.  The  same  effect  is  pro- 
duced when  a  cover-sUp  is  placed  over  the  cornea  in  the  air ;  a 
plane  surface  being  substituted  for  the  curved  anterior  surface  of! 
the  cornea,  its  refraction  is  abolished.  Observe  in  the  fundus  of 
the  eye  the  optic  disc,  eccentrically  placed  in  the  retina,  and  the 
retinal  vessels  radiating  out  from  it.  A  portion  of  tlie  fundus  shows 
brilliant  iridescent  colours  in  many  animals  {the  tapetum  lucidum). 
This  portion  is  abruptly  bounded  by  a  line  a  httle  atx^ve  the  optic 
disc.  Ttic  appearance  is  due  to  a  pecuUar  arrangement  of  the  con- 
nective-tissue {including  elastic)  fibres  in  this  nart  of  the  choroid. 

Pinch  up  with  forceps  a  small  portion  01  the  sclerotic  a  httle 
posterior  to  its  junction  \rith  the  cornea,  and  clip  it  away  with 
fine,  blunt-pointed  .scissors,  being  careful  not  to  penetrate  the 
choroid  Liyer,  which  lies  immediately  beneath  the  sclerotic.  Extend 
the  incision  through  the  sclerotic  backwards,  and  then  trans\-crsely. 
and  peel  off  strips  of  the  sclerotic  from  behind  forwards.  The 
lower  surface  of  the  sclerotic  (tlie  so-called  lamina  fusca)  is  dark, 
ou-ing  to  the  presence  in  it  of  the  same  pigment  which  is  so  abundant 
in  the  choroid  coat.  Go  on  removing  the  sclerotic  piecemeal  untjl 
a  considerable  area  of  the  dark  choroid  layer  is  exposed  with  the 
ciUary  nerves  passing  forward  on  its  surface  towards  the  iris.  One 
or  other  of  the  long  ciliarv  arteries  may  also  be  seen  coursing  between 
the  sclerotic  and  choroid  if  the  sclerotic  hapj>ens  t<i  liavc  been 
removed  at  its  position.  On  the  anterior  part  of  the  choroid  nuiyi 
be  observed  some  pale  fibres  passing  backwards  from  the  con»o(>-j 
sclerotic  junction.  They  are  the  meridional  fibres  of  the  ciUai 
muscle  {p.  794). 

The  eye  being  immersed  in  water,  remove  cautiously 
forceps  and  scissors  the  portion  of  the  choroid  exposed.  Tlu' 
is  now  seen  as  a  pale  membrane,  transparent  when  oti 
but  becomiijg  whitish  soon  after  death.  Cut  tlirough 
choroid,  and  retina  about  half-way  round  the  eyeball,  a  litt** 
to  the  comeo-sclerotic  junction.     The  vitreous  humour 
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out.  Since  its  refracti%-e  index  is  nearly  the  same  as  that  of  water, 
it  is  scarcely  observed  when  immersed,  and  the  interior  of  the  eye 
can  be  easily  seen  through  it. 

The  optic  disc  can  now  be  again  studied,  with  the  stump  of  the 
optic  nerve  entering  it  and  the  retinal  vessels  piercing  the  cfisc.  In 
the  centre  of  the  retina  is  the  yellow  spot. 

In  the  anterior  portion  o(  the  eyeball  note  the  crystalline  lens, 
and  at  its  circumference  tlie  radiating  folds  of  the  choroid  called  the 
cihar\'  processes.  Closely  covering  the  cilian,'  processes,  the  anterior 
border  of  the  retina  forms  the  ora  scrrata.'  a  plaited  arrangement 
like  an  old-time  ruff. 

Now  complete  the  separation  of  the  anterior  and  posterior  por- 
tions of  the  eyeball.  Remove  the  vitremis  hnmoiir.  noting  that  it 
is  attached  to  the  ciliary  processes  and  the  posterior  surface  of  the 
capsule  of  the  lens  by  its  enveloping  membrane,  the  hyaloid  mem- 
brane. With  scissors  snip  through  the  comeo-sclcrotic  junction  at 
one  point  down  to  the  border  of  the  lens,  and  obser\'c  the  suspensory 
ligament  passing  from  the  ciliar>^  body  chiefly  towards  the  anterior 
surface  oi  the  lens,  where  it  blends  with  the  lens  capsule.  Open 
the  anterior  chamber  of  the  e>c  by  an  incision  through  the  cornea 
in  front  of  its  junction  with  the  sclerotic.  It  is  filled  with  the  clear. 
water>',  aqueous  humour.  Note  the  pigmented  iris  projecting  in 
front  of  the  lens. 

Remove  the  sclerotic  and  cornea  for  some  distance  along  their 
line  of  junction,  using  gentle  pressure  with  the  edge  of  a  fine  knife 
to  separate  the  i unction  from  the  attached  border  of  the  iris.  The 
ciUary  muscle,  iorining  a  p^tl^^  narrow  ring  around  the  eye  at  the 
corneo-sclerotic  junction  wiU  be  thus  exposed.  Its  external  surface 
is  closely  adherent  to  the  sclerotic,  and  its  internal  blends  with  the 
ciliary  body.  The  circumference  of  the  iris  is  attached  at  its  anterior 
border.     Posteriorly  it  passes  into  the  choroid. 

Take  out  the  lens  and  observe  the  curvature  of  its  anterior  and 
posteiior  surfaces.  Determine  which  has  the  greater  curvature. 
In  the  excised  eye  the  lens  will,  of  course,  be  in  the  condition  of 
relaxed  accommodation. 

a.  Formation  of  Inverted  Image  on  the  Retina.— Fix  the  eye  of 
an  ox  or  of  a  dog  or  rabbit,  after  careful  removal  of  part  of  the 
posterior  surface  of  the  sclerotic,  in  one  end  of  a  blackened  tube, 
with  the  cornea  in  front.  A  tube  made  by  rolling  up  a  piece  of 
thick  brov^Ti  paper  will  do.  Place  a  candle  in  front  of  the  eye. 
I.ook  through  the  other  end  of  the  tube,  and  observe  the  inverted 
image  of  the  candle  formed  on  the  retina.  Move  the  candle  until 
the  image  is  as  sharp  as  possible.  Now  bring  between  the  candle 
and  the  eye  a  conca\e  len.s.  TVie  image  becomes  blurred,  the 
candle  must  be  put  farther  awav  to  render  it  distinct,  and  jjerhaps 
no  position  of  the  candle  can  be  found  which  will  give  a  shaqj  image, 
li  the  lens  is  convex,  the  candle  must  be  brought  nearer,  and  a  sharp 
image  can  always  be  formed  by  bringing  it  near  enough.  If  t>oth 
a  convex  and  a  conove  glass  be  placed  in  front  of  the  eye,  they  will 
partially  or  wholly  neutralize  each  other.  Instead  of  the  candle 
a  window  may  be  looked  at.  If  the  eye  of  an  albino  rabbit  can 
btf  oh*.g*"*"'^  •*•  •••  •"**^  r.^-»^^      f<^  remove  a  part  of  the  sclerotic. 

**:.  384). — This  instrument  is  cm- 

'■»ke  place  in  tlxc  curvature  of 

t,i  Im    used  m  a  dnrk  room, 

1-11^  K  I",     nie  observer 
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looks  througli  tlie  hole  B  ;  the  obser\'cd  eye  is  placed  at  a  hole  oppo- 
site the  hole  A.     The  canUle  or  llic  observed  eye  is  moved  till  iSr 
obscr\er  sees  three  }>airs  of  images,  one  pair,  the  brightest  oi  all 
reflectcU    (rom    the   anterior   suriface   oi   the   cornea  ;    another,   thr 
largest  of  the  three,  but  dim,  reflected  from  the  anterior  surface  <it 
the  lens  ;  and  a  third  pair,  the  smallest  of  all.   reflected   from  tli-- 
postcrior  surface  of  the  lens  (Fig.  34.0-     The  last  t-wo  pairs  c^tn,  •■* 
course,  only  be  seen  wTthin  the  pupil.     The  observed  evr  is  m-vi 
focussed  first  for  a  distant  ob)cx:t  (it  Ls  enough  that  the  per^ 
simply  leave  his  eye  at  rest,  or  imagine  he  is  Ux>king  far  a\' 
then  ior  a  near  object  (an  ivon*  pin  at  A).     During  accon. 
for  a  near  object  no  change  takes  place  in  the  size,  brie  I  ^ 
position  of  the  ftrst  or  third  pair  of  images  ;  therefore  tlu-  ofliK* 
and  the  posterior  surface  of  the  lens  are  not  altered.     The  raiddlf 
images  become  smaller,  somewhat  brighter,  approach  each  other. 

and   also  come    nnj^m  lo 
the  corneal  i :  Tht* 

proves  (rt)  th  on-ttf 

surface  of  tiie  jras  itnder*j 
j:oes  a  change  ;  {f>\  thi 
the  change  is  incrr 
curvature  <dimin«ti 
the  radius  of  cur%-« 
for  the  virtual  inui 
fleeted  from  a 
mirror  is  smnller 
smaller  is  its  radh 
curvature.  (The  third 
of  images  really  m 
a  slight  change,  such 
would  be  caused  by  a  small  increase  in  the  curvature  of  the  posteri**! 
surface  of  the  lens  ,  but  the  student  need  not  attempt  to  malte 
this  out.) 

4.  Scheiner's  Experiment. — Two  small  holes  are  pricked  with 
ncodlc  in  a   card,   ihc  distance  between   them  bcmg   less   tlun   tJ 
diameter  of  the  pupd.     The  card  is  nailed  on  a  wooden  holder,  ftwl' 
a  needle  stuck  into  a  piece  of  wood  is  looked  at  wnth  one  eye  through 
the  holes.     When  the  eye  is  accommodated  for  the  needle,  it  ap|>rAT«d 
single  :  when  it  is  accommodated  for  a  more  distant  object,  or  n-tt] 
accommodated  at  all.  the  nectUe  appears  double.     The  two  inu^rs- 
approach  eich  other  when  the  needle  is  moved  away  from  the  c>t, 
and  separate  oxit  from  each  other  when  it  is  moved  towards  the  evr. 
When  the  eye  is  accommodated  for  a  point  nearer  than  the  nerdtr, 
the  image  is  also  double  ;  the  images  approach  cich  other  when  tbt 
needle  is  brought  closer  to  the  eye,  and  move  away  from  each  other  1 
when  it  is  moved  away  from  tltc  eye.     If  while  the'  needle  is  in  foeiis] 
one  of  the  holes  be  stopped  by  the  finger,  the  image  is  not  aficclrd.! 
When  the  eye  is  focussed  for  a  greater  distance  than  that  of  thej 
needle,  slopping  one  of  the  holes  causes  the  imape  on  the  other  sidci 
of  the  field  of  vision  to  disappear  ;  if  the  e>'e  is  focussed  for  a  snuUict^ 
distance,  the  image  on  the  same  side  as  the  blocked  hole  disap] 
Fig.  385).     To  determine  the  near-point  of  distinct  visinn  (p. 
the  card  may  be  mounted  vertically  on  a  cork,  and  tlu- 
a  rubber  band  to  the  end  of  a  foot-rule.     Move  a  n* 
serted  vertically  into  a  cork,  along  the  rule,  beginnin;;  ^it   ^ne 
farthest  from  the  eye.  until  with  the  strongest  etiort  of  accon 
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tion  it  is  seen  double.*"  Then  push  it  back  slightly  to  the  point  at 
which,  again  with  maximum  accommodation,  it  is  just  seen  single. 
Repeat  the  measurement  with  a  needle  mounted  horizontally.  H 
regular  astigmatism  is  present,  the  distances  will  not  be  the  same. 
Most  eyes  have  slight  regular  astigmatism. 

In  xiiyopic  persons  the  far-point  of  distinct  vision  can  also  be 
determined  by  Scheiner's  experiment.  The  needle  being  left  on 
a  shelf  at  the  level  of  the  eye,  the  person  walks  a,vniy  from  it  back- 
wards, regarding  it  all  the  time  through  the  perforated  card,  till  it 
is  no  lonpcr  seen  single,  "■'■ 

5.  Kiihne's  Artificial  Eye. — This  is  an  elongated  box  provided  with 
a  glass  lens  to  represent  the  crj'Stallinc,  and  a  ground-glass  plate  to 
represent  the  retina.  The  box  is  fiUed  with  water  to  which  a  Uttle 
eosin  has  been  added.  The  water  must  be  perfectly  clear.  If  the 
tap-water  is  turbid  it  should  be  filtered  or  allowed  to  settle,  or  dis- 


Fm.    3S5. — SCHEISERS    HxCtRlMEST. 

In  the  upper  figtirt;  the  cyr  is  for.iifised  fur  a  point  fartbcr  away  than  ihe  needle, 
in  the  lower,  for  a  nearer  point.  The  c-oiilinuuus  lines  represent  ra>"S  from  the 
needle,  the  interrupted  linc«  raj-s  from  thr  point  in  focus.  But  the  lines  msids 
the  eye,  which  by  an  error  in  engraving  are  drawn  as  continuous  lines,  ought  to 
he  interrupted,  and  vice  rrrsJ. 


tilled  water  should  be  used.  A  beam  of  sunlight  or  electric  light, 
or,  in  case  these  are  not  available,  a  beam  from  an  oil  stcrcopticon, 
is  made  to  pass  through  the  box.  Many  of  the  facts  of  vision  can 
be  illustrated  by  me.ins  of  this  piece  of  apparatus.  The  modifica- 
tion of  it  introduced  by  Lyon  is  very  convenient. 

(a)  I^t  the  rays  of  light  pass  through  an  arrow-sliaped  slit  in^a 
piece  of  cardboard.  An  inverted  image  of  the  arrow  is  formed  on 
tlie  retina.  Move  the  retina  nearer  to  or  farther  from  the  lens  to 
make  the  image  sharp.  In  the  eve  of  man  and  of  most  animals. 
accommodation  is  not  brought  ab<:)Ut  by  a  change  in  tlic  distance  of 
retina  and  lens,  but  bv  a  r*^-»^       -^^  '•iirvature  in  the  lens. 

(A)   Remove  tbe  r  far  behind  the  retimi. 

'his  illustralcr  lens  h;is  hocn  removed 

for  cataract  '  -.\   nn  the 

retina  b\  .  \r.     But 
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this  must  be  much  weaker  th&n  the  lens  which  has  been  removvd, 
ioT  if  the  latter  be  placed  in  front  of  the  eye,  the  image  is  formed  a 
little  behind  the  cornea. 

(c)  Keplace  the  leas.  Mi^ve  the  retina  so  far  back  that  the  ii 
is  facussed  in  front  of  it.  This  is  tlie  condition  in  the  myopic 
Put  a  weak  concave  lens  in  front  of  the  eye  ;  the  image  now  fall 
more  nearly  on  the  retina.  Move  the  retina  forward  so  tliat  ti 
focus  is   behind   it.     Tliis   corresponds   to  the   hyi>ermetropic  w 

Put  a  weak  convex  lens  in 
of  the  eye  to  correct  the  defect. 
(rf)  Observe  that  a  plate  with 
hole  in  it.  placed  in  front 
the  eye,  rentiers  an  indisrincrl) 
focussed  image  somewhat  shai 
by  cuUinc  on  the  more  divcrf 
l.K;ri]>lieral  ra^'S. 

{e)  Fill  with  water  the  chami 
in  front  of  the  cur\'ed  Rlass 
represents  the  cornea.     The  f'x 
is  now  behind  the  back  of  the  c 
altogether.       Refraction    by    tl 
cornea   is   here   aboUshed,  as 
the  case   in  vision   under  water.' 
An  additional  lens  inside  the  c 
or  a  weaker  one   in   (ront   of 
corrects  the  defect.      Fishes  lia^ 
a  much  more  nearly  spherical  let 
than    land    animals,    and    a 
cornea. 

{/)   Hill  the   hollow  c\-Undrii: 
lens  with  water,  and  pface  ir  u 
front  of  the  artiiicial  eye.    The  cy\ 
is  now  astigmatic.  A  pointof  lighl 
is  focussed  on  the  retina,  not  a»  " 
point,  but  as  a  line.     The  verlx 
and   horizontal   limbs  of   a 
cut  out  of  a  piece  of  cardboai 
and   placed    in    the    path   of   ll 
beam    of    light   cannot    t>c    bot 
focussed  at  the  same  time. 

6.  Astigmatism  fReguJar).' 
Look  at  a  figure  shou-in^  a  numi 
of    hues    radiatint:    horizontaih 
vertically,    and    in    intennrdial 
directions  from  a  common  centi 
First    fix    the    figure    at    such 


Fic.  386. — Ophthalmoueter,  as  seen 

FROM    BEHIND    THE    PaTIEST. 

B,  blind  iirtv  covering  the  eye  not 
being  examined  :  H.  cliin-rcst  t  A,  A, 
graduated  dUcs  ua  which  radii  of 
curvature  of  the  cornea  in  various 
meridiaas  are  read  oS  or  their  eiiuiva- 
lent  in  diopters ;  R.  cyc-piecc  of 
telescope  :  C,  milled  head  for  raising 
and  lowering  chin<rest ;  F,  milled  head 
lor  adjusting  height  of  the  ophtbalmo- 
meter,  and  *1  fur  uioviug  it  horixon- 
tally  back  and  forth  :  r.  graduated 
for  giving  the  n>tation  of  the  outer 

ibenftije  teles*  ope  and  the  hlackdisc  u. 
u  are  seen  the  two  illuminated  mires. 


distance  that  one  can  comforta 
accommodate.     If  a.stigmatism  is  present,  all  the  lines  cannot 
with  e(|ual  distinctness  at  the  same  time,  hut  they  can  all  be 
sively  accommodated  for.     Next,  bring  the  figure  to  the  near 
of  distinct  vision  for  the  horizontal  and  neighbouring  lines.    Hroha! 
the  vertical  Unes  uill  be  blurred  and  caimot  be  made  as  distini 
as  the  horizontal  by  any  effort  of  accommodation*      H  the  eye  kf 
distinctly  astigmatic,  the  difference  will  be  ntarkrd. 

(2)   Use   the   Ophthalmometer. — A   coavement    form 
Figs.  386  and  387. 


ift  &hawo 
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Raise  or  lower  the  chin-rest  till  the  upper  bar  of  the  head-rest 
is  just  above  the  patient's  eyebrows,  his  head  being  exactly  vertical. 
The  eve  not  to  be  examined' is  covered  with  the  blind.  The  patient 
looks  steadily  into  the  opening  of  the  ttit>e  wth  his  eye  wide  open. 
The  height  of  the  instrument  ha\nng  been  adjusted,  a  clear  image 
of  the  mires  is  obtained  by  focussing.  The  lube  is  then  turned  hori- 
zontally slightlv  to  right  or  left  until  the  two  images  of  the  mires 
are  close  together  and  equally  distinct.     Rotate  the  outer  tube 


Fig.  3S7. — Vertical  SEgTio.v  or  Oi'iiiUALMOMbtEK. 

d,  uuter  [ij1>e  of  the  lel««coi>p  rolnting  in  sleeve  or  collar  s  (supported  by 
standard  /,  whirh  is  swivelled  in  tiiliular  siippfirt,  g)  ;  k,  dJAphragm  ;  10.  rw-picce 
with  leasee  a  and  b  ;  n,  n  stJtiooarv  di^c.  home  on  collar  s,  Kfoduateil  to  indicate 
•iiii^le  of  rotaliiin  of  u,  a  black  concave  disc  rotating  with  tube  </.  and  having 
fixed  in  it  two  ilhiminated  liffures  (or  nilreft).  it.  ic,  wboM  imagei  reflected  from 
the  coniea  arc  ohsei^ed  ;  1  is  a  pointer  carried  011  the  tube  J  vrhi<'h  itiows  on  the 
graduated  arc  the-  amount  of  rot4ti<-m  :  12.  i3,  hemispherical  shells  Citotalning 
small  incandescent  lamps  for  illuminating  the  translucent  mires-  The  lamps  are 
Ciinnerled  with  wire<i  rnnnin^;  in  the  hollow  stem  <  ,-  /  is  the  inner  tube  v>f  the 
telescope  carrying  the  double  prism  A.  h.  By  means  of  the  rack  0,  projectinfc 
through  the  slot  m,  and  engaged  by  the  pinion  />,  /  is  moved  back  and  ('""rth 
in  the  outer  tube,  thus  approximating  or  separating  the  corneal  jmaijcs  of  the 
mire«.  On  the  axis  of  />  i»  a  milled  head  for  turning  it.  and  two  duplicate  discs 
graduated  with  a  scale  showing  the  radii  of  curvature  of  the  cornea  in  milhmetrcs. 
and  another  ^cale  showing  their  equivalent  in  diopters. 

<Kig.  387.  (i)  until  the  long  meridian  lines  ol  the  images  are  exactly 

["In  line  with  each  other.     If  there  is  no  astigmatism,  this  will  be 

)0  at  all  axial  |xtsitions  ;   if   there  is  astigmatism,   at  onlv  t\vo 

thus    been    obtained,    the    graduated 

*'ie  of  the  tube  is  rotated  until  the 

ges  also  unite,  forming  a  ix^rfect 

^88i,   and   the  adjustable   pointer 

coincide  with  the  stationarv  one 

55—2 
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and  a  reading  taken.  Now  rotate  d  through  go  degrees  ;  the  loi 
axial  lines  of  the  images  will  be  in  alignment  without  further  adjus 
ment.  But  if  the  eye  is  astigmatic,  the  short  lines  will  not  (Fig.  iS'>l 
By  rotating  A,  the  short  lines  are  made  to  coincide,  so  that  a  pc! 
cross  is  again  formed,  and  the  graduation  is  read.  The  ditlerei 
between  this  and  the  previous  reading— i.e.,  the  difference  betwwn 
the  two  pointers— gives  the  difference  in  the  cur\'aturc  of  the 
cornea  in  the  two  meridians.  The  images  of  circles  which  lonn 
the  outer  portion  of  the  mires  are  oval  in  ordinary  astigmatism. 

7.  Spherical  Aberration. — Close  one  eye,  and  bring  a  small 
(a  pm  or  the  point  of  a  pencil)  towards  the  other  e>-e  till  it 
blurred.     Interpose   between   the  object  and   the   eye   a   cai 
foratcd  by  a  small  hole.     The  object  becomes  more  distinct  owiog 
to  the  cutting  off  of  the  peripheral  ras-s  (p.  709). 

8.  Chromatic  Abcrration.^Look  at  Kig.  jt47  (p.  800I  from  a  distant 
too  small  for  perfect  accommodation,  and  verify  the  facts  given 
the  description  of  the  figure. 

9.  Measurement  of  the  Extent  of  the  Field  of  Vision. — Use  the  pen- 
meter  shown  in  Fig.  371  (p.  836). 

(I)  For  Whitf  Light. — T^x  in  the  holder.  Ob,  on  Uie  graduated 
a  small  piece  of  white  paper,  and  put  one  of  the  charts  suppliMi' 


kll  Ogjtt^^ 

-'  "log       ' 

>ii«i^n 


FlQ.  3SS. 


Flo.  38g. 


with  the  instrument  at  the  back  of  the  wheel  which  revolves  wfl 
the  arc.  The  observations  can  be  recorded  on  this  chart, 
patient  rests  his  chin  on  K  and  adjusts  one  eye  against  O.  tXi 
eye  is  kept  fixed  on  the  mark  at  /  during  the  whole  period  of  obser\' 
tion,  and  the  other  eye  is  covered.  The  arc  is  placed  in  a  definil 
position,  and  the  wliite  object  gradually  moved  from  the  end 
the  arc  until  the  person  announces  that  he  can  just  see  it. 
angle  at  whicJi  tlus  occurs  is  read  off  and  recorded  on  the  ci 
The  arc  is  then  rotated  into  a  new  position  and  the  obeer\'atic 
repeated.  A  line  is  drawn  through  all  the  points  thus  obtaim 
and  this  constitutes  the  boundary  of  the  field  of  vision. 

If  the  position  of  each  point  is  inserted  on  the  cliart,  a  point  abo^ 
the  horizontal  plane  passing  through  the  visual  axis  l>eing  pUcc4 
below  it.  and  a  point  to  the  right  of  the  vertical  plane  bdn^ 
moved  to  the  left,  we  obtain  a  map  of  the  sensitive  portii 
retina.     Usually  perimeters  are  arranged  to  do  this  autumatif 

(2)  Repeat  tfie  mapping  of  the  field,  using  coloured  ^\ 
green,  and  blue)  instead  of  while. 

10.  Mapping  the  Blind  Spot, — Make  a  black  cross  oa  < 
white  pawr  attached  to  the  wall,  the  centre  of  the  cross  >» 
height  of  the  eye  in  the  erect  position.     Stand  about  la 
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the  wall,  the  chin  supported  on  a  projecting  piece  of  wood-  Fix  the 
centre  of  the  cross  with  one  eye,  the  other  being  closed,  and  move 
over  the  paper  a  pencil  covered,  except  at  the  point,  with  white 
paper,  until  the  ^x^int  just  disappears,  ^fake  a  mark  on  the  paper 
at  this  point,  and  repeat  the  observation  for  all  diameters  of  the 
field.  The  blind  spot  b  thus  marked  out  (Fig,  390).  Its  shape  is 
not  the  same  in  all  eyes  (Fig.  391).  Its  size  and  distance  from  the 
fovea  centralis  can  be  calculated  from  the  construction  given  in 
Fiff.  342. 

11,  The  Macula  Lutea,  or  Yellow  Spot. — (i)  After  closing  the  eyes 
for  a  minute  or  two.  look  with  one  eye  through  a  strong  solution  of 
chrome  alum  in  a  clear  glass  bottle  with  parallel  sides.  Hold  the 
bottle  between  the  eye  and  a  white  screen  or  a  white  cloud.  An 
oval  rose-cninured  spot  will  be  seen  in  a  greenish  field  (p.  836). 
Tlie  pi|j;mcnt  of  the  yellow  sytot  absort>s  the  blue  and  green  rays. 

12.  Ophthalmoscope — (1)  Human  Eye  (p.  804). — Let  A  be  the 
observer,  and  B  the  person  whose  eye  is  to  be  examined.     A  and  B 


Fig.  390. — Mai»  of  Blind  Spot  !^  v  UNE-iiAtr). 

Right  eye.     Distance  of  eye  from  paper,  it  inches. 

are  seated  facing  each  other.  Suppose  that  the  right  eye  of  B  is  to 
be  examined.  Close  to  the  left  car  of  B  is  a  lamp  on  a  level  with 
his  eyes :  the  room  is  otherwise  dark.  For  a  clinical  examination^ 
the  pupil  should  be  dilated  by  putting  into  the  eye  a  drop  of  a 
0'5  percent,  solution  of  atropia  sulphate,  but  this  is  not  indispensable 
for  the  experiment. 

(a)  Direct  Method. — A  takes  the  mirror  in  his  right  hand,  and, 
holding  it  close  to  his  own  eye.  looks  through  the  central  hole,  and 
throws  a  beam  of  light  into  B's  eye.  A  red  glare,  the  so-called 
'  reflex  '  from  the  choroidal  vessels,  is  now  seen.  A  then  brings  the 
mirror  to  within  2  or  3  inches  of  B's  eye,  keeping  his  own  eye  always 
at  the  aperture.  .\  and  B  both  relax  their  accommodation,  as  il 
[they  were  looking  away  to  a  distance.  If  both  c>'es  are  emmetropic, 
"le  retinal  vessels  will  be  seen.  B  should  now  look  away  past  the 
lttl/»  *  "       "       "^xis  causes  slight  inward  rotation  of 

-hilc  optic  disc  with  the  central 
it. 

irror  in  his  right  hand  to 
?ye  bcliind  the  aperture  as 
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before  at  a  distance  of  about  18  inches  from  B,  and  throws  a 
of  light  into  B's  eye.     Then  A  takes  a  small  biconvex  lens  in 
left  hand,  and  places  it  2  or  ^  inches  in  front  of  B*s  eye,  kecpii 
it  steady  by  resting  his  little  finger  on  B's  temple.     A  new  mo\i 
the  mirror  until  he  sees  the  optic  disc. 


Fig.   vji. — C'oMJ'uiJitfe.  Hctukk  oi-   Blind   Sfor  (sor  reoccbdi. 

The  bliod  spot  of  the  right  eye  was  mapped  by  31  rum,  the  t^y*-  lipmkr  j]*<^r-< 
at  a  distance  ot  12  inches  from  the  paper.     The  m.tpi  wrrr   - 
The  jimount  of  white  at  any  point  of  the  figure  )&  intended  to  • 
nunit>er  of  mapa  which  ovrrlappcd  nt   that   point.     Although   the  mc 
process  of  reproduction  gives  rather  au  imperfect  view  of  the  compoel 
the  area  in  the  cpntre  of  the  figure  where  the  white  ts  most  rontinuous, 
represents  the  shape  of  the  majority  of  the  blind-spots,  evidently  lie^irs  a 
resemblance  to  the  outline  in  Fig.  390. 

(2)  Examine  a  rabbit's  eye  by  the  direct  and  indirect 
Dilate  the  pupil  by  a  drop  or  two' of  atropia  solution. 

For  practice,  before  doing  (i )  and  (2)  the  student  should  cx&mi 
an  artificial  '  eye  '  by  both  methods,  so  as  to  get  a  clear  view  of 
represents  the  retina.     A  substitute  for  the  artiticial  eye 
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^     be 

'       in: 


made  by  unscrewing  the  lower  lens  of  the  eyepiece  of  a  microscope, 
and  fastening  in  its  place  a  piece  of  paper  witli  some  printed  matter 
on  it.     The  letters  must  be  made  out  with  the  ophthalmoscope. 

The  opportunity  should  also  be  taken  to  observe  the  eye  of  an 
anaesthetized  animal  by  the  simple  cover-class  method  mentioned 
in  I.  A  round  cover-gLiss  is  slipped  under  both  eyelids  and  so 
held  in  position  on  the  cornea.  The  fundus  of  the  eye  can  now  be 
clearly  seen,  iucluding  the  optic  disc  and  retinal  vessels.  The  instilla- 
tion of  a  little  cocaine  into  the  eye  of  a  rabbit  \v\\\  produce  lucril 
anasthesia  sufficient  to  j>ennit  the  cx(>enmcnt. 

1 3.  Skiascopy  or  Retinoscopy. — The  sinjplest  method  is  as  follows  : 
The  observer  places  himself  at  a  distance  of  a  metre  from  the 
observed  eye.  wliich  he  illuniinatcs  by  a  beam  reflected  from  a 
concave  ophtlialmosco]iic  mirror  held  in  front  of  his  eye.  The 
accommodation  of  the  observed  eye  is  relaxed.  If,  now.  when  the 
mirror  is  rotated  no  direction  of  movement  of  the  shiidow  or  the 
light  area  can  be  made  out.  the  pupil  t>ecoming  all  at  once  dark 
throughout  its  whole  extent  when  the  mirror  is  rotated  in  one  direc- 
tion and  all  at  once  light  throughout  its  whole  extent  when  the 
mirror  is  rotated  in  the  opposite  dircctinn,  the  obser\'er  is  in  the 
far-point  of  the  observed  eye.  Since  the  far-point  is  at  the  distance 
of  a  metre,  there  is  in  this  case  myopia  amounting  to  one  diopter. 
If,  however,  the  light  area  moves  m  the  same  direction  as  the 
rotation  of  the  concave  mirror,  the  far-point  of  the  obser\*cd  eye 
lies  between  the  observer  and  the  obser\'cd  eye,  so  that  iho  myopia 
amounts  to  more  than  one  diopter.  The  precise  degree  of  myopia 
can  be  estimated  by  interposing  biconcave  lenses  of  dificrent  strength 
until  the  far-|t**^)int  is  made  just  i  metre. 

If  the  Ught  area  moves  in  the  opposite  direction  to  the  rotation 

the  mirror,  the  far-point  is  more  than  a  metre  distant,  and  thcrc- 

rc  the  observed  eye  is  emmetropic  or  hypermetropic,  or  myopic 
to  a  degree  less  than  a  diopter.  The  Ions,  convex  or  concave,  can 
now  be  sought  out  which  will  just  bring  the  far-point  to  a  metre, 
and  from  the  strength  of  it.  minus  one  diopter,  the  refraction  can 
be  estimated.  Suppuscr  for  instance,  that  a  convex  lens  of  two 
iopters  is  required,  then  h>'pcrmetropia  of  one  diopter  exists. 

In  order  to  faciiitate  the  introduction  of  the  various  lenses, 
instruments  called  skiascoi>es  or  rcttnosco])cs  may  be  used»  one  of 
which  is  shown  in  Fig.  392, 

4.  Pupillo-dilator  and  Constrictor  Fibres. — {a)  Set  up  an  indue- 

n  maclune  arranged  for  tetanus.  ;nid  connect  a  pair  of  electrodes 
through  a  short-circuiting  key  with  the  secondary-.  Etherize  a  cat 
by  putting  it  into  a  large  vessel  with  a  Ud,  slipping  into  the  vessel 
a  piece  of  «itton-wool  soaked  with  ether,  and  waiting  till  the  move- 
ments of  the  animal  inside  the  vessel  have  cease<l.  Then  quickly 
put  the  cat  on  a  holder  and  maintain  ana?sthesia  with  ether.  Expose 
the  sympathetic  in  the  neck  (p.  180)  ;  the  carotid  is  taken  as  the 
guide  to  it.  Ligature  the  nerve,  and  cut  below  the  ligature.  On 
stimulating  the  up|)er  (cephalic)  end,  the  pupil  of  the  corresponding 
eye  dilates. 

(fr)  Observe  in  the  eye  of  a  fcUow-student,  or,  by  means  of  a 
looking-glass,  in  your  own  eye.  that  when  light  falls  on  one  eye  both 
pupils  contract. 

{£)  Observe  that  when  the  eye  is  accommodated  for  a  n 
the  pupil  contracts,  and  that  it  dilates  when  a  dv 
looked  at. 
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15.  Colour-mixing. — (a)  Arrange  a  red  and  a  bluish-grem  disc  on 
one  o(   the   steel   discs  of    the   colour-mixing  apparatus  shown 
Fig.  JQ3,  so  that  a  part  of  each  is  seen.     On  another  arrange  a  \ioU 


Fio.  392. — Geneva  Retinoscopi  a 


aLVl--_'_i'^_ 


A.   frame  of  instrumeot ;  B.  retinoscope  ftttacbment ;  C  ophtlialinij«u| 

attachment  ;  D,  base  ;  i,  mirror  handle  :  2,  clip  to  hold  the  proper  lens  to  e 
the  abnormality  of  refraction  of  observer  or  patient  when  %-irwmg  the  rctmj  '*  ttfc 
the  ophthahnu&cupe  :  3,  scale  indicating  the  meridian  uf  handle  and  pointer  ;  4. 
ring  in  which  mirror  cup  rotates ;  6.  mirror  -.  7,  mirror  spring  for  reflertiog  the  huht 
to  a  given  point :  8.  screws  for  adjusting  mirror  :  g.  screw  for  holding  light  Aod 
ring  4  in  position  :  10.  handle  for  swinging  A  from  side  to  side  :  13.  opexting  in 
diaphragm, controlled  by  handle  14 ;  15,  lamp  hood:  17.  knurled  handle  for  rotatt 
disc  containing  the  full  diopter  lenses  ;  18,  handle  for  rotating  the  disc  contain 
the  fractional  lenses  (white  numbers  indicate  plus  lenses,  and  red  minus  lensest 
30.  opeoiDg  through  which  observer  looks  when  adjusting  the  retinoscope  to  Uw 
patient's  eye;  3i.  pinion  for  advancing  or  rctractmg  instrument  :  14,  bracket 
ring  of  retinoscope  attachment  B,  which  is  slipped  over  ring  25  when  putting 
retinoscope  attachment  into  place  ;  28,  clips  for  *  fogging  '  lenses  tfarouch  which 
the  patient  looks  to  relax  accommodation  :  sq.  c^>ening  through  which  the  pupil 
is  viewed  in  retinoscopv  :  30.  opening  containing  clip  in  which  rxtm  I 
be  inserted  when  required,  or  the  delect  is  over  8  diopters  ;  32.  patient' 
cup:  33.  ring  of  ophthalmoscope  attachment.  C,  which  telev" 
34*  ophthalmoscope  lube :  33,  binding-screw  which  holds  tbr  t 

fixed  position  when  retinoscope  is  being  used:  37,  nicic  to  rai-'  ■\ig 

instrument ;  40.  handle  controlling  height  of  chtn-rett  44  ;  46,  forehc^d-foi. 


and  a  yellow  disc,  and  on  the  third  an  orange  and  a  blue  disc, 
adjustment  of  the  proportions  of    the  two  colours  a  uniform 
can  be  obtained  frotn  each  of   these  combinations  (cotnpletzieni 
colours)  when  the  discs  are  rapidly  rotated. 
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(6)  Mix  two  colours  that  are  not  complementary — '.f.»  blue  and 
red — grc>'  or  white  cannot  be  obtained  by  any  adjustment  oi  nm- 
portions  ;  the  result  is  always  a  mixed  colour,  the  prrcise  nuc 
depending  on  the  amount  of  each  in|;Tcdient. 

{c)  Take  papers  of  any  three  colours  fmm  widely-scj-uinitcd  ptrts 
of  the  spectrum — e.g.,  blue,  green,  and  red  -  and  arrange  then\  on 
one  of  the  rotating  discs.  Bv  v-arv-ing  the  proportions,  white  icrcy) 
rCan  be  produced,  and  any  otfier  coloured  paper  fastened  on  another 


t^ir,,   393. — Ari'AHATirf   nut   (  riLitt'ii-Hr«i:<r't 


of  the  rotating  discs  can  be  matched  by  adding  white  to  t)ir  throe 
colours. 

16.  After-images — (i)  Positive. — (a)  Rc»t  thff  eye*  for  two  or  three 
minutes  by  closing  them,  or  by  going  into  a  dark  rtK)m.  Tlirn 
look  for  an  instant  at  a  bright  obfect.  a  window  or  an  Incandescent 
lamp,  and  at  once  dose  the  «yc«  again.  A  bright  positive  after- 
image oi  the  object  looked  at  will  be  teen. 

(6)  Ijook  at  an  incaadcaoent  lamp  through  a  cokmred  cbM  aa  in 
a).     The  positive  after  •imaca  will  appear  in  the  aatne  comr  aa  tbe 


glass. 


(2)  S$gaiw4  AH4f'ima$g. — (a)  l.«ook  at  an  innndeecaot  lamp  iaf 
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thirty  seconds,  and  then  direct  the  e>'C5  to  a  white  suriAoe. 
after-image  of  the  filament  will  appear  dark. 

(b)  Kook  at  the  lamp  through  a  coloured  glass  for  thirty  or  forty 
seconds,  and  then  close  the  eye  or  look  at  a  white  ground.  Tha' 
after-image  of  the  filament  will  appear  in  the  complen»entar\-  colour 
of  the  glass.  If  the  glass  wus  red,  for  instance,  the  after-image  will] 
be  greenish, 

ic)  hook  at  a  white  square  on  a  dark  ground  for  thirty  seconds,' 
then  quickly  cover  the  field  with  white  paper.      A  dark  square  will 
be  seen  on  the  wliite  ground. 

((/)  Repeat  (c)  with  coloured  squares.     The  after-image  of  the, 
square  will  be  in  the  complementary  colour.  1 

Contrast. — Perform  Meyer's  experiment  (p.  S^^)- 

17.  Retinal  Fatigue. — FL\  the  eye  steadily  on  a  portion  of  a  printed 
nage  a  considerable  distance  away.  Note  that  the  print  soon 
becomes  blurred.  Wink  the  eye  ;  the  short  rest  causes  a  notable 
recovery  of  the  retma. 

18.  Visual  Acuity. — Draw  on  a  while  card  a  series  of  vertical  black 
Unes  I  mm.  thick,  and  separated  from  each  other  by  a  distance 
of  a  millimetre.  Set  the  card  up  in  a  good  light,  and  walk  back- 
wards from  it  till  the  individual  lines  just  fail  to  be  discriminated. 
Measure  the  distance  from  the  card  at  which  this  occurs,  and  calcu- 
late the  size  of  the  retinal  image  (p.  70T  )• 

ly.  Colour-blindttess.— Spread  out  Holmgren's  coloured  wools  otii 
a  sheet  vi  white  filter]>a|>er  in  a  good  light.  Do  not  mention  the 
colours  of  any  of  the  woiils,  but  ask  the  jwrson  who  is  being  testt-d 
to  pick  out  all  the  wools  wliich  sccra  to  him  to  match  a  whitish 
green  wool,  which  is  handed  to  him.  If  he  makes  any  mistakes, 
give  him  a  red  (magenta)  wool,  and  ask  him  to  pick  out  match< 
lor  it.  If  he  is  red -blind,  he  will  confuse  it  with  other  colours,! 
such  as  blue  and  violet. 

20.  Talbot's  Law. — Rotate  a  disc  one  sector  of  which  is  black  andl 
the  rest  wliiic.  or  a  disc  like  tliat  in  Fig.  368.  .\  uniform  shade  isj 
produced  as  soon  as  a  speed  of  about  25  revolutions  a  second  has] 
been  attained,  and  this  is  not  altered  by  further  increase  in  th( 
speed. 

21.  Purkinje's  Figures. — («)  Concentrate  a  beam  of  sunlight  bi 
a  lens  on  the  sclerotic  at  a  pi>int  as  far  as  possible  from  tb'-  -  ■••" 
margin,  passing  the  beam  through  a  parallel-sided  glass  Irri 
with  a  solution  of  alum  to  sift  out  the  long  heat-rays.  "1  :.  ., 
turned  towards  a  dark  ground.  The  field  of  vision  takes  on  a  bronxirdj 
appearance,  and  the  retinal  bloodvessels  stand  out  on  it  as  a  dark 
network,  which  appears  to  move  m  the  same  direction  as  the  spot] 
of  light  on  the  sclerotic.  A  portion  of  the  field  corresjxmding  to  tl 
yellow  sjx)t  is  devoid  of  shadows  (p.  Si8). 

(b)  Direct  the  eye:>  to  a  dark  ground  while  a  flame  held  at  the  stdej 
of  the  eye,  and  at  a  distance  from  the  visual  line,  is  moved  slightly] 
to  and  fro.  A  picture  of  branching  bloodvessels  appears.  T* 
experiment  is  performed  in  a  dark  room. 

{c)  Immediately  on  awaking  look  at  a  white  ceiling  for  an  instant 
a  pattern  of  branched  bloodvessels  is  seen.     If  the  eye  be  at  adi 
closed,  and  then  opened  with  a  blinking  movement,  this  may 
observed  again  and  again.     Ultimately  the  appearance  fades  away. 
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HEARING.  TASTE,  SMELL.  TOUCH,  ETC. 

22.  Monochord. — Study  by  means  of  the  monochard,  a  stretched 
string  with  a  movable  stop,  the  relation  between  the  pitch  of  the 
note  given  out  by  a  vibrating  string,  and  its  length  and  tension. 

23.  Beats.— Cause  two  tuning-forks  of  nearly  equal  ]}itcb  lo 
\'ibrate  at  the  same  time.  Make  out  the  beats,  and  count  their 
number  |x^r  second. 

24.  Sympathetic  Vibration. — Take  tlirec  tuning-forks  mounted  on 
resonators.  Let  two  of  them  be  of  the  same  pitch,  Stnkc  one  of 
these  ;  the  other  is  throvni  into  sympathetic  \'ibration,  and  continues 
to  give  out  a  notp  after  the  first  is  quickly  stopped  by  touching 
it.     The  tliird  fork  is  unaffected. 

25.  Determine  by  means  of  Galton's  whistle  the  pitch  of  the  highest 
audible  tone. 

26.  Cranial  Conduction  of  Sound.— When  a  tuning-fork  is  held 
between  the  teeth,  a  part  of  the  sound  passes  out  of  the  car  from  the 
vibrating  mcmbrana  tympaiii ;  il  one  ear  is  closed,  the  sound  is 
heard  better  in  this  tlian  in  the  open  ear.  If  the  tuning-fork  is  held 
between  the  teeth  till,  with  both  ears  open,  it  becomes  inaudible,  it 
will  be  heard  for  a  short  time  if  one  or  both  cars  be  stopped  ;  and 
when  in  this  position  the  sound  again  becomes  inappreciable,  it  can 
still  be  caught  if  the  handle  be  introduced  into  the  auditory  meatus. 

27.  Taste. — (1)  Apply  to  the  tongue  by  means  of  a  camel's-hair 
brush  a  solution  of  quihine  (i  to  i.oooj,  sodium  chloride  (i  to  2tKt). 
cane-sugar  (i  to  50).  and  sulphuric  acid  (i  to  i.ot)0).  Dctenninu  at 
whiit  part  of  the  tongue  the  strongest  sensations  are  elicited  by  each. 

(2)  Connect  two  short  pieces  ol  platinum  wire  with  the  cop|>cr  wire 
from  the  poles  of  a  Danicll  or  dry  cell.  Apply  one  platinum  u-ire  to 
the  inner  surface  of  the  lip  and  the  other  to  the  tip  of  the  tongue. 
Reverse  the  poles.  Note  the  difference  in  the  sensation  according  to 
whether  the  anode  or  the  kathode  is  on  the  tongue. 

28.  Smell. — ( I )  Pass  a  current  through  the  olfactory  mucous  mem- 
brane by  connecting  one  electrode  with  the  forehcatl  and  the  other 
by  means  of  a  small  piece  of  sponge  or  cotton-wool  soaked  in  ohysio- 
logical  salt  solution  with  one  nostriL  An  odour  like  that  ui  phos- 
phorus will  be  perceived. 

{2)  To  distinguish  between  Taste  and  Smell. — Use  a  solution  of  clove- 
oil  in  water  which  can  just  be  distmguished  from  u-ater  when  it  is 
placed  on  the  tongue  by  means  of  a  camel's-hair  brush.  Close  the 
nostrils,  and  determine  whether  the  clove-oil  can  now  be  detected. 

29.  Touch  and  Pressure. — (1)  Find  the  least  distiince  apart  at 
which  the  points  of  the  a'sthesiometcr  comjwisses  can  be  recognised 
as  two  when  applied  to  the  back  of  the  hand,  the  forearm,  upper 
arm.  forehead,  finger-tips,  or  tip  of  the  tongue.  Both  jx)ints  of  the 
compasses  must  be  placed  on  the  skin  at  the  same  time,  and  the 
same  pressure  applied  to  both- 

(2)  Time    Discrimination    of    Touch. — Touch    the     prong    of    a 

vibrating  tuning-fork  hghtly  with  the  tip  of  the  finger.     The   taps 

of  the  prong  on  the  skin  do  not  blend  into  a  continuous  sensation 

^L  even  when  the  fork  vibrates  several  hundred  times  }wr  second  ^ 

^F      ^o.  Temperature  Sensations. — ( i )  On  the  dorsal  side  of  the  \\s 


hand 
outline  an  area  of  skin.     Divide  tliis  into  areas  of  4  square  milli- 


30.  Temperature 
lu  area  of 
metres.    With  a  metal  cyhnder  ending  in  a  blunt  {x>int  and  filled 
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with  water  at  different  temperatures,  determine  the  position  and 
extent  of  *  warm  '  and  '  cold  '  spots.  Map  the  results  on  ruled  paper. 
Do  the  temperature  spots  give  pain  sensation  when  touched  with  a 
pin-point  ? 

(2)  Take  three  beakers  of  water  at  20*,  30",  and  40°  C.  respectively. 
Place  a  finger  of  one  hand  in  the  coldest  beaker,  a  finger  of  the  other 
hand  in  the  warmest,  until  no  definite  temperature  sensations  are  fdt 
by  either  finger.  Plunge  both  fingers  into  the  beaker  at  30°  C,  and 
temperature  sensations  will  be  perceived. 

(3)  Temperature  Discrimination, — Find  the  least  perceptible  differ- 
ence in  temperature  between  two  beakers  of  water  at  about  o"  C, 
30°  C,  and  55°  C.  Use  the  same  hand.  Expose  the  same  amount  of 
surface  to  the  water, 

(4)  Compare  the  acuteness  of  the  temperature  sensations  of  the 
skin  and  the  mucous  membrane  of  the  mouth,  touching  a  given 
portion  of  skin  and  then  a  portion  of  mucous  membrane  with  tabes 
containing  water  at  various  temperatures. 


CHAPTER  XTV 


REPRODUCTION 


Regeneration  of  Tissues.— Since  cells  are  constantly  dying  within 
the  Ixidy.  they  must  be  constantly  reproduced.  In  some  tissues  the 
process  by  which  this  is  .iccompUshed  is  more  evident,  and  therefore 
better  known,  than  in  others.  The  most  highly-organized  tissues 
are  with  difficulty  repaired,  or  not  at  all.  The  epidermis  is  always 
wearing  away  at  its  surface,  and  is  being  constantly  replaced  by  the 
multiplication  of  the  cells  of  the  stratum  Malpighii.  In  the  corneous 
layer  we  have  only  dead  cells  ;  in  the  Malpighian  layer  we  have  every 
histological  gradation  from  squamcs  to  columns,  and  every  physio- 
logical gradation  from  cells  which  are  about  to  die  to  cells  that  have 
just  been  bom.  The  corpuscles  of  the  blood  undoubtedly  arise  at 
first,  and  are  recruited  throughout  life,  by  the  proliferation  of 
mother-crlls.  The  gravid  uterus  grows  by  the  fom^ation  of  new 
fibres  from  the  old,  and  by  tbc  enlargement  of  both  old  and  new. 
A  severed  muscle  is  generally  tmitcd  only  by  connective  or  scar 
tissue,  but  under  favourable  conditions  a  complete  muscular 
*  spbce  '  may  be  formed,  A  broken  bone  is  regenerated  by  the 
proliferation  of  cells  of  the  ix'riosteum,  which  become  bone- 
corpuscles.  We  do  not  know  whether  there  is  any  new  formation  of 
ner\'e-cells  in  the  adult  organism  (but  see  p  750),  but  peripheral 
nerve-fibres  which  have  been  destroyed  by  accident  or  operation 
arc  readily  regenerated,  and  the  end-organs  of  efferent  nerves  may 
share  in  this  regeneration. 

In  lower  forms  of  animals,  and  in  all  or  most  vegetables,  the  power 
of  regeneration  is  much  greater  than  in  man.  The  starfish  can  not 
only  repair  the  loss  of  an  arm,  but  from  a  severed  arm  a  complete 
animal  can  be  developed.  .\  newt  can  reproduce  an  amputated  toe, 
and  every  tissue — skin,  muscle,  nerves,  bone — will  be  in  its  place. 
After  extraction  of  the  crystalline  lens  in  triton  larvae,  a  new  lens 
is  formed  from  the  iris  epithelium. 

Thus,  in  a  sense,  reproduction  is  constantly  going  on  within  the 
bodies  even  of  the  higher  animals.  But  since  the  whole  organism 
eventually  dies,  as  well  as  its  constituent  cells,  a  reproduction  of  the 
whole,  a  regeneration  en  massr,  is  required. 

A  cell  of  the  stratum  Malpighii  can  only,  so  far  as  wo  know, 
reproduce  a  similar  cell,  and  this  is  characteristic  of  cells  that  have 
undergone  a  certain  amount  of  differentiation,  especially  in  the 
higher  animals.  The  fertilized  ovum,  on  the  other  hand,  has  the 
power  of  reproducing  not  only  ova  like  itself,  but  the  counterparts 
of  every  cell  in  the  body.     And  this  is  only  the  highest  development 
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of  a  power  which  is  in  a  smaller  degree  inherent  in  other  ceUs  in 
lower  forms.  Plants  and  the  lowest  animals  are  far  less  dependent 
upon  reproduction  by  means  of  special  cells.  A  piece  of  a  Hydra 
separated  oif  artificially  or  by  simple  fission  becomes  a  complete 
Hydra,  as  was  shown  fay  Tremblcy  a  centun,-  and  a  half  ago.  \ 
cutting  from  a  branch,  a  root,  a  tuber,  or  even  a  leaf  of  a  plant, 
may  reproduce  the  whole  plant.  It  is  as  if  each  cell  in  these  lowly 
forms  carried  within  it  the  plan  of  the  complete  organism,  from  which 
it  built  up  the  perfect  plant  or  ammal.  But  the  si»ccial  bias  of 
trend  of  groA\-th  characteristic  of  each  form  is  not  a  rigid  rule.  It 
can  be  modified  ;  it  is  modified  in  evcr\-  garden  and  pond  by  influences 
coming  from  %nthout.  The  inborn  rule  of  life  for  many  plants  is  to 
grow  straight  up  ;  but  this  rule  is  often  traversed  by  circumstances- — 
by  differences  m  the  amount  of  sunshine,  for  example,  caught  by 
one  side  or  the  other,  or  by  the  position  of  neighbouring  objects 
which  lunder  or  help  a  vertical  growth.  And  in  animals  Hflugef 
has  shown  that  the  tUrection  of  the  lines  of  cleavage  of  the  ovum 
of  a  frog  depends  on  the  direction  in  which  gravity  acts,  although 
Dricsch  and  Hcrtwig  find  that  the  nucleus  can  even  be  made 
artoliciHlly  to  chiinge  its  place  with  reference  to  the  yolk,  without 
hindering  the  development  of  a  normal  animal.  Artificial  mouths, 
surrounded  by  tentacles,  can  be  formed  m  Cerianthus,  an  animal 
belonging  to  the  same  group  as  the  sea-anemones,  merely  by  making 
a  cut  in  the  body-wall  and  preventing  it  from  closing.  In  an 
Ascidian,  too  (the  Cynoti£  intesiinaiis),  artificial  openings  in  the 
branchial  sac,  surrounded  by  numerous  pigmented  points  similar 
to  the  eye-tipots  around  the  natural  mouth  and  anus,  have  been 
produced  (I.oeb).  Even  m  .\mphioxus,  the  lowest  of  the  verte- 
brates, the  eggs  have  been  broken  up  by  sheiking.  and  a  complete 
animal  evolved  from  as  Uttle  as  one-eighth  of  an  ovum.  If  the 
separation  was  incomplete  a  kind  of  Siamese  twins,  or  even  triplets, 
could  be  obtained  (Wilson  and  Mathews). 

The  action  of  radium  rays  upi>n  developing  tissues  is  of  interest. 
In  general  they  hinder  development,  by  interfering  with  mitosis 
for  instance,  but  under  certain  conditions  they  may  favour  tha 
developmcTit  of  the  larvas  of  the  frog  and  toad. 

Insect  larvas  are  pi^ralyzed  after  twenty-four  hours'  exposure^ 
and  antlirax  bacilh  cannot  develop.  Wounds  may  be  caused  in  th« 
skin  by  long  exposure  to  radium  ra\-s.  and  these  heal  with  difficulty 
and  very  slowly.  The  Rontgen  rays  and  the  ultra-violet  ra^-s  oi  the 
solar  spectrum  produce  ver\'  similar  effects  on  the  skin,  and  ha^-« 
been  employed  with  success  for  the  treatment  of  such  superticuli 
pathological  conditions  as  lupus. 

Reproduction  in  the  Higher  Animals. — In  all  the  higher  animjib 
reproduction  is  sexual,  and  the  sexes  are  separate. 

In  regard  to  the  secretions  of  the  reproducti\e  glands,  all  ttv» 
is  necessary  u>  be  said  here  is  that,  unlike  other  secretions,  their 
essential   constituents  arc   U\'ing   cells.     The   spermatozoa   in    the 
male  have,  indeed,  diverged  far  from  the  primitive  type.     Ccrtaiit 
fspcrmatogenous)  cells  in  the  tubules  of  the  testicle  divide  so  aii  t 
Ti  si^crmatoblasta.     Each  spermatoblast  becomes  :i  spermatozoon 
head  of  the  Litter  representin;^  the  nucleus  of  the  former  :  imd  i 

this  nucleus  (with  the  middle  piece  originallv  containing  the  mjJe 
attraction  sphere)  which  is  the  essential  contribution  of  the  male  to 
the  reproductive  process.  The  tail  of  the  spermatozoon  is  simplv.  fr^-»m 
the  physiological  point  of  view,  a  motile  arrangement,  whose  function, 
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!t  is  to  cany  the  nucleus  of  the  spermatoblast,  freighted  with  all  that 
the  father  can  transmit  to  the  otfsprin.e.  into  the  neighbourhood  of 
the  female  reproductive  element  or  ovum. 

Whatever  it  is  tluit  the  spermatozwjn  supplies,  tlie  process  of 
fertilization  can  in  certain  forms  be  imitated  artificially.  The  studies 
of  !-ocb  and  his  pupils  on  chemical  fertilization  arc  of  special  impor- 
tance. When  the  unfertilized  es;;s  of  the  sea-urchin  arc  exposed 
for  one  to  two  minutes  to  50  c.c.  of  sea-water,  to  which  y  or  4  c.c.  of 
decinormal  acetic  acid  has  been  added,  the  majority  of  the  eggs 
form  the  membrane  characteristic  of  the  entrance  of  the  sperma- 
tozoon. Wlien  these  eggs  are  afterwards  exposed  for  thirty  to 
forty  minutes  to  100  c.c.  of  sea-water»  to  which  14  or  15  c.c.  of  a 
strong  soUition  of  sodium  chloride  (two  and  a  half  times  the  strength 
of  a  normal  solution,  or  alxiut  1^*6  i>?r  cent.)  has  been  added»  those 
of  the  eggs  which  have  formed  menibranes  develop  int(»  swimming 
lar\'as  that  xvit  to  the  surface.  These  lar\'as  develop  into  perfect 
«ea-urciiin  larvas  or  '  plutei '  as  fast  as  the  larvas  of  eggs  fertilized 
vrith  sperm. 

The  ovum  aU*o  begins  as  a  t\'pical  cell  with  nucleus  (gcrminnl 
vesicle)  nucleolus  (germinal  spot)»  centrosome  .and  attraction  sphere 
(p.  2),  and  it  forms,  by  its  repeated  subdiWsion,  all  the  cells  of  the 
fcetal  body.  But,  except  in  some  (parthenogenetic)  forms,  it  never 
awakens  to  this  repnxliictivc  activity  till  fecundation  has  occurred  : 
and  fecundation  essentially  consists  in  the  union  of  the  male  Avith  the 
female  clement,  or  rather  in  the  union  of  the  male  and  female  nucleus. 

From  time  to  time  a  Graafian  follicle,  overdistendcd  by  its  liquor 
folliculi.  bursts  on  the  surface  of  the  ovarv  and  discharges  an  ovum. 
The  frayed  end  of  the  Fallopian  tube,  rising  up  finger-like  from  the 
dilatation  o(  its  blcKKl vessels,  grasps  the  ovum,  and  it  is  passed 
slowly  along  the  tube  by  the  down^^'ard  lashing  cilia  which  Imc  it. 
If  not  impregnated,  it  soon  perishes  amid  the  secretions  of  the 
titerus^— how  soon  has  hecw  matter  of  discussion,  and  can  hardly  be 
considered  as  settled.  If,  however,  impregnation  occurs,  the  ovum 
becomes  fixed  in  one  of  the  crypts  or  pouches  of  the  uterine  mucous 
membrane  {dfc\dua  scroiina),  which  grows  round  it  as  the  decidua 
reflfxa. 

Menstruation. — In  the  mature  female,  from  puberty,  the  age  at 
which  the  reproductive  power  begins  (thirtecntn  to  fifteenth  year), 
on  tUl  the  time  of  the  menopause  (fortieth  to  fiftieth  year),  at  which 
it  ceases,  an  ovum — or  it  may  be  in  some  cases  more  than  one — is 
discharged  at  regular  intcr\-als  of  about  four  weeks.  Tliis  discharge 
is  accompanied  by  certain  constitutional  symptoms  and  local  signs 
that  last  for  a  variable  number  of  dax-s.  The  genital  organs  are 
congested,  and  a  quantity  of  blood,  which  varies  in  different  indi- 
viduals, but  is  usually  from  100  to  200  grammes — that  is  to  say. 
■^^th  to  .j\,th  of  the  whole  of  the  blood  in  the  body — is  shed.  At 
the  same  time,  the  whole  or  a  portion  of  the  mucous  membrane  of 
the  uterus  is  cast  off. 

As  to  the  physiological  meaning  of  this  menstfuatiot:,  as  it  is 
called,  opinion  is  divided.  Two  chief  theories  Irnve  been  jiroposed 
to  account  for  it,  both  of  which  agree  in  considering  the  phenomenon 
to  be  connected  with  a  preparation  of  the  uterus  for  the  reception 
ol  the  ovum.  But  according  to  the  theory  of  Pfliiger  the  mucous 
membrane  is  stripped  off  (by  a  process  analogous  to  the  '  freshening  ' 
or  paring  of  the  indurated  edges  of  a  wound  by  the  surgeon,  m 
rdcr  that  urvion  may  occur  when  they  are  brought  together)  on 
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ths  chance^  so  to  speak,  thai  an  impregnated  ovum  may  arrive.     On  t 
alternative  theory,  this  change  takes  place  because  the  ovum  has  no' 
been   impregnated,  and  the  bed  prepared  for  it  is  therefore  not 
required  (Reichert.  WilUams,  etc.). 

The  process  of  menstruation,  and  the  nutrition  of  the  geni 
organs,  especially  the  uterus,  are  intimately  dependent  upon 
ovaries,  j'here  is  pood  evidence  that  the  influence  is  exerted  throug 
an  internal  secretion  formed  by  some  portion  of  the  ov 
substance.  When,  for  instance,  the  ovaries  of  young  animaiftj! 
(guinea-pigs)  are  removed  from  their  normal  situation  and  trazi^ 
planted  to  a  distant  part  of  the  body,  the  external  genitals,  vagina, 
and  uterus  undergo  the  normal  development  instead  of  bem 
arrested  in  their  grow-th,  as  is  the  case  when  the  ovaries  arc  remov 
altogether.  In  monkeys,  in  which  a  menstrual  flow  comparab 
to  that  in  the  human  female  occurs,  it  was  found  that  menstruatio 
took  place  after  the  ovaries  had  been  transplanted  from  i 
original  seat,  and  the  flow  stopped  when  the  transplanted  ov 
were  removed.  It  has  been  stated,  too,  that  in  a  young  womaa 
suffering  from  amenorrhoea  {lack  of  menstruation)  a  rcgtilar  flow 
appeared  after  the  transplantation  of  an  ovary  from  another  woman 
into  her  uterus.  Recently  the  view  has  been  put  forward  that  the 
important  part  of  the  ovary  for  these  functions  ls  the  corpus  luteum, 
which  is  by  some  investigators  considered  to  be  a  ^land  with  an 
internal  secretion  (Born).  This  secretion  seems  to  be  connected 
with  the  implantation  of  the  ovum  and  the  subsequent  growth  of 
both  ovum  and  uterus.  According  to  Fraenkcl.  the  absence  of  the 
corpus  luteum  prevents  impregnation.  VVhcn  the  ovum  has  not 
been  fertilized  the  corpus  luteum  bnngs  about  menstruation. 
Where  fertilization  has  occurred  it  prepares  the  uterus  for  the 
implantation  of  the  ovum.  He  considers  that  there  is  no  difference 
between  the  true  and  the  false  corpora  lutea.  '  Lutein,'  the  dried 
extract  of  the  corpora  lutea  of  cows,  is  recommended  for  the  treat- 
ment of  suppressed  menstruation,  and  the  troublesome  symptoms 
arising  from  the  premature  production  of  the  menopause  by  removal 
of  the  ovaries. 

Development  of  the  Ovum, — Before  fecundation,  and  apparently 
as  a  preparation  for  it,  the  ovum  is  the  seat  of  remarkable  changes, 
similar  upon  the  whole  to  those  seen  in  the  mitotic  or  indirect 
division  of  cells.  They  have  been  most  fully  studied  in  the  eg|^  d 
certain  invertebrate  animals.  The  nucleus  approaches  the  surface  of 
the  ovum,  the  nuclear  membrane  and  the  nucleoli  disappear,  and  a 
spindle  is  formed  which  ultimately  Ues  with  its  long  axis  at  right 
angles  to  the  circumference  of  the  ovum.  \t  the  outer  end  of  the 
spindle  a  small  round  body,  the  first  polar  body,  rises  up  from  the 
surface  of  the  egg  as  if  it  were  bcmg  squeezed  out  of  it.  and  is  &naJl^ 
extruded.  In  most  cases  the  process  is  re^jeatcd  ;  a  new  spiadw 
forms  and  a  second  polar  body  or  directive  corpuscle  is  cast  out.  As 
to  the  significance  of  these  changes  there  has  been  much  discussioo. 
It  is  agreed  that  the  result  of  the  process  is  the  expulsion  of  a  portion 
of  the  chromatin  {p.  2 ).  which  is  restored  by  the  male  pronucleus  when 
it  arri\-es  and  penetrates  the  ovum. 

Not  till  all  these  events  l\ave  taken  place — extrusion  of  the  tvea 
polar  bodies,  or  maturation,  penetration  of  the  spermatozoon  and 
blending  of  its  head  (the  male  pronucleus)  with  the  remnant  ol  the 
nucleus  of  the  oxnim  (female  pronucleus),  or  fecundation — not  tiU 
then  does  the  ovum  begin  to  di\-idc.     The  germinal  spot,  or  nucleus. 
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Splits  into  two.  and  the  yolk  being  also  cleft  by  a  corresponding 
furrow,  two  complete  nucleated  cpUs  make  their  appearance.  These 
divide  in  turn»  till  at  length  (in  the  mammal)  the  embryo  is  repre- 
sented by  a  hollow  sphere  or  vesicle,  with  a  cellular  crust.  During 
division  the  upper  or  outer  cells  have  always  been  larger  than  the 
inner  and  lower,  and  have  multiplied  more  rapidly  ;  and  thus  it 
comes  about  that  the  hollow  sphere  of  large  cells  encloses  a  mass  of 
smaller  cells,  alonp  with  remuants  oi  broken-down  yolk  and  of  fluid 
derived  by  absorption  from  the  contents  of  the  uterus.  The  smaller 
cells  continue  to  multiply  and  arrange  themselves  as  a  lining  tu  the 
sphere  already  formed,  so  that  in  a  short  time  it  becomes  double, 
and  we  have  already  dificrentiatcd  two  of  the  primary  embryonic 
layers — the  epiblasl,  or  superficial,  and  the  hypoblast,  or  deep  layer. 
The  whole  sphere  is  called  the  blastoderm,  or  the  blastodermic  vesicle. 

While  this  inner  shell  of  hypoblaslic  cells  is  gradually  creeping  on 
to  completion,  there  appears  at  a  part  where  it  is  already  foully 
formed  a  small  opaque  whitish  disc,  the  germinal  area  or  embryonal 
shieid.  This  represents  the  stocks  on  which  the  framework  of  the 
embryo  is  to  be  laid  do^\-n.  The  area  elongates  ;  at  its  posterior 
end  appears  a  thickened  hne.  the  primitive  streak,  soon  furrowed  by 
at  longitudinal  groove,  the  primitive  grooi'e,  that  marks  the  direc- 
tion in  which  the  long  axis  of  the  future  embryo  will  lie,  but  is  not 
its/*lf  a  permanent  line  in  the  building,  and  ultimately  vanishes. 
The  appearance  of  the  primitive  streak  is  the  signal  that  a  rapid 
proliferation  of  the  cells  of  the  germinal  area,  and  especially  of  the 
epiblast.  has  begun  ;  and  this  goes  on  until  a  third  layer  is  formed, 
intermediate  in  ]X)sition  to  the  original  two,  and  therefore  named 
the  mesobiast.  VVliiie  this  is  pushing  its  way  over  the  germinal 
area  and  into  the  rest  of  the  blastodermic  vesicle,  the  epiblast  in 
front  of  the  primitive  streak  rises  up  in  two  lateral  ridges,  enclosing 
between  them  the  medullary  groove.  The  mcdullar\'  groove  is  the 
beginning  of  the  cerebro-spinal  axis  :  its  walls  first  come  to  overhang 
the  furrow,  and  then  to  coalesce  :  and  the  medullary  groove  has  now 
become  the  neural  canal.  Immediately  under  it  the  mesobiast 
forms  a  rod  of  culls,  the  notochord.  winch  is  the  forerunner  of  the 
vertebnil  coUunn  ;  around  this  the  bodies  of  the  vertebrie  are  after- 
wards developed  from  cubical  masses  of  mesoblastic  cells,  arranged 
in  pairs  along  the  notochord.  and  called  the  -protoverfebrie.  The  rest 
of  the  mesobiast.  running  out  on  each  side  from  the  protovertebrjc. 
splits  into  two. layers,  an  upper  or  somatic  layer,  which  unites  with 
the  epiblast.  and  a  lower  or  splanchnic  layer,  which  unites  with  the 
hypoblast.  Between  the  two  layers  is  a  space  called  the  ccelom,  or 
pleuro-iwritoneal  cavity  (Fig.  394). 

Up  to  the  present,  apart  from  the  enclosure  of  the  neural  canal. 
all  this  formative  activity  is  buried  beneath  the  surface  of  the 
blastoderm,  and  has  not  showed  itself  by  any  external  token  ; 
the  embryo  still  appears  as  a  portion  of  the  germinal  area,  and  lies 
in  its  plane.  But  now  a  |>ockct.  or  crease,  or  moat,  beginning  at 
the  head  as  the  head-fold,  then  pushing  under  the  tail,  gradually 
creeps  round  and  undermines  the  whole  embryo,  which  is  raised 
above  the  general  level,  aiid,  as  it  were,  scoojxid  out  from  the  rest 
of  tl\e  blastoderm  ;  till  at  length  it  lies  on  the  latter,  something  Uke 
an  upturned  canoe,  enclosing  a  tube,  complete  in  front  and  bebind. 
but  still  open  in  the  middle,  where  it  communicates  with  the  interior 
of  the  yolfe-vesicle.  Since  this  tube  has  been  formed  by  the  tucking 
io  oi  the  three  ancestral  layers  of  the  blastoderm,  it  follows  that  it 
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is  lined  by  hypoblast,  supported  externally  by  tbe  splanchnic  sheet 
of  mcsoblast.     So  that  now  the  body  consUts  of  a  dorsal  tube  (tiMr^H 
neural  crinal).  essentially  of  epiblabtic  origin,  a  ventral  tube  (tha^f 
ahmentary  canal),  essentially  of  hypoblastic  oripin,  and  bct-wrco^^ 
the  two  a  massive  double  layer  of  mesoblastic  tissue,  which  cun- 
Iribotcs  supporting  elements  to  both.     At  this  point  tt  may  be  well 
to  emphasize  the  fact  that  this  erabrv-ological   distinction    of    the 
three  primitive  layers  has  a  deep  and  fundamental  meaning,  and 
corresponds  to  a  physiological  distinction  that  endures  throughot 
life.     The  hypoblast,   the  lowest   layer  in   position,   may  also 
described  as  tne  lowest  in  the  physiological  hierarchy.     It  fui 
the  epithelial  hning  of  the  alimentary  canal  from  the  beginning 
the  oesophagus  to  near  the  end  of  the  rectum,  as  well  as  the  epithcliui 
of  the  organs  w^hich  arise  from  diverticula  of  the  primitive  inte^in 
— viz.,  the  digestive  glands  with  the  exception  of  tne  sitUvary  gUn« 
the  lungs,  and  the  passages  leading  to  them,  the  th\Toid,  and 
greater  part  of  the  thymus  gland  in  its  primitive  condition  bcf( 
the  lymphoid  tissue  derived  from  the  mesoblist  his  as  yet  groi 
into   it.     According   to   some   authorities,    the    notochord    is 
derived  from  the  hypoblast. 

Upon  the  whole,  it  may  be  said  that  the  tissues  of  h\'pobl 
origin  are  essentially  concerned  in  chemiciil  laboure.  in  the  al 
tion  of  food  material  and  excretion  of  waste  products.     The  mi 
blastic  tissues  arc  essentially  concerned  vn  mechamcal  labour  ;  t! 
are  the  tissues  of  movement  and  of  passive  support.     The  epiblasti 
tissues  are  at  the  top  of  the  pyramid  ;  they  go\xm  the  rest. 

From  the  mesoblast  arise  the  muscles,  the  entire  vasctilar  systct 
with  its  blood-  and  lymph-corpuscles,   the  bones  and  connecti^ 
tissues  :  and  the  WolMan  body  and  its  appendages,  which  are  tl 
predecessors  of  the  genital  glands  and  ducts,  and  o(  the  chief  portioi 
of  the  renal  apparatus. 

The  ejnblast  forms  the  epidermis  and  its  appendages,  the  e]>ithiet 
end-organs  of  the  nerves  of  special  sense,  and  the  n«^rvous  systcca«j 
cercbro-spinal    and    sympathetic.     The    salivary    glands    and 
mucous  lining  of  the  mouth  and  anus  are  developed  from  the  ej 
blast,  which  is  indented  to  meet  the  intestinal  canal  and  gix** 
access  to  the  exterior  at  either  end. 

It  Ls  not  possible  here  to  trace  in  detail  the  development  of  all  the 
organs  of  the  embr\'o.      Its  nutrition  and   met.ibolism   not  only 
distinctly  belong  to  the  physiological  domain,  but,  carried  on  as 
they  are  under  conditions  thiit  seem  so  strange,  and  even  so  bixarre. 
to  one  acquainted  only   with  adult  physiology,  are  calculated 
throw  liglit  on  the  metabolic  processes  of  the  fully -developed  bod] 
And  they  cannot  be  understood  without  reference  to  the  pecuhariti 
of  the  >*ascular  system  in  foetal  hfc.     These  we  shall  according 
describe,  but  for  farther  details  as  to  the  anatomy  of^the  cmbr>o  t! 
student  is  referred  to  some  standard  anatomical  text-book,  such  as 
Quain's  '  .Anatomy.* 

Physiology  of  the  Embryo.  —In  the  first  period  of  its  dcvelo| 
ment  the  ovum,  nestlinij  in  the  pouch  formed  by  the  decidua  serotii 
and  reflexa,  is  fed  simply  by  imbibition  through  the  hoUow 
like  processes  or  vUU  with  which  its  external  layer,  the  zona 
becomes  studded.     Soon  the  heart  appears  as  a  tube  (at  first 
formed  by  cells  belonging  to  the  splanchnic  layer  of  the  mi 
It  begins  to  pul5iate  in  the  chick  as  early  as  the  middle 
second  day,   although  it  as  yet  contains  neither   nerve-celU  m 
fully-formed  muscular  fibres.     In  the  mammal  pulsation  is  late  ii 
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making  its  appearance,  in  man  about  the  beginning  of  the  thir<l 
week.  A  bloodvessel  grog's  out  from  the  anterior  end  of  the  heart 
and  di^^dcs  into  two  pnniitivc  aortic  arches,  from  each  oC  which 
a  vessel  (omphalo-mesentenc  or  vUeiiine  arUwy)  runs  out  in  the 
mcaoblast  covpring  the  umbilical  vesicle,  or  yolk-sac.  The  blood 
is  returned  to  the  heart  by  the  vitelline  veins  courting  in  on  the  waU% 
of  the  vitelline  duct.  In  this  way  the  store  of  nutriment  in  the 
umbilical  vesicle  of  the  chick,  which  is  the  only  solid  or  liquid  food 
it  receives  or  needs  during  the  whole  period  of  development,  is 
tapped,  and  a  re<?ular  chinncl  of  supply  established.  Oxygon  is  at 
the  same  time  absorbed  through  the  porous  shell  :  but  later  On  tliis 
rcspirator\-  function  is  taken  over  by  the  second  or  aUantoi<r  circuH- 
tion.  In  the  mammal  the  circulition  on  the  umbilical  vesicle  is 
of  much  less  consequence,  for  the  quantity'  of  material  left  over 
after  the  formation  of  the  blastoderm  is  exceedingly  small ;  it  it 
only  with  a  few  d^ys'  provision  in  its  haversack  that  the  embryo 
starts  out  on  its  developmental  mirch.  And  the  %-itcllinc  vessel* 
deriving  their  further  supply  of  food  and  oxygen  from  the  tissues 
of  the  mother  in  contact  with  the  ovum,  cease  to  be  of  use  as  aooa 
as  the  second  and  more  perfect  placental  circulation  is  established, 
and  soon  shrivel  up  and  disappear,  as  the  umbilical  vesicle  shrinks. 
The  second  ctwculaiwn  of  the  embryo  is  developed  in  connection 
with  a  remarkable  oflshoot  from  the  hind-gut  called  the  allaniois, 
which,  before  the  hfth  d^y  in  the  chick  and  during  the  second  week 
in  man,  pushes  its  way  out  between  the  somatic  and  splanchnic 
layers  of  the  mcsoblast — t.e.^  in  the  pleuro-pcritoneal  cavity — and 
grovrs  through  the  umbilicus,  carrying  bloodvessels  along  with  it  in 
its  mcsobUstic  lawr.  Still  earUer.  and,  indeed,  while  the  embr>-o 
is  being  separated  ofi  from  and  raised  above  the  level  of  the  rest 
of  the  blastoderm  by  the  deepening  of  the  ditch  around  it,  Iha 
further  banks  of  this  furrow,  formed  of  epiblast  and  somatic  meso- 
blast,  have  nsen  up  on  every  side,  and,  growing  over  the  back  ol 
the  embryo,  have  finally  coalesced  and  enclosed  it  in  a  double- 
walled  pouch  (Fig-  304).  The  superficial  layer  of  the  pouch  is 
called  the  false  amnion  ;  it  soon  blends  with  the  tufted  chorion  or 
common  outer  envelope  of  the  ovum.  The  inner  layer  papists  cj& 
the  trt4e  amnion  ;  3  liquid,  the  amniotic  fluid,  is  secreted  in  the 
cavity  which  it  encloses  ;  and  the  embrvo,  loosely  anchored  for  the 
rest  of  its  intra-uterine  life  by  the  umbilical  cord  alone,  floats  freely 
within  it.  The  amniotic  ftuid  acts  as  a  water-jacket  or  cushion, 
to  break  the  force  of  the  inevitable  shocks  and  jars  transmitted 
from  the  mother  to  the  foetus  and  from  the  foetus  to  the  mother. 

•  The  allantois,  growing  out  at  the  umbihcus,  in  the  manner 
described,  insinuates  itself  between  the  true  and  false  amnion,  and 
soon  blends  with  the  latter.  For  a  time  the  secretion  of  the  primi- 
tive kidneys  continues  to  be  poured  into  the  cavitv  of  the  allantois, 
so  that  it  serves  in  part  as  an  excretory  organ,  wfiile  in  the  bird  it 
also  performs  the  function  of  respiration  :  and  in  the  mammal  both 
food  and  oxygen  are  carried  by  its  vessels  to  the  fcetus  during  the 
greater  part  of  intra-utcrinc  life.  But  later  on  the  outgrowth 
atrophies  and  disappear*,  all  except  its  origin  from  the  alimentary* 
c«tn%l,  which  dilates  and  persists  as  the  urinar>'  bladder,  and  its 
bloodvessels,  which  grow  m  the  form  of  tufts  or  l(X>f>$  into  the 
chorionic  viUi.  The  vessels  are  fed  by  two  umbiUcal  artencs  which 
arise  from  the  hypogastric  arteries  and  run  out  at  the  umbUicus 
on   the   allantois.     The   blood   is   returned   by  an   umbilical   vein, 
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>vliose  further  course  we  shall  have  soon  to  trace.     The  shrivellei 
stalk  of  the  allanlois,  projecting  through  the  umbiUcus,  takes  pail 
with  its  bloodvessels,  in  the  formation  of  the  uinbiUcal  cord,  whicj 
contains  also  the  remains  of  the  yolk-sac  and  is  clothed  extemalli 
by  a  layer  of  the  amnion.     Continuous  wnth  the  umbilical  cord,  an< 
atretchmg  from  thr  umbilicus  to  the  urinar>'  bladder,  is  a  portion  o< 
tlic  allantois  which  is  represented  in  extra-utcrinc  life  by  a   thir 
cord-like  structure^  the*  urachus.     The  vascular  tufts  of  the  chorioi 
which  at  first  cover  the  whole  surface   of    the  ovum  and  suck  ui 
food  and  oxygen  from  decidua  scrotina  and  rcflcxa  aUkc.  disappc; 
^n  the   region   of   the  rcflcxa,  hyjjertrophy  all  over  the  serotuia 
that  is.  where  the  ovum  is  in  actual  contact  with  the  uterine  wall- 
and  this  part  of  the  chorion  is  now  distinguished  as  the  chonoi 

frondosu  nul 
The   giant  \-ilI 
of  the   chorioi 
frondosD 
piish  their  wai 
into  the  ihick^ 
cncd      deciduaj 
scrotina.      an< 
u  1 1  i  ma  tc  I 
(penetrate   intol 
the  threat  cipil- 
lanes  or  sinus<r9l 
of   the   utcnnftl 
mucous     racm*] 
brane.      Al  \X\ 
S3  me   time  th 
tissue     of     tl 
\'iJh  external  tol 
the  vessels  be- 
comes  reduced 
to  a  mere  fill 
so  that,  excc] 
forathinco%-eri 
ing  of  decidi 
ccUs.  the  feel 
vessels   ar< 
bathed  in  m^ 
tcmal      blood.! 
By   this   inter^ 
weaving  of  de- 
c  id  u  a      an 
chorion      froti< 
dosum  is  formed^the  placenta,  which  for  the  rest  of  intra-utei 
acts  as  the  great  respiratory,  ahmentan,'.  and  excretory  organ 
foetus.     The  maternal  blood,  as  it  streiims  tlirough  the  colossal 
laries  of  the  decidua.  gives  up  to  the  fretal  blood  oxygen  and  food  sub- 
stances, and  receives  from  it  carbon  dioxide  and  in  all  probabilirv  urcj. 
It  is  true  tliat  the  blood  in  the  uterine  sinuses  is  not  itself  fully  o.vy^ 
genatcd  ;  it  is  not  bright  red  arterial  blood.     But  it  yet  conl^ii 
more  oxygen  than  the  purest  blood  of  the  foetus,  and  Is,  therctorc^ 
able  to  part  with  some  of  Ihe  surplus  to  the  dark  stream  of  oxygci 
-impoverished  blood  brought  by  the  umbilical  arteries  to  the  pi 
.Thus,  it  has  been  found  that  while  the  blood  of  the  umbilical 
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Amnion. 

A,  cavity  of  true  amnion  ;  F,  F',  folds  about  to  coalesce 
and  complete  the  amniotic  cavity  ;  m,  meaobla^tic  layer  n( 
anmion :  B.  allautofs ;  1,  intestinal  cavity  of  embryo ; 
Y,  yolk'Sac  ;  k,  hypoblastic  layer  :  f,  epiblastic  layer  nf 
cinbr>'0.  The  embryo  is  the  shaded  portion  in  the  middle 
of  the  figure.  E  is  pl.iced  over  the  head  region.  No  attempt 
u  made  to  delineate  its  artiial  form.  The  mesoblast  is 
represented  by  the  interrupted  line. 


of  the  fretus  of  a  sheep  had  47  volumes  per  cent,  of  carbon  dioxide* 
and  only  J'3  of  oxygen,  that  of  the  umbilical  vcms  had  6*3  volumes 
of  oxyfien.  and  only  4'^'5  of  carbon  dioxide  (Kuntz  and  Cohnstein). 
This,  although  far  from  the  level  ot  ordinary  arterial  blood,  is  yet 
the  best  the  foetus  ever  gets  ;  and  by  a  series  of  contrivances  it 
is  assured  that  this  best  should  go  first  to  the  most  important  parts — 
the  liver,  the  heart,  and  the  head— while  the  legs  and  most  of  the 
abdominal  organs  have  to  put  up  with  an  inferior  supply.  Tliis 
is  brought  about  mainly  by  the  existence  of  three  short-cuts  for  the 
blood,  which  disappear  in  the  adult  circulation,  the  ductus  venosus, 
the  ductus  arteriosus,  and  the  foramen  ovale  (Fig.  395). 

The  arrow  U  iri 

the  K'H*"""!*  ftval ' 


Kighl  Aaricle 
Rifht  Ventricle 


I.tiiiK< 
Pulmonary  Artery 

Aorta 

iJutUis  Arlcriowi* 


khrHt'\ 


UnbUioil  Attery 


UmUUicalVetn 


Fig-  395.— Diagram  oi-  Tiit  Silund  Cikcllajios  is  tbi  Fcbtvs. 
The  arrows  show  the  ttirectioo  ol  the  blood-flow. 

The  blood  of  the  umbilical  vein,  rich  in  oxygen  for  (octal  blood, 
passes  partly  through  the  circulation  oi  the  liver,  but  a  part  takes 
the  route  of  the  ductus  venosus,  and  empties  itself  into  the  inferior 
vena  ca\'a.  The  latter  gathers  up  the  more  or  less  vitiated  blood 
from  the  inferior  extremities  and  the  renal  and  hej^atic  veins,  and 
pours  its  mixed  but  still  fairly  oxygenated  contents  into  the  right 
auricle.  By  means  of  the  Eustachian  valve,  the  jet  coming  from 
the  mouth  of  the  inferior  vena  cava  is  directed  into  the  left  auricle 
through  the  foramen  ovale  in  the  intcr-auricular  septum.  There 
it  is  joined  by  the  trickle  ol  blotxi  which  is  creeping  through  the 
uncxpanded  lungs.     The  left  ventricle  propels  its  contents  through 
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the  aorta,  and  thus  a  large  part  ol  this  comparatively  pure  ctt 
second-best  hlood  is  sent  to  the  head  and  upper  extremities.  It 
returns  in  a  vitiated  state  by  the  superior  vena  cava  into  the  right 
auricle,  and  owing  to  the  position  oi  the  Eustachian  \'alve  and  the 
direction  of  the  current,  it  flows  now  not  through  the  foramen  o\'ale, 
bul  into  the  right  ventricle.  Thence  it  is  driven  through  the  pul- 
monary artery-,  but  only  a  small  quantity  of  it  hnds  its  way  through 
the  lungs  ;  the  main  stream  is  short-circuited  through  the  ductus 
arteriosus,  and  mmgles  with  the  contents  of  the  thoracic  aorta 
below  the  origin  of  the  cephalic  and  brachial  vessels. 

Wc  may  now  give  something  more  of  precision  to  the  statements 
that  diflerent  parts  of  the  bf>dv  receive  blood  of  different  quality ; 
and  it  is  possible  roughly  to  divide  the  organs  in  this  respect  into 
four  categories  :  (i)  The  Uver,  which  partakes  both  of  the  oest  and 
the  worst,  the  purified  blood  of  the  umbiUcal  veins  and  the  \'itiatcd 
blood  of  the  intestines  and  spleen  ;  (2)  the  heart,  head,  and  upper 
limbs,  which  receive  the  blood  from  the  inferior  cxtremitie*  and 
kidneys,  mixed  with  the  pure  blood  of  the  venous  duct;  (3^  the 
legs,  trunk,  intestines,  and  kidneys,  which  are  fed  chiefly  by  the 
off-scourings  of  the  ccphahc  end,  mitigated,  however,  by  a  pro- 
portion of  mixed  blood  from  the  inferior  cava  ;  (4)  the  lungs,  which 
receive  only  a  feeble  stream  of  unmixed  venous  blood. 

These  peculiarities  of  the  embryonic  circulation  are  in  obvious 
corresjwndence  with  the  physiological  events  taking  place  in  the 
foetal  body.  The  liver  is  not  only  the  greatest  gland  in  the  cmbnk-o, 
as  it  continues  to  he  in  the  adult,  but  its  activity  seems  to  dwurf 
that  of  all  the  other  glands  put  together,  and  is  in  striking  contrast 
with  the  functional  torpor  of  the  lungs.  From  the  third  month  ol 
intra-uterine  life  the  secretion  of  bile  begins  and  the  intestines 
gradually  fill  with  meconixtm,  of  which  the  principal  constituent  is 
bile.  Accordingly  the  liver  is  most  lavishly  supplied  with  blood, 
while  the  lungs  arc  stinted.  And  since  the  Uver  has,  as  we  have 
already  leamt,  other  and,  in  the  adult  at  least,  even  more  important 
labours  than  excretion,  a  large  portion  of  the  blood  it  receives 
is  of  the  best  quality  :  it  enters  the  gland  comparatively  rich  in 
oxygen,  and  [^sscs  out  comparati\'ely  poor;  while  the  lungs,  which 
ha\'e  to  be  nourished  only  for  their  own  sake,  and  arc  of  no  use 
whatever  till  the  child  is  bom  and  respiration  has  begun,  must  \x 
content  with  the  p>oorest  fare — with  the  crumbs  that  fall  from  the 
table  of  fcetal  nutrition.  The  full-fed  cephalic  end  of  the  embryo 
grows  far  more  rapidly  than  the  half-starved  inferior  extremities, 
and  the  head  of  the  new-bom  child  is  large  in  proportion  to  the  rest 
of  the  body. 

There  are  some  other  points  in  the  physiology'  of  intra-uterine 
life  which  call  for  remark  ;  and.  to  sum  up  m  a  few  words  the  gran"' 
distinction  between  fcetal  and  adult  life,  we  may  say  that  growth 
is  the  keynote  of  the  former,  work  (functional  activity)  of  the  latter. 
Thus,  the  muscles  at  .an  early  period  in  their  development  becom 
the  se^t  of  a  great  accumulation  of  glycogen,  an  accumulation  wlut 
would  entirely  unfit  them  for  the  labours  of  fully-formed  muscl 
but  which  seems  to  be  intimately  connected  with  their  own  growt 
and  i>erhap^  also  with  the  growth  of  other  tissues.     I-ater  on.  whe 
the  muscles  have  been  formed,  their  powers  still  lie  dormant,  bu 
(or   the   infrequent   and   feeble   movements,   generally    regarded 
reflex  but  possibly  to  some  extent  originated  in  the  cerebral  cortex, 
.  which  give  the   ^lother   the  sensation   of   '  quickening.'       But 
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store  of  Klycogen  now  becomes  reduced  to  its  permanent  amount. 
And  the  liver  takes  on  its  glvxof^enic  functioQ.  It  can  hardly  be 
doubted  that  the  glycogen  found  in  the  placenta  (bitch)  is  also 
deposited  there  in  the  interest  of  the  rapidly  Rowing  fcetal  tissues, 
as  a  kind  of  current  account  on  which  they  can  operate  at  any 
moment  of  emergency,  when  the  more  distant  maternal  reser\'es 
cannot  be  drawn  upon  in  time. 

The  excretory  glands  of  the  embr\o,  except  the  hvcr,  scaixely 
awaken  to  actiNnti,-  during  foetal  life,  i'rine  mav  indeed  be  some- 
times found  in  the  bladder  at  birth,  but  it  is  often  absent :  and 
although  a  portion  of  the  amniotic  fluid,  which  contams  traces  ol 
urea  and  salts,  in  addition  to  small  quantities  of  albumin,  may  be 
secreted  bv  the  renal  tubules,  and  nnd  its  way  through  the  still 
open  urachus  into  the  amniotic  sac.  this  contribution  cannot  imply 
more  than  a  \-er\'  slight  dt^^ec  of  glandular  action.  The  experi- 
ments of  Kunt2,  indeed,  go  far  to  show  that  this  liqmd  comes 
essentially  from  the  mother  rather  than  from  the  child.  He  found 
that  sulphindigotate  of  sodium  injected  into  the  bl<vKlvcsscb  of  a 
pregnant  animal  (sheep)  coloured  the  amniotic  fluid  and  the 
placental  tissues,  bat  not  the  foetus  :  wlule  after  injection  Into  the 
latter  the  foetal  kidne^-s  contained  particle*  of  the  pigment,  while 
the  amniotic  f!uid  remained  uncoioured.  The  sebaceous  glands 
have  certainly  begun  their  work  by  the  secretion  of  the  vernix 
caseosa,  an  oily  material  which  covers  the  skin  and  !»cr\-es  to  protect 
it  from  the  continual  irritation  of  the  fluid  in  which  the  embryo 
flatts. 

The  nervous  s\-stcm  is  e%^en  less  active  than  the  glandular  tissues, 
and  not  more  active  than  the  muscles.  There  is  e\ndcntly  no  scope 
for  the  exercise  of  the  special  senses.  Psychical  acti\*itv  of  ever\' 
kind  must  be  at  its  lowest  ebb.  Consciou5ness,  if  it  exists  at  all, 
must  be  dull  and  mufRed  And  if  motor  impulses  are  discharged 
from  the  cortex,  the  psychical  accompamments  of  such  discharge  are 
doubtless  widely  different  from  those  which  we  associate  with 
voluntary-  effort. 

Thi<;  functional  calm,  broken  only  by  the  beat  of  the  heart,  is 
accompanied  by  a  relatively  feeble  metabolism.  The  amount  of 
oxygen  earned  to  the  tissues  of  an  embr\-o  sheep  weighing  yfy  kilos, 
by  the  blood  of  the  umbilical  vein,  was  only  1*7  c.c.  per  minute  ; 
2*8  c.c.  of  carbon  dioxide  per  minute  was  given  up  to  the  blood  of  the 
mother  in  the  placenta  fKuntz  and  Cohnstein).  The  gaseous 
exchange  was.  therefore,  not  one-tenth  as  much  as  in  the  adult  sheep. 
In  fact,  the  heat -production  of  the  fcetus.  sheltered  as  it  is  from  loss 
except  by  the  placental  circulation.  Ls  onlv  sufficient  to  raise  its 
temjierature  by  a  small  fraction  of  a  degree  above  that  of  the  mother. 
.\nd  It  is  not  ^fficult  to  see  that  a  large  portion  of  this  production 
must  be  due  to  the  action  of  the  heart.  This  beats  at  the  rate  of 
about  140  times  a  minute  at  full  term.*     The  blood- pressure  in  the 

*  It  has  not  been  fiuaily  determined  whether  the  rate  of  the  heart 
varies  with  the  size,  or  what  proljably  comes  to  the  same  thing,  with  the 
sex  ol  the  ffrtus.  .\s  we  have  seen,  the  variation  of  the  rate  in  the  adolt 
with  tlic  siie  of  the  body  is  asM>ciated  with  a  correspoodmg  variation  in 
the  raetaljolum  and  heat-Loss,  which  are  proportionally  greater  in  a  small 
than  in  a  large  aiiinial.  \i  this  is  a  causal  connection  we  sliould  not 
expect  tliat  in  the  embryo  tn  uteto.  where  the  conditions  as  regards  boat- 
loss  are  entirely  different,  such  a  relation  should  exist,  at  any  rate  within 
tb*  same  species. 
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umbilical  artery  o£  the  mature  embr^-o  (sheep)  varies  from  fio  U>\ 
80  mni.  of  mercury  ;  but  at  the  beginning  of  the  aorta  it  will  bo 
more.  The  pressure  in  the  pulmonary  trunk  must  be  about  equal 
to  that  in  the  aorta,  since  the  comparatively  short  and  easy  circuit 
through  the  lungs  docs  not  as  yet  exist  ;  and  m  accordance  with 
this  equality  of  pressure  (of  work  to  be  done)  is  the  equality  of 
thickness  (of  working  power)  in  the  walls  of  the  two  side*  of  the  I 
heart.  I 

Suppose,  now,  that  the  embryo  contains  1^  grammes  of  blood  lor 
every  kilo  of  body-weight,  and  that  the  whole  of  the  blood  passe* 
through  the  circulation  in  twenty  seconds.     Then  in   twenty-four 
hours  2^t)'2  kilos  of  blood  will  be  forced  through  the  heart  for  every 
kilo  of  body-weight  against  a  pressure  of,  say,  Ko  mm.  of  mercury, 
or  1  metre  of  blood.     This  is  equivalent,  in  round  numbers,  to  260  < 
kilocramme-metres  of  work,  or  600  small  calories.     Now,  taking  thcj 
total  heat-production  of  the  he:Hrt  at  three  times  the  equivalent  ofl 
Its  mechanical  work,  we  get  1.800  calories  |>er  kilo  of  bony-weight  m 
twenty-four  hours  (see  p.  508).  or  about  J^  of  the  heat-production  1 
of  a  resting  adult.  '  | 

So  low  is  the  intensity  of  metabolism  in  the  embryo,  so  slight  thc'| 
demand  for  oxygen,  that  not  only  is  even  the  purest  blood,  as  has  1 
already   been   stated,   far  from   saturated   with   that   gas,   but   the  i 
relative  proportion  of  haemoglobin,  the  oxygen-carrier,  is  less  than 
in  the  adult  :  and  although  constantly  increasing  in  amount  from 
the  moment  of  its  first  appearance,  it  is  still  somewhat  deficient, 
even  at  full  term,  but  It-aps  sharply  up  at  birth.     .\t  an  early  periixi 
of  development  the  embryo  also  contains  much  more  water  tlian  the 
adult  ;  the  specific  gravity  of  its  tissues  increases  as  development 
goes  on. 

The  remarkable  \-itality  of  the  fcetus,  and  its  re:sistance  to 
asphyxia,  are  related  to  the  feebleness  of  its  metabolism  and  to  tlie 
comparatively  slight  excitability  of  nervous  centres  like  the  respiXH* 
tory,  vaso-motor,  and  cardio-inhibitor\'.  Even  when  totally  dcpn\x*d 
of  oxygen,  as  by  pressure  on  the  umbilical  cord  during  delivery,  the 
child  does  not  perish  in  the  two  or  three  minutes  wluch  decide  the 
fate  of  the  asphvxiated  adult  ;  nor  are  the  convulsions,  rise  of  blood- 
pressure,  and  slowing  of  the  heart-beat,  associated  with  asphyxia 
m  the  latter,  so  readily  induced,  nor  premature  and  fatal  efforts  at 
respiration  easily  excited  ht  utero.  But  although  in  such  a  case  the 
embr\^o  behaves  as  a  separate  organism,  governed  by  its  own  Uws, 
there  arc  circumstances  in  which  it  becomes  merely  a  part  of  the 
mother  and  jiarticipates  in  her  fate.  Thus,  the  stream  of  oxygen 
which  normally  passes  from  the  maternal  to  the  fa-tal  bU>od  is  turned 
back  if  asphyxia  threatens  the  mother  :  the  blood  of  the  umbihc:  I 
arteries,  instead  of  being  purified  in  the  placenta,  loses  the  bttle 
oxygen  it  holds  to  the  blood  of  the  uterine  sinuses,  and  the  sluicgish 
tissues  of  the  embrAo  are  impoverished  to  feed  the  more  active 
metabolism  of  the  maternal  organs.  In  the  same  wav,  the  pheni»- 
mena  of  starvation  have  taught  us  that  the  nutrition  o^thc  organism 
is  not  subject  to  the  rules  of  red  tape.  In  normal  circumstances  the 
flow  of  nutriment  follows  dc6nite  lines  :  the  blotid  feeds  the  tissue* 
through  its  intcnncdiar>',  the  lymph,  and  recoups  itself  from  the 
contents  of  the  alimentary  canal.  But  when  the  normal  source. 
of  nutrient  material  fail,  the  body  falls  back  upon  its  stores.  *!*hir 
organs  immediately  necessar\-  to  life  are  kept,  as  far  as 
on  full  diet  ;  organs  of  secondary  importance  have  to  be  • 
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At  birth,  great  dUA^es  take  place  m  the  ormbHnM,  and  these 
&re  intiinatch-  connected  -«itk  tke  cammeaotmeak  d  the  respizatory 
activity  of  the  lon^  The  rinf  i  of  tkt  fint  respantsoo.  are: 
(t)  The  incrcaainc  vtauakty  <d  the  Mood  circvlatiD^  in  the  bcdb. 
which  stimulates  the  lespiiatory  oentxe  when  the  wihiMral  cord  has 
been  cut  or  tied  and  the  placental  cimlaxioa  thus  interfered  with  ; 
(2)  the  stimulation  of  the  slao  by  the  a^.  wbicfti.  as  w«  have  »cn, 
acts  refiexly  upon  the  Rspntonr  oeatn.  That  both  of  these  factors 
may  be  involved  is  shown  by  the  £Kt  that  cither  compreasioo  of  the 
umbilical  cord  alone,  or  exposure  o<  the  Icctas  by  opaun^  the  oteros 
of  an  animal  without  intericrcoce  with  the  cucolatioo.  has  hccn 
observed  to  be  foUowed  by  attempts  at  breathing.  Ooce  distended, 
the  Um^  never  again  complet^  colbyn — not  even  alter  death, 
nor  when  the  chest  is  opened,  liie  aspiration  caosed  by  the  eleva- 
tion of  the  chcst-waSb  in  inspiration  (for  the  respiration  xA  the  new- 
born child  is  mainly  costal)  socks  blood  into  the  dM)rax,  and  expands 
the  vessels  of  the  lungs  for  its  letwil  Jon  ;  and  in  the  measore  in  which 
the  blood  passing  through  the  pumottary  trunk  finds  an  easy  way 
through  the  lungs,  the  quantity  which  t^ces  the  route  of  the  ductus 
arteriosus  diminishes.  The  puimonajy  veins*  and  consequently  the 
left  auricle,  are  better  hlKca;  and  the  increasing  pressure  on  this 
side  of  the  septum  tends  to  oppose  the  passage  of  the  blood  through 
the  foramen  ovale,  to  approximate  its  ^*alve,  and  to  close  its  orifice. 

By  the  second  or  third  dav  the  ductus  arteriosus  has  usually 
become  obliterated.  The  umbilical  arteries  and  veins  and  the  ductus 
venosu*;  become  impcrx-ious  soon  after  the  interruption  of  the 
placental  arculation.  The  vein  and  v-cnous  duct  remain  in  the 
adult  as  the  round  hgament  of  the  hver.  the  artencs  as  the 
lateral  Ugaments  of  the  bladder. 

Although  from  birth  onwards  the  young  mammal  obtains  its 
oxygen  and  gets  rid  of  its  carb(jn  dioxide  through  its  ou-n  pulmonary 
sur^ce  instead  of  through  the  placenta,  it  still  lives,  as  regards  it's 
food  proper,  on  the  tissues  of  the  mother,  and  that  in  as  hteral  a 
sense  as  when  it  drcn'  its  snppilies  directly  from  the  mate-mal  blood. 

Milk. — The  first  milk  of  each  lactation,  the  colostrum,  as  it  is 
called,  indeed  represents  mainly  the  fragments  of  cells  lining  the 
alveoli  of  the  mammarv-  glands,  which  have  undergone  a  fatty 
change  and  been  bodily  broken  down.  In  addition  to  the  fat, 
which  when  milk  is  allowed  to  stand  rises  to  the  top  as  cream, 
milk  contains  a  considerable  quantity  of  caseinogen,  to  whose 
coagulation,  under  the  mfluence  of  the  lactic  acid  produced  from 
the  lactose,  or  milk-sugar,  by  certain  bacteria,  spontaneous  curdling 
is  due.  Another  proteid,  lact- albumin  (HalUburton),  a  large 
amount  of  water,  and  some  inorganic  salts,  arc  the  most  im- 
portant of  its  remaining  constituents.  The  molecular  coocentni- 
tion  (p.  352)  of  milk,  as  measured  by  its  frecting-iKrint,  is  almost 
exactly  the  same  as  that  of  blood-serum.  Its  cleciricAl  conducti\it>' 
varies  extremely,  smce  it  depends  on  the  quantity  of  fat  present, 
the  fat  globules,  like  the  blood -corpuscles,  being  practically  non- 
conductors. 

As  to  the  manner  in  which  milk  is  secrctetl,  their  is  no  doubt 
that  its  chief  constituents  are  formed  in  the  gUuid-cells.  Ovscinogon 
and  lactose  do  not  exist  in  the  blood  or  lymph.  The  former  is 
probably  produced   by  an  alteration  in  one  or  other  of  the  scnim 
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proteids,  the  latter  by  a  change  in  the  dextrose  of  the  blood.  Tho 
fat  of  the  milk  may  come  partly  from  the  fat  of  the  blood,  but  it 
may  also  be  formed  in  the  gland-cells  from  proteads,  and  possibly 
from  carbo-hydrates.  The  precise  manner  in  which  the  fat  globules 
are  extruded  from  the  cells  into  the  lumen  of  the  alveoli  is  not  clear, 
but  there  is  no  good  ground  for  believing  that  the  cells  or  their  free 
ends  break  up  bodily  in  the  process. 

Little  is  known  as  to  the  influence  of  the  nervous  system  on  the 
secretion  of  milk,  and  no  deflnite  secretory  fibres  have  as  yet  been 
clearly  demonstrated,  although  the  fact  that  marked  changes  may 
be  produced  in  the  milk  of  nursing  women  as  the  result  of  emotional 
disturbances  indicates  that  such  nerves  do  exist. 

Pregnancy  is  accompanied  i^ith  vascular  dilatation  and  hyper- 
trophy of  the  mammary  glands,  but  the  mechanism  by  which  these 
changes  are  produced  is  unknown.  It  is  possible  that  they  depend 
upon  some  internal  secretion  of  the  ovary  or  some  other  of  the 
organs  of  reproduction.  Precisely  similar  phenomena  are  occasion- 
ally seen  in  animals  which  have  not  been  impregnated  and  even  in 
men.  Humboldt  relates  the  case  of  an  Indian  lather,  who  so  weU 
understood  the  responsibilities  of  paternity,  and  was  so  capable 
of  fulfilling  them,  that  he  suckled  his  child  for  five  months  on  tho 
death  of  the  mother. 
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COMPARISON  OF  METRICAL  \MTH  ENGLISH  MEASURES. 


Measures  of  Length. 

1  milUmeUe  =0*03937  inch. 
I  centimetre =o'3937 1 
I  decimetre   =3*93708  inches- 
I  metre         =39'37079     .» 

I  inch  =25*3995  millimetres. 

Measures  of  Weight. 

I  gramme  »  i  $'432349  grains. 

I  kilogramme   —2*2046213  pounds. 

I  ounce  =28*5495  grammes. 

I  pound  a4§3*5926  grammes. 

Measures  of  Voiume, 

I  cubic  centimetre=o*o6io27  cubic  inch. 

I  litre  (1,000  cubic  centimetres)  =  6t*037052  cubic  inches. 

=  1 760773  English  or  2*1 1 
American  pints. 

=o*2200f;668  gallon. 

1  cubic  inch  =  16*3861759  cubic  centimetres. 

I  cubic  foot  =  28*3 1 531 10  cubic  decimetres  (or  litres). 

I  pint  =0*567932  litres. 

I  gallon  =4*5434579  Utres. 
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Measures  of  Work. 

1  kilogrammetre       =about  7*24  foot-pounds. 

1  foot-pound  =0*1381  kilogrammetre. 

1  kilocaloric  of  heat=427  kilogrammetrcs  of  work. 

Temperature  Scales. — To  convert  degrees  Fahrenheit  into  degrees 
Centigrade,  subtract  32.  and  multiply  the  remainder  by  {.  To 
convert  degrees  C.  into  degrees  F.,  multiply  by  jj,  and  add  32  to  the 
result. 
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•,•  Rtftrtnui  to  the  PracH<ai  ExtrHsn  art  in  htatk  figurei. 


Abdouinal  breathing,  lyi 
Abducens  or  sixth  nerve.  733 
Ab«rTAtiun,  chrom^tii:,  (*oo,  868 

spherical.  799.  868 
Abvorption  of  light.  785 

frnm  the  {acritnoeal  cavity,  359 
from  the  stoioacb,  357.  3^9.  380 
of  cane-sugar,  359,  367.  380 
of  carbii-hydrate*.  367 
of  fat.  364.379 
of  proteids.  368 
of  the  food.  353 

physical  inlrtKluction  to,  35a 
theatric*  ol.  357-359 
ot  water  and  salts,  36!! 
Accelerator  nerves  u(  heart,  131 
Accessory  nucleus,  724 
Accommodation.  741.  l^^S 

roechanism  of,  793 
Acerebral  tonus.  73S 
Aceto-acetic  acid  in  diabete*.  455 
Acetone  in  urine.  433 

in  diabetes,  435 
Add  albumin.  5,  3S7,  375 
Acidity  of  gastric  juice.  286.  33J 
Actiiin  curr«it9.  631.  632-639.  652,  653 
dipba&ic,  635 
electromotive  force  of.  636 
in  pcdorixed  nerves.  643 
of  eye,  648 
of  glands,  647 
of  heart.  645.  653 
of  human  uiuscles,  637 
of  phrenic  nerves,  637 
of  spinal  cord.  646.  658,  702 
reflex.  663 
theories  of,  638 
Adauikjewicz^s  reactioD.  4 
Adaptation  of  digestive  juices  to  fcx>d, 

3J7.  332.  336.  341 
Adcmn,  386 

Adequate  stimuli,  763.  770 
Adrenalin.  49J.  180 
jjycosuria,  457 
Aero  tonometer,  336 


Afferent  impulses,  decussation  of,  70t 

paths  ul,  700,  703 
Aftfr-tmage*.  832,  873 
Agglutination,  22,  53 
Agraphia,  73h 
Albuiniii.  reactioosof,  5 

in  nirme.  388,  394r  393.  405.  4**» 
436 
Albtuiitnate&,  ur  derived  albiiiiiHi>,  5 
Albuminous  glands.  2H1 
AlbumosGs,  action  of,  on  blood-pres- 
sure. 140,  179 
on  coagulation.  27.  33.  47 
tests  fur,  5,  375 
in  urine.  428 
Aloiihnl.     artini)     of,     on     respiratory 
centre,  155,  208 
un  gastric  secretion,  34a 
in  diet.  483 
Alexins.  45 

Alimcatary  canal,  anatomy  of,  264 
length  of,  264 
glycosuria,  452.  530 
Alkali-idbuuiin,  6,  ai>3,  377 
Allantois,  formation  ul,  883 
Alloxuric  bodies.  386.  443 
Amblyopia  after  occipital  l.-slo-i.^so 
Amboceptors,  21 
Amnion,  883 

Ama'boid  raovrment,  13,  547 
Amp  re.  537 
Amyl  niinte.  action  ou  the  pulse,  83. 

172 
Amylolylic  stage  of  gastric  digestion, 

390,  284.  344 
Amylopsin,  29a,  377 

inBuence  of  bile  on,  302 
Anabolic  changes  \\\  living  matter.  3 
Anacrotic  pulse.  83 
An»sthesia  by  A.C.E.  mixture.  46 
by  chloral.  177 
by  morphia.  46,  165 
by  prcssvu-e  on  brain.  767 
Aneleclrotonus,  599 
Angular  g^rus  and  vision.  75° 
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Animal  heat,  496 

Anions,  354 

Ankle*cloaus,  707 

Annulus  of  Vieussens.  131,  145,  169 

Anterior  horn,  ceUs  of,  674 

connections  of.  685 
Antero-lateral  ascending  tract,  676,  683 

descending  tract,  676,  686 

ground  bundle,  676 
Antifennents,  318 
Antipyretics,  519 
Antiseptics  for  operations,  180 
Antrum  pylori,  371 
Aorta,  effect  of  c(»npres$ion  of,  168 
Apex-beat,  70,  X71 
Aphasia,  motor,  755 

sensory,  757 

temporar>%  756 
Apncea.  205 
Apomorphine  as  an  emetic,  279.  376. 

380 
Arcuate  fibres,  external,  684 

internal,  683 
Arginine,  292,  442 
Argyll -Robertson  pupil,  796 
Artery,  to  insert  cannula  into,  46 
Articulation,  positions  of,  251 
Ascending  degeneration,  676 
Aspartic  acid,  292 
Asphyxia,  205 

effect  of,  on  circulation,  153,  169, 

in  the  foetus,  888  [177 

Association  fibres,  673,  69a.  755 

centres,  755 
Astatic  s>'stem  of  magnets,  539 
Astigmatism,  irregular,  801 

regular,  804,  866  I 

Atelectasis,  19b  ■ 

Atropia.  action  of,  on  heart,  133,  163      i 

on  digestive  secretions,  342        ' 

on  pupil.  798  I 

on  salivary  secretion,  120,  374    I 

Attraction  sphere,  2,  878 

in  nerve-cells,  661 
Auditory  centre,  751  | 

nerve.  724 

vestibular  branch  of,  691 

ossicles,  843,  847 
Aucrbach's  plexus,  27,1,  265  1 

Augmentation  of  heart-beat,  128,   131, 
164 

jirimary,  128,  130 

secondary,  128,  131 
Aura.  757 

Auriculo- ventricular    junction,    stimu- 
lation of,  133.  163 
Auto-difjestion  of  stomach,  316,  381 
Auli>lysis,  447 
Automatic  actions  '^if  spinal  cord,  712-    1 

715 
Avaliuuhr  theory,  598 


Bacteria  in  intestine,  348.  351 

Bactericidal   action  of    gastric    juice, 
290  i 

Basal  ganglia,  728 

Batteries,  162 

Beats.  875 

Beaum(»it  on  digestion,  385 

Beckmann's  apparatus,  353 

Bellows  recorder,  358 

Bell's  experiments  on  nerve-roots.  697 

Benzoic  acid,  387,  446 

Bert  on  double  oooductioo  in  nerves, 
605 
on  effects  of  oxygen  at  higb  pres- 
sure, 243 

Bichromate  cell,  162 

Bidder's  ganglia.  X14 

BUe,  294-300,  37« 
acids,  296.  378 
Hay's  test  for,  378.  432 

formation  of.  313 
composition  of,  295 
curve  of  secretioa  of,  339 
in  emulsificati<m  of  fats,  397 
influence  of  nerves  on  secretioa  o^ 

338 
mucin,  295,  378 
pigments,  295,  350,  379 

relation  of,  to  spleen,  495 
reactions  of,  378 
salts,  decompodtioQ  of,  396 
secretory  pressure  of,  341 
spectrum  of,  398 
Bipolar  gangUon  ceUs,  664 
Biuret  reaction,  4,  375 
Blastoderm,  881 
Blind  spot,  830,  868 
Blood,  coagulation  of,  23.  46 
composition  of.  34 
conductivity  of,"  19,  50 
distribution  of.  41 
functions  of,  43 
gases  of,  222 

in  emybro.  887 
guaiacum  test  for,  58 
laking  of.  21.  52 
opacity  of.  21.  52 
quantity  of,  40.  41 

in  lungs,  186 
reaction  of,  18,  45 
specific  gravity  of,  19,  46 
stains,  examination  of,  22,  60 
sugar  in,  34,  405,  448.  454 
velocity  of,  94-104 
in  arteries,  102 
in  capillaries,  66,  105 
in  veins,  107 
volume  of  corpuscles  and  plasma. 

20 
why  it  docs  not  clot  in  the  vessels, 
32 
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■ 

Blood-rorpusclfs.  11 

Calcium    salts    and    bone    formation.            ^M 

■ 

composition  of.  35 

^^B 

crcnatiuh  of,  la 

in  bone,  463                                       ^^^^H 

H 

cnumcraiiun  of,  14,  49 

Calorie,  definition  of.  498                           ^^^1 

■ 

lif«*bbtory  of,  13 

Calorimeter,  air,  500                                      ^^^^| 

■ 

o&motic  resistance  of,  35 

respiration.  303                                   ^^^H 

Blood -pi  ales,  14 

Atwater's.  499                                 ^^^| 

in  coagulation,  28 

Calnrimetry,  497                                              ^^^H 

^m 

Blood-pressure,  nican  arterial,  90-94 

Cane-sug;ir,    absorption    of,    367,    370.       ^^^H 

■ 

curve*,  with  elastic  manometer*,  88 

3S0                                                                 ■ 

■ 

vriih    inercuritl     raanomeier, 

inversion  of,  7.  301,  380                     ^^^H 

■ 

90.  174 

Cannula,  three-way,   175                               ^^^H 

K 

(all  of,  in  sleep,  768 

to  put  into  artery.  46                            ^^^^| 

■ 

^K    measurement  uf,  87,  174 

trachea.   166                                    ^^^| 

■ 

^B    effect  of  ha>morrhage  on,  155,  178 

vein.  178                                          ^^^H 

^B           of  extract*  of  bone  marrow 

gastn'c,  376                                             ^^^M 

1 

H                         -49S 

Capillaries,  structure  of,  62                         ^^^^| 

■ 

^H          of  kidney  on,  483 

circulation  in.  104                                ^^^H 

■ 

^H           tif  nervous  tbsue  on,  495 

Capillary  el  ctrometer,  541,  543.  653                 ^| 

■ 

^H           nf  peptone  on,  140,  179 

tubes,  flow  of  liquid  through.  64                   1 

■ 

^V            nf  pituitary  body  un.  4q4 

Carbo-hydrates,  compositiou  of.  i 

■ 

^H            of  suprarenal  nn.  41)1.  180 

m  urine.  388 

■ 

^H           of  testicle  on.  487 

metab'jtism  of.  448-457 

■ 

^H           of  thymus  on,  482 

reactions  of,  7 

■ 

^"^          of  ihyriftd  on,  490 

Carbon  dioxide,  action  of,  on   respir- 

■ 

in  capillarity.  105 

atory  centre,  215 

■ 

in  right  and  left  ventricles,  73.  ii3 

estimation  of.  212,  359.  361 

■ 

respiratory  variations  in,  a35-a4i 

formation   of,    from   proteids, 

■ 

Blood-pomp,  221 

447 

Bloodvessels,  structure  of.  6a 

in  blond,  asz,  234 

Bohr,  on  tension  of  blood-gases,  227 

in  fcelal  blood,  886 

Bone-fxces,  381 

in  rig«.ir  mnrtis.  333 

Bone^inarruw  and  bU>ixl- formation,  16 

in  serum,  225 

action  of  extracts  of.  495 

production    of.    in    muscular 

1 

Bones,  cunipositiuii  of,  463 

work,  314 

c0ert  of  deficiency  of  lime  salts 

in  different  animals.  317 

on.  475 

Carbon  equilibrium,  472 

eflect  of  various  salts  on,  475 

Carbonic  oxide  h^mogkkbin,  38.  57 

^ 

Brain,  anaemia  of,  in  sleep.  768 

Cardiac  cycle.  66.  77 

■ 

circula(»*in  in,  771 

changes  in  endo-cardiac  pres- 

m 

functions  of,  727-765 

sure,  during,  77 

■ 

development  of,  658 

inipulst--.  70,  171 

■ 

in  sleep,  767                                  [240 

sound    (Chauveau    and    Marey's), 

■ 

respiratory  cbanmrs  in  volume  of. 

76 

■ 

size  of.  and  intciliKenre,  770 

Cardiograph.  70,  tyt 

Bread,  chemistry  of.  532 

Cutalysers,  279 

Break -contraction,  Tigerstedt's  theory 

Cathctertsra,  539 

■ 

of.  641 

Cells,  structure  of.  i 

Bronchi,  186 

Central  canal  of  cord,  659,  6^6 

nerves  of,  209 

Central  nervous  system,  development 

Bronchial  breathing,  193 

of.  658 

Brunncr's  glands,  301,  303 

functions  of,  694 

*  Bufly  '  coat,  2^ 

Kenera]  arrangement  of,  671 

Burdach's     column.         See     Postero- 

histology of,  660-670 

median  column 

localization    of    function    in. 

Burdun-Sandersoa  00  negative  varia- 

760 

tion,  633-636 

grey  axis.  671 

■ 

Centre  of  gravity  of  bf»dy,  738 

Caittoo  disease.  343 

Centres  of  cord  and  bulb,  715 

Caldura.  inBuence  of.  on  coagulation, 

cardio-inhibilory     and     aug- 

1 

36,  46 

mentor,  136 
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^^H               Centres,  beat-.  517,  519 
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^^^^^                         motor,  of  cortex,  743-749  |J 

temperature,  to  determine.  5          ^1 

^^^^^                      jnittica],  73a 
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^^^^f                       lensory.  of  cortex.  730-753 

Cochlea.  844,  846                                       ^H 

^^^^^                           vaso-motnr,  148,  149 

Cochlear  root  of  eighth  nerve.  7x4.  ^43^1 

^^H               Centrifuge.  48 
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^^^H                 Centrnsrime,  2 
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^^H                       in  nerve-cells.  661 

708                    ^m 

^^H                       in  the  ovum,  879 
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^^H                Cerebellum,  connections  of.  690 
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^^H                         with  auditory  nerve,  691.  734 
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^^H                        functions  of.  730-733 

Colour,  body-  and  surface-.  78$             ^^M 

^^H                       s    L'cture  of.  730,  731 
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^^V                 Cerebral  vrsirlr«.  660 

trmporary.  838                 ^^^^^M 

^^H                  Cere bro -spinal  fluid,  670.  773 

872                     ^^^^1 

^^H                  Cerebrum,  excision  of,  739,  776 
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^^M                Chalk  stones.  393 
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^^H                  Cheese,  chemistry  of.  531 

Henng's  tbeury  of,  834           ^H 

^^H                Cheyne-Stokcs  respiration,  210 

Young -Hclmholtx  theory  of^H 

^^H                 Chiasm;!.  71Q.  75o 

830                                        ^^M 

^^H                 Chloral.  an.-F<ithMia  by.  177,  l8a 

Coloured  <thadiivrs.  B34                                 ^^H 

^^H                Chlorides,  estimation  of,  430 

Colours,  complementary.  828,  872        ^H 

^^B                 Chloroform,  action  of,  on  respiratory 
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^^H                                    centre,  207 

Coma,  congestion  of  brain  m.  767          ^H 

^^1                                on  vaso-motor  centre,  154. 
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^M                        X77, 208 

Comma  tract.  b^H                          ^^^^^M 

^H                 Cholagogues.  343 

Commisural  6brr».  673                    ^^^^H 

^^M                  Chulesterin,  39;,  2o7.  379 

Commutator,  Hohrs,  545                  ^^^^H 

^H                 Chorda,  tympani,  319.  324.  373 
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^^B                                   hypothetical  fibres  in,  324 

Com|icii(atory  pulse  of  heart,  12)          ^^M 

^H                                 antagonism    of    sympathetic 
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^H                                     with,  J22.  373 

Coinplemeutal  air,  iq6,  259                    ^H 

^H                   Chordae  ttndinx.  bi 

Complementary  rtilours.  628.  87a          ^H 

^H                  Choroidal  epithelium,  7ti8,  830,  833 

Condensed   air,    eflci-ts   of    tireatUiagf^^^ 
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^^H                  Chromatic  aberration.  800.  868 
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^^H                  Chromatin.  2 
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Conductivity,  molecular,  333                ^H 
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of  nerve,  effect  of  temperature  on. 
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^^H                          nerves,  795,  79'< 
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^^^^              Clarke's  ctjlumn,  674 
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^^^^H        Coagulation  of  blood,  23,  46 

motor  areas  of,  743                 ^H 
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Diabetes.  393.  454.  485                                  ^^^B 

Coug:lung,  310 
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Cranial  condtictum  of  sound,  848,  875 
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nerves,  716-727 
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homologies  of,  716 

sugar-destroying    power    of    blood               ^H 
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Cross*circulation  through  brain,  206 

Dia|iedesis,           158                                        ^^^^1 

Crossed  p>Tanudal  tract.  677 
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coonections  of,  685 
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Crura  cerebri,  679 

Dicrotic  wave,  80                                                       ^| 

Crusta,  679 

Dietaries,  standard,  476-480                                   ^* 

Cuneat^  hmiculus.  63o 

Dietetics,  4714-484 

Qudeus.  681.  683 

Differential  rheotome.  636 

reUtiua  of,  to  6Uet.  683 

Diffusion.  352 

Cuneus  and  vision,  730 
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Ha;matoporphyrin,  39,  58 

in  urine,  388 
Hjemautographic  tracing,  8x 
Hdemin,  39 

test  for  blood,  60 
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Heat  rigor.  591,  629 

units.  49S 
Heidenhain's     experiments     on     renal 

secretion,  402 
Heller's  test  for  albumin,  427 
Helmholtz's  wire,  544 
Hemiana^thesia,  capsular,  69^ 
Heinianopia.  720.  750 

nasal,  720 
Hemiplegia    after    removal    of    motor 
cortex.  746 

and  motor  aphasia.  756 

cutaneous  reflexes  in,  705 
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Kyno^ap^St 

^^^  lotcstisaJ  jucc.  yw,  341 

^^K                  adjf>catto«  of.  to  food,  341 

Labyrinth  of  cnr.  733.  S41.  Mf 

^^L uUltieace  nl  •cr«i  00.  >4i 

rxtirpatxm  ol,  7)4.^1 

^^ 
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Lactic  acid,  action  of,  on  bloodvessels,    I 

145 
in  gastric  juice,  286,  345  ; 

in  intestine,  347 
in  muscle.  586,  587,  591.  629     1 
Ueffelmann's  test  for,  377 
Lalcing  of  blood,  21,  52 
Langley's    experiments    on    union    of   : 

vagus  and  cervical  sympathetic,  611 
Lar}'Dg05Cope,  249 
Larynx,  anatomy  of,  245 

abductors  and  adductors  of.  245, 

246,  254 
nerves  of,  253,  254 
paralysis  of,  255 
Lateral  nucleus  of  bulb,  683 
Lavoisier  and  carbon  dioxide,  211 
Law  of  contraction,  601,  655 
Lecithin  in  bile,  297 
Leclanche  cell,  162,  535 
Lens  radii  of  curvature  of,  789 

alteration  of,  in  accommodation,    ' 
792 
Lenses,  refraction  by,  783.  784  ' 

Leucin  ^ad  tjTosin  formed,  in  tryptic 
digestion,  292,  378  < 

in  urinary  sediments,  395,  396 
Leucocytes,  12 

and  absorption  of  fat,  366 

of  peptone.  369 
classification  of,  13 
composition  of,  39 
formation  of,  17 
Leukaemia,  blood -corpuscles  in,  15 

uric  acid  in,  394 
Levatores     costarum,     action     of,     in 

respiration,  1H9 
Lieberkiihu's  crypt«i.  300,  304.  311.  369 
Limulus,  cause  of  hfart-beat  in.  115 
Lipase,  279 
Listing's  law.  840 
Liver,  and  cnayulatioii  of  bl(M>d,  33 
bile-pignuMits  and  acids  in.  314 
forniatinn  >>{  sugar  in,  448-432 

uroa  in,  440 
glycogen  i\\,  44b,  455.  528 
internal  sec  rctinn  of.  484 
iron  In.  i;,  314,  379 
Minkowski's  exi>erinients  on.  441, 
Living  matter,  composition,  i 
functions.  3 
stntrture,  2 
Localization  of  function  in  brain.  760 
degree  <.>f.  in  diflfercnt  animals, 

764 
of  sensations,  859.  H60 
Locomotion,  yyt 
Locomotor  ataxia,  equilibration  in,  732 

knee-jf-rk  in,  706 
Loeb  on  fertili^.ition  in  sea-urchin,  S79 
on  galvau  >trupism,  (151 


Lungs,  influence  of,  on  coagulation,  33 

quantity  of  blood  in.  1S5,  186 

secretory  action  of,  22ft 

vaso-motor  nerves  of,  145 
Luxus-consumption,  469 
Lymph,  circulation  of,  156 

composition  of.  42 

formation  of,  363 

functions  of.  43 

hearts,  157 
Lymphagogues.  360 
LN-mphocytes,  13 
Lv'sine,  292 

Macula  acustica,  733 
Magendie,  foramen  of,  773 

experiments  on  nerve-roots,  697 
Malapterurus,  649 

double  conduction  in,  604 

electrical  nerve  of,  669 
Malleus,  843.  847 
Manometer,  Pick's  C-spring,  73 

Pick's  elastic,  74 

Hiirthle's  elastic,  73 

maximum  and  minimum.  72 
Marginal  veil,  659 
Mariotte's  experiment,  820 
Massage    of    muscles,    effect    of,    on 

blood -presure,  152 
Mastication,  266,  267 
Maturation  of  ovum,  8?o 
Maxwell's  spot.  836,  869 
Meconium,  351,  886 
Medulla  oblongata,   anatomy  of.   678, 
679,  682 
centres  of.  715 
Medullary  sheath  of  nerve.  595 

development  of,  660 
Meissner's  plexus.  265 
Meniere's  disease,  734 
Menstruation,  879 
Mesenteric  ganglion,  inferior.  711 
Mesoblast,  881.  88j 
Metabolism  of  carbo-hydrates,  448-457 

in  fever,  519,  520 

in  starvation.  464-466 

nitrogenous,  laws  of,  46»-47i 
in  muscular  work.  470 

of  embr\o,  887 

of  fat,  457-461 

of  proteids.  437 
Metha-moglobin,  38.  57 

in  urine.  389 
Methylene     blue,     rcducti".»n     of,     in 

tissues,  183 
Metronome,  159 
Mctschnikoff's  theory  of  phagocyti.>>is, 

44 
Metts  tubes.  371 
Micturition,  414 

centre,  415.  716 


^^^^^^^^^^^^ 

1         MUk.  Assimilatfm  of,  ^St 

Muscular  oootractiou,  duration  of,  562 

I                  calcium  aitd  pbcisphnnu  in.  475 

fonuula  of.  601.  602.  655 

1                 carlxiii  dnd  Ilit^.l^cn  in.  478 

heat  pradtic«d  in.  ^82 

K                 cheniistrv  of.  530 

influence  of  fatigue  on.  569- 

V                  ciinipiisitirin  of.  4^1 

573.  630 

iron  in.  476 

«if  load  on.  566.  620 

5Prretit»n  o(.  8B0 

of  suprarenal  extract  ou. 

.           Milk-furdlinK  fcraieni,   206,   j88.  293. 

44a.  623 

375 

of   temperature  011,    566, 

MiUon'%  reagent.  4 

620 

Miniature  stumach.  no 

of  veratria  on.  574.  623 

Mimir*.  reBcctiou  from.  7*o,  7*1 

isotnetric  and  isotonic.  567 

Mitral  tells  .if  .4faLlory  bulb.  718 

lactic  acid  farmed  tn.  5^7.  62^ 

valvf.  67,  (H|,  169 

latent  period  of.  562.  624 

Moisl  rhamtwr.  653 

mechanical     phenomena     of. 

Mr>le«:ular  n»nrrnl ration,  352 

562-5S2 

layer  ol  crrebrlluro.  729 

optical  phenomena  of.  55H 

of  olfacttiry  bulb.  718 

necordmg  of.  big.  621                      1 

Morphia,  action  ot,  on  motor  rc-ntres. 

reversal  of  stripes  in.  560 

758 

seat  of  fatigue  in,   572.  6at. 

quanliCy  of.  for  dog,  46.  165 

622 

Mnther-substances  ^f  fenncius,  310 

source  of  energy  of.  587 

MoU<r-arras.  7-I3-74Q.  777 

superposition  of.  57_s,  625 

in  doK,  743 

veliKity  of  wave  of,  57h 

^^^H                in  heditehog.  765 

Viiluutary.  579 

^^H                in  tuaii.  749 

work  done  in.  567.  622 

^^H                in  monk^v. 

Mtiscular  fatigue,  56g 

^^^H                in  upossum.  765 

scat  <»f  exhaustion  in,  572.622 

^^™^                 in  -irnilhorhynchus.  765 

exercise,  effect  on  the  pulse,  S5, 174 

r                          in  rabbit.  764 

sense.  857 

^^^           path.  687.  700 

tetanus,  576.  625 

^^^H         sensory  funrtinns  of,  73S 

tone,  713 

^^KSIountaiu  sickness,  343 

work,  nitrogenous  tuetaboltsiu  In, 

Movciaents.  co-ordination  of,  737 

4  70 

forced.  735 

relation    of.    to    energy    ex- 

Mucous Kliuids,  2H1,  304 

pended,  585 

rhani^§  in  activity,  308.  374 

Musical  centres.  753 

Milller's  experiment,  241 

Mydriatic*.  7gS 

Murexide  test  fur  uric  acid.  426 

Mvocardiogruiih,  167 

Musi'iL-  volltaiite^.  Koi 

Myograph,  iHMiduluin,  5O4 

Muscarine,  action  of.  nn  heart,  133.  163 

spring.  .s<>J 

Muscle,  afferent  impressions  frum.  73: 

simple,  6a I 

cump«»sition  »if.  ^Kft.  627 

Myopia.  S02 

defeneration  ol.  612 

Myosin,  yyo.  628 

dtffrartiuu  spectrum  n(.  ^62 

Myosinogcu,  5gu,  628 

direct  excitability  of.  55.1.  6x9 

Myolalic  irritability.  70? 

elasticity  und  extensibility  of,  350 

Myotics,  7q8 

glycogen  in.  451,  s'^f'-  '''^6 

MyxoHlema  and  thyroidectomy.  488 

reaction  of.  587,  637 

respiration  of,  231 

Near.|Kiiht  of  vision,  H02 

TlfiVS  ol,    ^Hij-S^J 

Negalivu   variatton.     5«  Action  cur- 

stunnlatmn of.  553 

rent 

by  voliair  currrni.  556.  617 

Nerve,  chemical  changes  In.  )<>6.  607 

structure  of,  \*fH 

composilUm  of,  tut? 

in  polarized  light.  5(1 1 

conductivity  of.  (^05,  604 

sound.  570 

degenerution  of,  ho7 

Muscle-uervc    preparation,    lo    moke. 

duuhir  conduction  in.  604 

616 

effect   of    temperature  o«  excita- 

Muscle spindles.  612.  6%ii 

bility  and  conductivity  of,  598     J 

Muscular  lontraction,  ch«iiucal  pheno. 

effect  of  voltaic  currmit  on.  5Mh4 

^^           nienA  of.  586 

654                                     !3| 
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Nerve,  isolated  cooduction  in,  605 
minimum  stimulus  of,  597 
polarization  of,  639 
regeneration  of,  610 
stimulation  of,  596 
structure  of,  594 
Nerve-cells,  661 

changes  in,  after  section  of  axon, 

667,  668 
changes  in,  in  fatigue,  767 

with  age,  667 
growth  of,  666 
number  of,  in  brain,  669 
Nerve-fibres,  size  of,  669 
Nerve-impuke,  velocity  of,  605,  626 
Nerve-muscle,   preparation,    to  make, 

616 
Nerves,  classification  of,  615,  672 

trophic,  613 
Nervous  tissue,  effects  of  extracts  of,  495 
Neural  axis,  primitive.  671 

canal,  development  of,  659 
Neuroglia,  670 
Neuron,  661 

development  of,  666 
nutrition  of,  667 
processes  of.  66  z 
Nicotine,    action   of,    on   sympathetic 
cells,  X48 
on  ganglion  cells  of  heart,  133 
of  salivary  glands,  320 
Nissl's  bodies  in  nerve-cells,  661 
chromatolysis  of,  668,  767 
method  of  staining,  661 
Nitrogen  of  body.  463 
in  proteids.  i,  463 
estimation  of  total,  424 
Nitrogenous  equilibrium,  463-470 
metabolism,  437-448,  463-472 

influence    of   fat    and    carbo- 
hydrates on,  467,  468 
of  muscular  work  on,  470 
laws  of,  468-472 
in  starvation,  464-467 
N'ucleins,  i.  2,  445 

formation  of  uric  acid  from,  445 
Nucleo- proteids,  i.  30 

influence  of.  on  coagulation,  30 
Nucleus  ambiguus,  725 
Nucleus,  structure  of.  2 
of  Deiters,  686.  724 
of  reception  of  sensory  fibres,  716 
dcntatus,  672 
Nussbaum's  experiments  on  renal  ex- 
cretion, 404 

Octopus  macropus,  saliva  of.  311,  318 
Oculo-motor  or  third  nerve,  720 
CEsophagus,  contraction  of,  265,  269 
Ohm,  537 

reciprocal,  315 


Ohm's  law,  536 

Olfactory  bulb,  structure  of,  7*8 
glomerulus,  718 
nerve,  717 
i  sensations,  851 

!  tract,  7x8 

{  development  of,  660 

Olive,  679,  683 
,  connections   of   cerebellum   with, 

689 
I  Oncometer.  410 
j   Opacities  in  the  eye,  801.  817 
I  Ophthalmometer,  793,  866 
I   Ophthalmoscope  (direct  method),  806, 

869 
\  (indirect  method),  808,  869 

,  testing  errors  of  refractioo  by,  804 

Optic  axis,  799 
disc,  787,  820 
nerve,  719,  749 
thalami,  719,  729 

and  tegmental  path,  684.  689 
Optical  constants  of  the  eye,  789 
of  reduced  eye,  790 
,   Optimum  temperature,  279 
Optogram,  823 
Orbicularis     oculi.     displacement     of 

centre  for,  765 
Orcin  reaction  for  pentoses,  432 
Osmotic  pressure,  20,  352,  433 
Otoconia,  733 
Otoliths,  733 
Output  of  heart,  1x2 
Overtones,  248 
Ovum,  development  of,  879 
Oxalates  and  coagulation,  26.  47,  48 

in  urinary  sediments,  384,  435 
Oxidation,  seats  of,  229 

nature  of.  in  body,  234 
Oxidizing  ferments,  234.  262 
OxybutvTJc  acid,  in  diabetes,  455 
Oxygen,  amount  consumed,  214 
deficit,  213.  473 
in  blood,  222 
in  muscular  work,  215 
toxic  effects  of,  242 
Oxyntic  or  acid-forming  cells,  304,  307, 
308 

Pacinian  corpuscles.  854,  857 
Pain,  859 

referred,  699,  859 
Painful  impressions,  paths  of,  703 
Pancreas,  changes  in.  during  secretion, 
305 
internal  secretion  of,  485 
nerves  of,  333 
relation  of  spleen  to.  338 
Pancreatic  juice,  artificial,  377 

adaptation  of,  to  food.  33^1 
to  lactose,  336 


^^^^^^^                                                               90s       ■ 

^_    Pancrratic  juice,  composition  o(,  jqi 

Pilo<motor  neni'es,  148                                 ^^^^| 

^m                    fcrraenls  ul.  at/r.  377 

Pineal  body.                                                   ^^^H 

^V                    rale  ol  secretion  of.  336.  337 

Pitch.                                                            ^^^H 

setrrlory  pressure  of,  338.  34 1 

appreciation  of,  S49                              ^^^^H 

Paptllan.-  musfiM,  67 

Pithing  a  frog,  157                                      ^^^H 

Paradoxical  contractiun,  644.  654 

Pitot's  tubes,  too                                            ^^^H 

Paralytic  sctrelion.  325.  328.  341 

Pituitary  body,  730                                            ~^| 

^_     Paraplegia,  reflex  raovemenis  in.  705 

internal  secretion  of.  493             ^^^H 

^m    Faiotid,  changes  in.  during  secxetinn. 

Placenta,  formation  of.  884                        ^^^^H 

H     305 

glycogen                                                  ^^^H 

^H    Partial  pressure,  219 

Plants  and  animals  compared.  3                        ^H 

^H                   measurement  of,  230,  226 

Plasma,  blood*.  11.  34                                         ^ 

^m                   of  air  of  alveoli,  327 

riasmine  of  Denis,  24 

^H                       of  blood*f;ases.  236 

riinhv-smograph,  103.  172 

^^     Pause  of  heart.  68 

l^neumonia  aftcfr  section  of  vagi.  209 

Peduncle,  inferior  cerebellar.     See  Re*- 

Poikilotliennal  animals,  496 

^^                tifonn  body 

Poiseuille's  space.  95 

^K            middle  cerebellar,  678. 683, 690, 700 

Polar  N^lirs.  N8o 

^H            &U|}enor  cerebellar,  678.  690.  700 

Polarimeter.  432 

^H     Pendulum  rovograph,  ^64 

Polarization  of  light,  56" 

^H             mnvrments  of  intestine,  37a 

of  muscle  and  nerve.  639 

^H    Pentoses,  tests  for,  433 

positive.  640 

^V     Pepsin.  28f..  375,  376 

Poliomyelitis,    anterior,    degeneration 

^H             rate  of  secretion  of,  333 

in,  586 

^H    P^tones.  absorption  of,  369 

knee-jerk  in,  706 

^H           effect  of.  on  coagulation.  27.  33.  47 

Pons,  679,  690.  692.  7^8 

^H             effect  of,  on  bluod-presiurr,  179 

Posterior    corpora    quadrigeinina    and 

^M             reactions  of.  5,  375.  428 

auditory  nerve,  729 

^H     Pfrikaryon,  or  celi-body,  6(>o 

l\«terior  horn,  cells  of,  674 

^H      Prnlymph,  84$ 

roots,   degeneration    after  section, 

^1     Prnmeter.  836 

of.  610.  679.  6S0 

^H     l*cnuietric  chart.  837 

loss  of   movement   after  sec* 

^f    Pertpherat  ner^'ous  centres.  695.  710 

tion  of.  75ft 

^^      Peristalsis.  269.  272 

Postero-extemal    and    postcro-medion 

Peritoneal  cavity,  absorption  frotn,  359 

columns,  670,  679 

Personal  equation,  765 

Posture,   influence  of.   un   blood>pres- 

Prllrnkofcr's  test  for  bile-arids.  378 

surr.  154.  «77 

^      Phagocyti«is,  43-+5 

on  pulse-rate.  84.  174 

^ft     PhakosTiipe.  792.  863                                   1 

Potassium  in  ner>'es.  607 

^P     Phenol,  formation  of.  in  intestine.  350     ' 

in  nuclei.  2 

^              in  urine,  390,  394                                  , 

microchemical  lest  for.  3 

f*henyl-hydraeine  test  for  sugar.  429        ' 

Potential.  536 

Phlondziu  diabetes.  456.  530 

Precipitins.  32 

Phiufuglucin  reaction  for  v>ciit«ises.  432 

Prcdicrotic  wave,  80,  82 

^^      Phtfo-phates  ni  uiinarv  sediments,  385.   ' 

Presbyopia.  803                                         ^^^^ 

H               4^5 

Pressor  and  depressor  ner\*es,  140            ^^^H 

^H             m  urine,  389,  421 

Pressure,  artennl.  H7-94                           ^^^H 

^H     Ph<»sphuresceuce.  oxidation  in,  230 

endocardiac,  7a-77                                       ^M 

^H     Phosphoric  arid,  estimation  nf.  431 

intrathoracic,  187.  197                                 ^M 

^H     I'hrrnic  nerves,  199,  206 

negative  in  heart.  73,  78                            H 

^H                      action  current  of,  637 

respiratory.  197                                             ^M 

^*              nuclei,  connections  of,  199 

secretory,  of  saliva.  330                    ^^^H 

Pbysiotoglcal  salt  solution.  138 

sensations,  8*i4,  855                             ^^^^| 

^^      Pia  mater,  670 

Primary  colours.  829                                ^^^H 

^K     Pigmented  epithelium  of  mina«   78B, 

position  of  eyes.  M40                           ^^^| 

^m                 821, 823 

Projection  of  image  into  space,  811         ^^^H 

^H                    and  visual  purple,  824 

Pronucleus,  880                                         ^^^H 

^H    PUocarpine,    aiiiuu    of,    on    digestive 

Protagon.  607                                          ^^^^^ 

^H                         secretions.  342 

Proleids.  absorption  of.  368             ^h^^^^^| 

^^B                    un  pupils,  798 

463             ^^^^^^^^^ 

^^^^^^^  on  saUvary  aecxetioo,  374 

^M                                                   ^^^^^^^^H 

^^M            Proteid-ftpariog  action  oi  other  lood 

Reflexes,  axon-,  710                         ^^^H 

^^m                substances.  467,  468 

inhibition  of,  705.  775                       ^^| 

^^H              Protrids,  reaction  of,  4 

from  sympathetir  ganitlia.  7to        ^^M 

^^H                      in  urine.  388,  y}^.  427 

spinal,  relation  of  brain  to.  703       ^H 

^^H              Proteoses,  tests  for.  5,  375 

Kvfraction  of  light,  7K3,  7^13                     ^^M 

^^V             Protoplasm.       2 

in  eye.  7SS                                          ^^M 

^^H               PseuduixKlia.  12 

Refractive  index,  762                                 ^^M 

^^H              Pscudo^rDfloxcs,  707 

of  media  nf  cyr,  7S0                  ^H 

^^1              Psychical  &ccretiou  of  gastric  jirice,  .131 

K«*fr.ictory  period  k>{  heart.  124               ^^M 

^^H                             of  Sdliva,  327 

Regeneration  of  nerve.  6io                       ^H 

^^m             Ptyalin.  2H1,  371 

uf  nrr\T-cclls,  730                               ^^M 

^^H              Pulnionarv  catjirter.  22S 

of  ner\-es  after  '  crrtuin^'  7fe         ^^M 

^H              Pulse,  the;  7^8'> 

of  tissues.  877                                       ^H 

^^H                       ana<TL>ti(',  83 

Renal  secretion,  thetines  uf,  307              ^^| 

^^^^^              characters  of.  H5.  172 

tubules.  397                                  ^^^^H 

^^^^^            dicrutic  wave  of.  Ho-tf'Z 

Kennin,  288.  375                               ^^^H 

^^^^^f             frequency        84 

Kcpri^HJuction.  sexual.  H78              ^^^^^| 

^^^^^               influeiicf  of  pcisturr  on.  84,  172 

Rescne                                                  ^^^^| 

^^H                     venous,  lufi 

Residual  air.                                       ^^^^H 

^^y              Pulse-tracings.  9o.  171 

Resistance,                                           ^^^^H 

^^H                          etTect  of  amyl  nithtr  ■«,  .^3.  172 

mca'surenirnt                                 ^^^^^| 

^^B                        frnm  difterent  arteries.  »i,  172 

thcrmumeeer.  4<>8,  583             ^^^^H 

^^H                        muscular  exercise  on,  83,  172 

Resonance  lone  of  ear,  580                      ^^H 

^^1               Pulse-wave,  velocity  of.  86 

Respiration,  accessorv  phenomfloa  o^^H 

^^H                Pulvinar,  7i<j 

191                                    ^H 

^H               Pupil.  ArgyU-Kobertson,  796 

aflercnt  nerves  of,  2CkO.  257            ^H 

^^B                         changes    in.    during    ac4X>mni(jda- 

apparatus,  si  J                                  ^^M 

^H 

cbemtstry  'if.  311.  259,  261             ^^M 

^^B                       coustrictor  nerves  of,  7c>6 

Cheyne>Stoke&.  210                          ^^M 

^H                        dilator  ner\T*  of.  797.  798,  871 

cornparativr  pb>'siulogy  c(,  184       ^H 

^^ft                      eccentricity  of.  801 

rutaiicous,  243                                     ^^M 

^^^^^                influence  of  drugs  on,  79B 

efferent  nerves  of.  I9<>                       ^^M 

^^^^1 

external  and  inttfnal,  i«4               ^H 

^^^r                     photuKcaphv  uf,  796 

frequency  uf.  195                                ^H 

^^m                 Piu-in  base5.  3S6,  445 

gaseous  changes  in,  213-217           ^^M 

^^H                Purkinje's  cells  in  cerebellum.  729 

heat  lost  in,  ^03,  532                        ^H 

^B                        figure.  Hi 7.  874 

internal.  229                                         ^^M 

^^B               PuTkinje-Sansi.-:]  images.  7S3.  792.  863 

influence  of  vagt  on.  200.  257         ^H 

^^H               Pus  cells,  urigin  mI.  45 

of  *  higher  paths  '  i.m,  200        ^^M 

^^H              Pyloric  sphincter,  265.  271 

of  musrular  exercise  ou.  xos  ^^M 

^^H               Pyramidal  celU,  663.  664 

influence   of,   on    bUtod-prw^^f 

^^m 

sure.  2).%-24i                           ^H 

^^H                       tract!^,  676,  684,  6S7.  700 

on    capacity    of     pulnioaarf^H 

^^H                                (onnectiuns  of.  6S4,  68$ 

vessels.                                         ^^M 

^^^^^^       Pyramids,  677,  679 

in    condrtiscd    and    rarefird    «fr4^H 

^^^^K              decUMfttioa  of,  685,  688,  701 

^H 

mechanical  phenomena  ot  t^j^^^H 

^^^^^^        Reaction  r»f  degmeration,  612 

muscle,  2JI-2J4                    ^^^^^1 

^^H                        of  tnt'^tine,  346.  347 

8tJ9                               ^^^^H 

^^M 

types  uf,  190                                  ^^^^^H 

^^m              RecurreJit  fibrf^A.  b*ft 

Respiratory  aut'unaiism,  3(.>/>,  7T4         ^^M 

^^M                       sensibility,  699 

capacity.  19^.  >59                          ^H 

^^1                Hod  nucleus,  690,  691 

centre,  198                                           ^H 

^^t^^        Reduced  eye.  790 

action  of  alcubol  ou.  20ft.  >5S^^| 

^^^^^^H        Krferrrd  pain,  699 

chloroform  on,  207          ^H 

^^^^^k     Reflection      light.  780 

venous    blood    ou,    «A|i^H 

^^^^^^^^flcx                         774 

^^H 

^^^^^^^^^B            anatomir<-il             of,  708 

centres,  spinal.  208                            ^^H 

^^^^H^^V  centres  in  cord.  7u6, 

*  dead  span*.*  197                               ^^M 

^V           ^      time.  711.  775 

fanpurity.  prrmissililv.  Jt^              ^^M 

^^^L            Kcflexes,  706,  707 

organs,  aualomy  of,  ti^         ^^^^M 

Rcftpintury  pretsiuv,  198 

Sali%'ary    glands,    sympathetir    nerves             ^H 

quoticut.  2tn.  262 

322                               ^^^H 

1                             ill  excisfd  mus-cles.  113.  233 

remnvol  of,                                        ^^^^H 

^^—                     ill  muscular  wurk,  ii^ 

Salt-hutiRcr.                                                   ^^^^H 

^^H           sounds,  19  J 

Salts  in  diet.                                                  ^^^H 

■            trarings.  iqj.  ttj^,  255-257 

in  metabolism,  474-476                          ^^^^^| 

Restiform  body,   678,   679,  68a.  690. 

in  milk.  475.  481                                           ^H 

700 

Saponin,  aotiuti  of,  mi  bIiK>d-corpuKJes.              ^^M 

and  direct  rwcbellar  tract.  6fi2 

53                                                     ^^^1 

and  grai:  tie  and  nmeate  nucJei.  684 

SarLolactic  acid  in  muscle,  ^87                     ^^^^^H 

constituents  ot.  ttf)0 

rigor  mortis.  591.  629               ^^^^^| 

Resuscitation  of  the  heart.  123 

Scalene  muscles,  in  inspiration,  ii^)           ^^^^^| 

Retina,   curves  o(  e-xcilatiun   of,    830, 

Scheiner's  experiment,  R04,  864                ^^^^H 

K                831 

Sciatic  nerve,  to  expose.  176                       ^^^^^| 

^^H          development  i»f,  660 

Secondary  contraction,  644.  652                ^^^^^^| 

^H          fati^c  of,  833,  874 

with  heart,  168,  645                      ^^^^H 

^^1          miuimal  stimulus  of,  907 

^^^H 

^^^^^ photography  nf.  Sio 

Secretion,  internal.  4.S4-495                         ^^^^^H 

^^^^^neosibility  of,  for  colours.  835 

of  corpus  lutemn.  4^7                           ^^M 

^^^^Hv  structure        787 

of  kidney  and  pancreas,  485         ^^^^B 

^V  Retinal  bloodvessels,  shadows  of,  S17, 

484                                    ^^^^^ 

■              874 

4K6                                  ^^^^^1 

image,  fnrmatifni  nt.  863 

of  pituitary  b<xly.  493                  ^^^^H 

iize  t>{,  701 

^^^^H 

Relinoscopy,  H07.  871 

ol  suprarrn.iU,  180.  4'>i                 ^^^^B 

Rhcocord,  ^40 

of  testes.  4^6                                            ^H 

simple,  540.  618 

of  th>Toid.  48S                                       ^ 

Rhinencephalon.  752 

of  th\'ntus.  487 

1           Rigor  mortis,  589 

paralytic,  325 

analogies    tn    muscular    con- 

parath>Toid. 4R8 

traction,  ^qx 

pineal  gland.  49^ 

pr<HJii<-tii>ii  nf  rarbnii  dioxide 

Secretory  pressure  r.f  saliva,  jjn 

iu.    2^2.    592 

SeU-digestiou  of  stomach    \i(».  381 

removability  of,  593 

SeiiucircuUr  canals.  733.  ^44.  846                         ^J 

time  of  onset  of,  592 

Semisection  of  cord.  701                                       ^H 

heat-,  591 

Sensation,  relation  of.  to  stimulus.  861              ^H 

Ritter's  tetanus.  641.  656 

IocaIir.ation  of,  839                                           ^M 

Rods  and  ronc-s  in  visi-'ii,  H20 

Senses,  the.  778                                                     ^M 

Rolando,  fissure  of.  743.  74.S 

Sensori  •  motor      functions    of     motor 

substanre  of.  671.  674 

cortex,  758.  7^2 

Rdntgen    rays,    for    study    of    gastric 

Srnsorv  are>is,  750-753                                            ^^m 

movements.  272 

paths  tu  brain,  68»,  689,  700.  703                ^H 

Root-fibrrt,    jxisterior.    course    of.    in 

Serous  glands.  281                                                    ^H 

cord,  679.  680.  68r,  700 

Serum.  25.  34.  49                                                  ^H 

Roots  of  spinal  nerves,   function*  of, 

albumin.  34.  49.  590                                     ^H 

t>o7.  ^99.  774 

globulin.  34,  49                                              ^i 

section    and    stimuUtion    nf, 

proteids  in  starvation.  437 

774 

source  ol.  437 

Sham  feeding,  330 

Saliva,  amykilytic  action  of,  38  ^.  372 

StKM:k.  156,  695 

adaptation  of.  to  food.  327 

Sighing,  211 

chemistry  of.  281,  371 

Single  \'ision.  theories  of.  810 

functions  of.  282 

Sixth  nerve,  or  abducens,  723 

paralytic  secretion  of.  325 

Skate,  electrical  organ  of,  650 

^^^           reflex  secretion  of.  326 

Skatol.  294.  3^1 

^^B                   in  vomiiins;.  377 

Skiascopy.  S07.  871 

^^B  Salivary  centre,  32K 

Skin  currents,  647 

^^M          corpuscles.  38a 

impulses    from     in   equiUbratlon, 

^^B           glands,  381 

733                                                           1 

^^B                    actton-riurentsof.  647 

varnishing  of,  244                              ^^^^H 

^^^^                   cranial  nerves  of,  323,  326 

^^^H 
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Sleep,  cerebral  circulation  in.  767 
depth  of,  769 

intracranial  pressure  in,  768 
plethysmograpbic    tracings    from 

arm  in,  768 
theories  of  causation  of,  767 
Smell,  851 

centre  for,  752 
Snake  venom,  effect  of,  on  coagulation. 

31 
Sneezing,  210 

Sorefs  haemoglobin  band,  37 
Sound,  cranial  conduction  of,  848,  875 
Specific  energy,  763,  779,  851 
Spectroscope,  35,  56 
Speech,  250 

Spermatozoa,  development  of,  878 
Spermin,  487 
Spherical  aberration,  799 

and  irradiation,  839 
Sphygmograph,  79,  171 
Sphygmomanometer  of  Erlanger,  91 
Sphygmometer,  92 
Spinal  accessory  nerve,  724.  727 

union  of,  with  facial.  761 
Spinal  cord,  action  currents  of,  646, 658. 
702 
anatomy  of,  674 
ascending  tracts  of.  676.  678 
automatic  functions  of,  712 
centres  of,  715 
conduction  of    impulses    by, 

697,  703 
descending  tracts  of,  676,  684 
excitability  of  fibres  of,  697 
functions  of,  697-716 
semisection  of,  701 
complete  section  of,  675,  695 
removal  of,  695 
action  of  strychnine  on,  581. 

708.  776 
white  matter  of.  675 
Spinal  ganglion,  cells  of.  664 

relation  of.  to  posterior  root- 
fibres,  679 
Spinal  reflexes,  704-712,  774 
centres  for,  707 
inhibition  of,  705,  775 
relation  of  brain  to,  705 
Spirometer.  196 
Splanchnic  nerves,  144 
Spleen  and  blocxi-forniation,  16 
and  blootl-destriiction,  17 
and  formation  of  bile-pigment,  495 
and  formation  of  trypsin,  338,  495 
l>roteolytic  ferment  of.  338 
relation  of.  to  pancreas,  338 
removal  of,  495 
Spongioblasts,  6.«)9 
Spring  myograph,  563 
'  Stain  ase  '  or  '  trcppc,'  125,  569 


Standing.  738 

Stannius*  experiment,  134,  163 

Stapedius,  644,  846 

Stapes.  843.  847 

Starch,  action  of  acids  on,  7,  28s 

digestion  by  saliva,  282,  372 

tests  for,  7 
Starvation,  metabolism,  464.  463 

serum  proteids  tn,  437 
Stasis,  45.  158 
Stationary  air,  196 
Steapsin,  292 

Stenson's  experiment,  593 
Stercobilin,  296,  350 
Stereoscope,  813 
Stereoscopic  vision,  812 
Stethograph,  255,  257 
StilUng's  sacral  and  cervical  nuclei,  674 
Stimulants.  483 

Stimuli,  summation  of,  575.  625 
Stomach,  absorption  from,  357 

auto-digestion  of,  316,  381 

excision  of,  290 

movements  of,  271 

nerves  of,  274 
Stroma  of  coloured  corpuscles,  11 
Stromuhr,  98 
Strychnia,  action  of,  on  cord.  5S1,  708, 

776 
Sublingual  ganglion,  319 
Substance  of  Rolaado,  665,  671 
Succus  entericus,  300 

action  of,  in  digestion.  348 
adaptation  of,  to  food,  341 
influence  of  nerves  on,  341 
Sugar,  absorption  of,  367.  380 

and  muscular  contraction.  588 

destruction  of,  in  blood.  454 

estimation   of,   by    Fchling's  solu* 
tion,  430 
by  polarimeter,  431 

excretion  of.  by  kidneys.  406.  452, 

fate  of.  in  organism,  452  [529 

formation  of,  in  liver,  449 

in  blood.  405,  448,  452.  456 

in  urine.  388.  395.  430 

phenyl -hydrazine  test  for,  429 

Trommer's  lest  for,  7 

yeast  test  for,  430 
Sulphates  in  urine,  389 

estimation  of,  421 
Sulphocyanide  in  saliva,  281.  371 

in  urine.  390 
Summation  of  stimuli,  575,  625 
Superior  laryngeal  nerve  and  respira- 
tion, 202,  257 
Superposition  of  contractions,  ^75.  625 
Supplemental  air,  196.  259 
Suprarenal  capsules,  secretion  of.  491 

extract,  action  of,    140.  x8o,   491. 
623 
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SurUf-e  of  body,  rcUlion  to  mass,  481. 

Temperature,  regulation  of,  510                ^^^^H 

515 

sensations,                                                ^^^^^| 

Suspensory  ligament,  78S 

'Tendon-reflex.'  707                                    ^^^^| 

^^L            in  accommodatiun.  793 

Tension  of  blo<}d>gases,  226                          ^^^^^| 

^H   Sutures,  181 

of  oxygen  in  human  blrf^xl.  227          ^^^^| 

^^    Suturing  of  nerves.  760 

Tensor  tvmpani,  844,  ■'$48                             ^^^^^| 

1             Swallowing,  effcrl  of.  on  puIw-rate.ijB. 

576                                                    ^^^H 

W        '74 

composition  of.  576,  635                    ^^^^H 

^H    Sweat,  416 

frequency  of  stimulation  necessary            ^H 

^H           centres,  418 

577                                                   ^^^B 

^H            nerves,  417-4^9 

Kilter's.  641.  656                                ^^^H 

^^1            quantity  of,  417 

secondary,  382,  644.  652                    ^^^^^| 

^^m    Swim-bladder.  gases  of,  aag 

Thermo-electric  junctions.  497.  583          ^^^^H 

^H     S>Tnpathf?tir,  cardiac  fibres  of,  in  Uv%. 

Thermometers.  496                                         ^^^^^| 

^H                       126,  164 

resistance.  497.  524.  5^3                       ^^^H 

^^m                            in  mammals,  i^i,  169 

Thermopile.  563                                              ^^^^^| 

^^H           cervical,  vaso-motor  fibres  in,  142, 

Thermotaxls,  jto-jiS                                 ^^^^H 

^m              xBo 

Thirtl  nerve.  720                                                      ^^| 

^^H                    direction  of,  in  ferog,  164 

Thiry's  fistula.  30a                                                   ^^ 

^^1                          m  do|$,  169 

Thoracic  duct,  156 

^^H                    fibres  for  salivary  glands,  320. 

absorption  of  fat  hy.  366.  370 

^B                        ^" 

proteids  by.  368 

^^H                  pilo-motoT  fibres  in,  148,  6ti, 

and  jaundice,  314 

^H              710 

Thrombin,  25 

^^H                   pupillu-diUtor,  fibres  u(,  611, 

Thrt)mboneii,  26 

^1                               87^ 

Thrombo kinase,  26,  49 

^^H                   regeneration  of.  610 

sources  of,  a 8 

^^1                    union  of,  with  vagus,  761 

Thrnmbosin,  24 

^^H           ganglia,    supposed   reflexes    from. 

Th>'mu5.  removal  of,  487 

^H              710 

feeding  with,  44s 

^^^                 development  of,  666 

Tb>Toid.  effects  of  excision  of,  488 

^^■ttiaapsis.  661 

Tbyiaids,  accessory,  489 

^"^Wntope.  156 

Thyro-iodin,  490 

r          Systole  of  heart.  66 

action  of.  on  heart -nerN'es.  490 

Tidal  air.  196.  259 

Tachograph,  gas.  101 

Timbre.  248 

Tachycardia  in  disease,  727 

Time -markers.  1 59.  545 

Tactile  impressions,  path  of,  in  cord. 

Tissue-fibrinogen.  30 

70  J 

Tone,  muscular.  351,  713 

sensations.  854 

trophic,  714 

centre  (nr,  752 

Tonus,  accrebral.  735 

Talbot's  law.  826.  874 

Torpedo,  649 

Tartar.  381 

TorricelU's  theorem.  64 

Taste.  83a 

Touch,  acuity  i>f,  855,  875 

nerves  of.  722.  725.  853 

Trachea,  to  put  a  cannula  in.  166 

Taurocholic  acid,  296 

Tracts  In  cord.  676 

Tears.  382.  788 

Transfusion.  155,  178 

Teeth.  266 

Traube>Hering  curves,  239,  240 

Tegmental  affrrent  path,  685,  689 

Tngeminus  nerve,  724 

Tegmentum.  679 

Triple  phosphate,  385.  435 

Telrxlendnon,  661 

Tristrarin.  i 

Temperature,  daily  variation  of,  525 

Trochlear  or  fourth  ner%'e.  721 

in  cavities  u(  the  heart,  $23 

Troraraer's  tcit  for  c^ducing  sugar,  7 

measurement  of,  496.  40S,  583 

Trophic  nerves.  613 

nerves  of.  856 

tone,  714 

1 of  blood,  501.  524 

Trj*psin,  292 

^^^^H   of  brain.  $08,  f^23 

relation  of,  to  spleen,  338.  493 

^^^^^H  of  skin,  32s 

Trx-ptic  digestion.  291-294.  377                                  , 

^^^^^  paths  (or  impressions  of,  in  cord. 

Tryptophane.  293                                                 ^k 

^H"         703 

1    Tuberrulum  anisticuni.  274                                 ^H 

^^^^^    post-mortem  rise  of.  527 

1    Tympanic  membrane.  843,  847            ^^^^^^^B 

^H      910                                        ^^^^^^^^H 

^^H              T>'mpanic     iiir>nibnuie,      fundamental 

Urimr.  proteids  in,  j««.  395.  427-429          ,, 

^^^H                     tune  uf,  848 

puriu  basM  in.  386                             ^^d 

^^B              Tympanum,  843 

qu^intity  of.  383.  392                      ^^M 

^^H                TyTi>!»iii,  iu  paiicrealic  iligestioii.   zfts, 

reaction  of,  384.  391                         ^H 

^m               37B 

secrcUun  of,  396                               ^H 

^^^^^^                in  urinary  sfdim«nts.  3^5.  436 

actiou  of  glomeruli  in,    404^^! 

^^^^^^                prodiirtion  nf,  in  livrr,  447 

408                            H 

action    nf    >  rndd^  *    ppitbe-  ^| 

^^^^^^         Ueflelmnnn's  test  for  lactic  arid,  377 

bum  in,  404 

^H                 Umliihcal  rord.  S83,  ^84 

Adami's  rxperiracnls  .in,  404 

^^1                 Unpt^ilarizahle  elfctrcxlps,  345,  652 

l^eddard's     eK(»eruurnls     no«^^ 

^H                Urates  in  urinary  ^-dimtnls.  3M4.  435  ' 

404                             ^H 

^^1                 ITrra.  ,i8r>,  103 

Hvidnihain's  rxiMrnmrnls  <Hl|^^| 

^^H                         drcnmpu5itiun  nf,  386.  433 

402                                           ']^l 

^^H                        estimatit'ti  of,  423 

Nussbauin*s  experiments  oa^^H 

^H                        formation  of.  439,  444 

404                         ^^B 

^^B                                in  liver,  440 

influence    oi    drcnUtion    ooj'^H 

^H                          in  fever,  393,  531 

410                                  ^M 

^^1                        preparation  of.  422 

of  tUnigs  ttn.  4x3                ^H 

^^^b                         variation    with    pruleid&   in    food, 

uf  nerves  on,  410-413      ^^| 

^^^H                     467.  469.  534 

theories  of,  397                         ^^M 

^^^^L         Uric  acid,  iHft.  393.  444 

work  done  by  kidney  in.  407  ^^ 

^^^^^K                       estimation  of.  426 

secretory  pressure  of,  409                       J 

^^^^^H                                                in   birds 

sediments  of,  3!t4,  385,  394.  435 

^^^^H                       444 

ftpetihc  xravity  of,  3R3.  39 1,  420 

^^^^^H                                            444 

sugar  in,  3V5.  430-43» 

^^^^^^^^^                                iiuclrin  biues.  444 

'Sulphuric  acid  in,  389.  $94,  421        ^^ 

^^^^^^^^^m                   from  nucleu-proteids.  444 

tola]  nitn^t^en  in.  424                         ^H 

^^^^^^^P                             343 

urate*  in,  384.  38<>.  303.  426      ^^^H 

^                              In  leukitmia,  393 

urea  in.  386.  393.  422              ^^^^M 

^^H                              in  unnarv  sediments.  384,  435 

xonthin  bases  in.  366              ^^^^^| 

^^H                Urine,  acidity  of.  3K4,  385 

Urobihn,  296.  350,  388                    ^^^^^M 

^^H^                       acetone  in,  433.  435 

Urochrouie,                                         ^^^^^| 

^^^^^^^                aceto-acetic  acid  in,  455 

Uroerythrin,  388                               ^^^^^| 

^^^^^^k             acid  fermentation  of.  384 

Urorosein,  388                               ^^^^H 

^^^^^H               alkaline  fernientatiou  of,  384 

^^1 

^^^^^H               aromatic  l>odics  in,  390.  394.  422 

Vagi,  section  nf  both,  209                         ^^M 

^^^^H              blood  in,  395.  435 

\'agus.  cardiac  fibres  of,  in  trog.  iJfl^^H 

^^^^^H               carbo-hydrates  in,  3tSK 

X62.  164                             ^H 

^^^^H              chlorides  in,  389.  393.  420 

rentre,    eflect    of    su|>r4rcnal  *<^^| 

^^^^^H                                          3S3 

Iracl  oh.  180,  491                           ^^^ 

^^^^H 

in  mammals.  131,  X67,  176 

^^^^^H               examination  of.  435 

rcldtiou    of.    |o    respiration.    200,  ^1 

^^^^^H               ferments        389 

357                                               ■ 

^^^^H              freezing-point        391. 433 

tracings.  127.  X28.  164                       ^M 

^^^^^H              hf  miitoporph>T]n  in.  3KH 

Vafus  nerve,  735                                          ^H 

^^^^H              hippurlc  acid  in. 

and   cervical  svropatbvtie^    tmisa^H 

^^^^^H 

761                                  ^H 

^^^^^H             indoxyl  in,  390,  394.  422 

Valsalva's  exptriment.  241                      ^H 

^^^^^H              ill  diM-ase,  393-396 

Valves  of  licarl,  aclmn  r>t.  07,  169         ^^M 

^^^^^H                   starvation,  463,  466 

^^^^^1              kreatinin        387,  427,  447 

sure  of.                                   ^^M 

^^^^^H             Jeucin   and   t^Tnftin   in,   39s.   442, 

of  \'eins,  62                                          ^^M 

^^H         436 

Volvulx  conniveates,  3S7                      ^H 

^^^^^H               inrthxmoglnbin  tn,  389 

Varnishing  skin.  419,  516                         ^^| 

^^^^^H                           acid  in.  3H7 

Vdsu-ionsthcturs   and  diUlun.   (iiflff*^i^^| 

^^^^^^K               pentoses         394.  432 

ences  between,  141                                 ^^H 

^^^^^B 

Vaso-dilatur  fibres  of  cburda  tym|ku4^H 

^^^^^^^             phtrfiphoric  acid  in.  389,  42X 

146                                        ^1 

^^^^^^B             phystco-rbemical  anal>-sis  uf,  390 

nervi  engente^,  146                 ^^M 

^^^^^^B             pigments  of,  296,  38H 

Vaso-motor  centres,  148                        ^^M 

^^^B 
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Vaso-motor  centres  hi  sleep,  7<*7 

Vocal  cords,                                                 ^^^^^ 

peripheral,  150.  605 

^^^^^1 

nerve*.  139-156 

Voice,  production  of.  34'>.  348                         ^^^^| 

methods  »>(  investigatius. 

40 

pressure                           247               ^^^^| 

Vaso-molur  nerve*  ol  brain,  14.I 

children,                                                   ^^^^H 

cerficalsjinpathetir,  14^, 

I  So 

537                               ^      .             .           ^^H 

course  of.  147 

Volume  of  corpuscles  and  plasma  in               ^H 

in  &planchnics,  144 

blood,  20                                                               ^1 

in  triKeminus,  143 

V'luiilarv  contraction    fatigue  in,  57a,                  ^1 

of  heart.  145 

622                                                            ^1 

ot  kidney,  144 

nature  of,  571                                    ^^^H 

i                       of  limbs,  144 

Vomiting,                                                         ^^^H 

1                       of  lungs.  145 

of  muscles,  145 

caused  by  apomurphine.  379.  37^»         ^^^H 

of  t'eins,  146 

380                                                               ^H 

V«o-motor  ceflexes.  151.  176 

Vowel  cavities,  2)3                                            ^^^H 

Vein,  to  put  a  cannula  m.  178 

Vowels.  Hrlmholtz's  thcor>'  of,  252               ^^^H 

Wins,  circulalimi  in,  10ft 

Hermann's  theory  of.  253                       ^^^H 

pulse  in,  108 

^H 

vaso-raotor  nerves  of,  14^* 

WarrinKt^m  on  ch.inge5  in  motor-cells                ^| 

velocity  ot  blood  in,  107 

after  section  of  posterior  roots,  ^^7                   ^H 

Vella's  fistula,  300 

Water.  pr<Kluction  of,  in  b.xiy,  474              ^^^H 

Velocity  of  blood,  97-104 

482                                             ^^^^1 

in  arteries.  101.  103 

Weber's          863                                           ^^^H 

1                        in  capillaries.  105 

Weigert's  method,  669                                    ^^^H 

j                        in  veins,  107 

Weyl's  test  for  kreatinin.  437                      ^^^H 

!                        measurement  uf.  07~59 

Wharton's  duct,  381.  3i'>.  373                       ^^^^1 

Velocity  of  the  nerve -impulse,  60^ 

6a6 

Whent4toiie's  bridge,  S37                             ^^^H 

Vrlocity-pulse,  curves  of,  100,  101 

Whetl-muveinents  of  eyes,  840                     ^^^^H 

Ventilation,  J14 

,    Whispering  voice,  251                                             ^H 

Ventricles  of  brain,  660 

1    White  blor>d-corpuscles.  t3.  38,  39.  43                ^H 

'         Vesicular  murmur,  n>2 

Work,   muscular.    567                                           ^| 

Vestibular  branch  of  auditory  nerve. 

I                   relation   of.    to   beat-pruduc-              ^M 

691,  724 

lion,  584,  585                               ^^^^^ 

Vestibule.  733.  '*43.  ^44 

source  of  energy  lit,  587                 ^^^^H 

and  equilibration,  733 

of  heart,  112                                            ^^^^^ 

VUli.  357 

Worm  of  cerebellum,  672,  690.  733                     ^H 

Vision,  colour,  827 

^H 

l.ir-pomt  of.  802 

near-pniul  of.  802 

physical  introduction  to.  780 

Xanthni.  443 
Xanlhin-bases  in  urine,  386 

!                   >tereoscopir,  812 
Visual  angle,  79> 

Xanthropoteic  reaction,  4 
Xerostomia.  328 

axis.  786,  801 

i 

centres.  750 

)   Yawning.  311 

judgments,  814 

1   Yellow-»pot.  787.  Si6.  869 

path,  scheme  of,  7J>.  749 

Yolk-sac.  882 

purple.  833 

regeneration  of.  8^4 
Vital  capacity.  196.  359 

ZOUner's  illusion  of  parall;!  Uues^  8x6 

Vitreous  humour.  788.  863 

Zonule  of  Zinn.  788 

opacities  in.  80 1,  817 

Zymogens,  310 
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THE  SUPERIORITY  OF  SAUNDERS*  TEXT-BOOK 

In  a  recent  series  of  articles  entitled 

"WHAT  ARE  THE  BEST  MEDICAL  TEXT-BOOKS>" 
a  well  known  medical  journal  compiled  a  tabulation  of  the 
text-books  recommended  in  those  schools  which  are  members 
of  the  American  Association  of  Medical  Colleges.  The  text- 
books were  divided  into  twenty  (20)  subjects  and  under  each 
subject  was  given  a  list  of  the  various  books  with  the  number 
of  times  each  book  is  recommended.  Saunders'  books  head 
ten  (10)  of  the  twenty  (20)  subjects,  the  largest  number  head- 
ed by  any  other  publisher  being  three  (3).  In  other  words. 
Saunders'  boob  lead  in  as  many  subjects  as  the  books  of  all  the  other 
publishers  combined. 

A  Complete  Catalogue  of  Our  PubUcationi  will  be  Sent  upon  requeft 


SAUNDEJUS'  SOOKS  ON 


Peterson  and  Haines' 
Lej^al  Medicine  &  Toxicolof^ 


A  TnUBook  of  Ufid  Midtciiie  maA  Toxlorfocy.  Edfted  by 
Frederick  Peterson,  M.  D.,  Clinical  Professor  of  Pyschiatiy,  CoU^e 
of  Physicians  ancL Sttrgecois,  New  York;  and  Waiter  S.  HaimbSv 
M.  D.,  Pr<^»sor  of  Chemistry,  Pharmacy,  and  To3da>logy»  Rush 
Medical  .College,  in  affiliation  with  the  University  of  Qiic^Ow  Two 
imperial  octavo  vdumes  of  about  750  pages  each,  fully  illustrated 
Per  volume:  Qoth,  $^.00  net;  Sheep  or  Half  Morocco,  $6X30  net 
Soid  by  Subscriftian, 

IN  TWO  VCMUniBS— BOra  VOMIMBS  NOW  READY 

Tlie  direct  of  &e  praent  woik  tfe  to  give  to  tiie  medBcal  and  tegal  praCeailaas 
a  comprehensive  survey  of  forensic  medicine  and  toxicology  in  modenue  compass. 
This,  it  15  believed,  has  not  been  done  in  any  other  recent  woifc  in  KngHsh,  Under 
*■  3£xpert  Evidence  "  not  only  is  advice  given  to  medkal  experts,  bet  suggcstioBS 
are  also  made  to  attorneys  as  to  the  best  mediods  of  obtaining  the  desired  iiifct-* 
mation  from  the  witness.  An .  Interesting  and  important  chapter  is  tfiat  on  "  The 
Destruction  and  Attempted  Destruction  of  the  Human  Body  by  Fire  and  Chemi* 
cals."  A  chapter  not  usually  found  in  works  on  I^al  medicine  is  that  on  "The 
Medicolegal  Relations  of  the  X-Rays."  This  section  will  be  found  of  unusual  im- 
portance. The  responsibility  of  pharmacists  in  the  compounding  of  prescriptions, 
in  the  selling  of  poisons,  in  substituting  drugs  other  than  those  prescribed,  etc.. 
furnishes  a  chapter  of  the  greatest  interest  to  every  one  concerned  with  questions 
of  medical  jurisprudence.  Also  included  in  the  work  is  the  enumeration  of  the 
laws  of  the  various  states  relating  to  the  commitment  and  retention  of  the  insane. 


OPINIONS  or  THE  MEDICAL  PRESS 


Medical  Newt.  New  York 

"  It  not  only  fills  a  need  from  the  standpoint  of  timeliness,  but  it  also  sets  a  standard  of 
what  a  text-book  on  Legal  Medicine  and  Toxicology  should  be." 

Columbia  Law  Review 

"  For  practitioners  in  criminal  law  and  for  those  in  medicine  who  are  called  upon  to  give 
court  testimony  in  all  its  various  forms  ...  it  is  extremely  valuable." 

OMjivania  Medical  jouiniL 

*'lf  the  excellence  of  ih.s  v(.)\\imc  \s  cq.\i*VtA\iN  \>\«  ^aco-cl^. the  work  will  easfly  take  laafc 
e  standard  text-book  on  ljega\  "WeAVcwt  a'ai'toiSwiVsicir 


Church  and  Peterson's  " 
Nervous  and  Mental  Diseases 


Nervous  and  Mental  Diseases.  By  Archibald  Church.  M.D., 
Professor  of  Nervous  and  Mental  Diseases  and  Medical  Jurisprudence, 
Northwestern  University  Medical  School,  Chicago;  and  Kkkperick 
Peterson,  M.  D.^  President  New  York  State  Commission  on  Lunacy; 
Clinical  Professor  of  Neurology  and  Psychiatry,  College  of  Physicians 
and  Surgeons,  N.  Y.  Handsome  octavo,  937  pages  ;  341  illustrations. 
Cloth,  ;B5.00  net ;  Sheep  or  Half  Morocco,  $6.00  net. 

JUST  ISSUCD-NCW    (Sthl   EDITION 

This  work  has  met  with  a  most  favorable  reception  from  the  profession  at 
large.  It  fills  a  distinct  want  in  medical  literaiure.  and  is  unique  in  that  it 
furnishes  in  one  volume  practical  treatises  on  the  two  great  subjects  of  neurology 
and  psychiatr)'.  In  preparing  this  edition  Dr.  Church  has  carefully  revised  his 
entire  section,  placin^f  it  in  accord  with  the  most  recent  psychiatric  advances. 
In  Dr.  Peterson's  section  —  Menul  Diseases  —  the  Kr^pclin  classification  of 
insanity  has  been  added  to  the  chapter  on  classifications  for  purposes  uf  reference, 
and  new  chapters  on  Manio-Depressive  Insanity  and  on  Dementia  Pracox  in- 
cluded. \\'hilc  the  changes  throughout  have  been  many,  they  have  been  so 
made  as  but  slightly  to  increase  the  size  of  the  work. 


OPINIONS  OF  THE    MEDICAL   PRESS 


American  Jotiroal  of  the  MedicoJ  Sciences 

"  Thu  edition  has  been  revised,  new  Utiutrations  added,  and  some  new  matter,  tind  really 
is  two  booltB.  .  .  .  Tlie  descripnons  of  disease  are  clear,  directions  as  in  irralmenr  definite, 
and  disputed  matters  and  theories  ore  omitted.     Alto^tber  it  is  a  roost  useful  lext-book." 

jotBoal  of  Nervous  and  Mental  Diseases 

"The  licst  tcit-book  e«po5iii«.n  of  this  subject  of  our  day  for  the  busy  practitioner.  -  .  , 
The  chapter  on  idiocy  and  imbecility  is  undoubtedly  the  best  that  has  been  given  us  in  any 
work  of  recent  date  upon  mentiil  diseases.  The  photogimphic  itlustrations  of  this  part  of  Dr. 
Petenon's  work  leave  nothing  to  be  desired." 

Neur  York  Medical  Journal 

"To  be   clear,  brief,  and   thorough,  and   at  the  same  time  authoritative,  arc  merif 
ensure  popularity.     The  medical  student  and  practitioner  wiU  find  in  this  volume  a  r 
reliable  resource." 


SAUNDEiiS'  BOOKS  ON 


Frahwald  and  WestcottV 
Diseases    of  Children 


DISMUM  of  ChtMran.  A  Piractical  Reference  Book  for  Students 
and  Pradittoners.  By  Piu>FBsso&  Dk.  Fuujinamd  Fruhwald.  of 
Vienna.  Edited,  with  additi<ms,  by  Th<»ifsom  S  Wbstcott,  M.  D, 
Associate  in  Dislsases  oi  Children,  Univeraity  of  Penns^vaaia.  Octavo 
volume  of  533  pages,  containing  176  illustratioiu.       Qoth,  ^$0  net. 

nun  muunr 

Hut  work  represents  die  author's  twenty  years'  esperience.  aad  k  intrnded 
as  a  practical  reference  work  for  the  student  and  pmctilioBar.  With  Hom  refier- 
eace  feature  In  view,  tbe  ii^vidual  iMseatcs  have  t>eea  anangad  alphatwdcally. 
The  prc^ylactk.  therapeutic,  and  didetic  tfeatmeats  are  cUbocatdy  disrusecd. 
The  practical  value  of  the  booh  has  beea  coasideiably  enhanced  l^  Uie  many 
excellent  illustrsdons. 
C  H.  Bafftfa^.  M-  »•• 

"It  is  ft  new  idea,  which  ongfat  to  beeome  p^Mtkr  becattw  ol  dM  ■Iphshcitlr 
Its  title  expresses  just  what  it  b— a  ready  reference  haiMMMok." 


Diseases  of  Children 


A  Manual  of  Diseases  of  Children.     By  John   Ruhrah,  M.  D., 

Clinical  Professor  of  Diseases  of  Children,  College  of  Physicians  and 
Surgeons,  Baltimore.  i2mo  of  404  pages,  fully  illustrated.  Flexible 
leather,  j52.CK)  net. 

JUST  READY 

In  writing  this  manual  Dr.  Ruhr&h's  aim  was  to  present  a  work  that  would  be 
of  the  greatest  value  to  students.  All  the  important  facts  are  given  concisely  and 
explicitly,  the  therapeutics  of  infancy  and  childhood  being  outlined  very  care- 
fully and  clearly.  There  are  also  directions  for  dosage  and  prescribing,  and  a 
number  of  useful  prescriptions  are  included.  The  feeding  of  infents  is  given  in 
detail,  and  the  entire  work  is  amply  illustrated  with  practical  illustrations.     A 

\3\\3'  '  insists  in  iVve  ma.Tv^  t^1«t^tvc^%  v^  V^^a<^c  literature,  so  selected 

AS  ftssible  \yj  0\c  sxudcTvV. 


Brower  and  Bannister 
on  Insanity 

A  Practical  Manual  of  Insanity.  For  the  Student  and  General 
Practitioner.  By  Daniel  R.  Bkower,  A.  M.,  \LD.,  LL.  D.,  Professor 
of  Nervous  and  Mental  Diseases  in  Rush  Medical  College,  in  affiliation 
with  the  University  of  Chicago;  and  Henry  M.  Bannister,  A.M., 
M.  D,  formerly  Senior  Assistant  Physician,  Illinois  Kastern  Hospital 
for  the  Insane.  Handsome  octavo  of  426  pages,  with  a  number  of 
full-page  inserts.     Cloth,  SjOO  net. 

FOR   STUDENT   AND    PRACTITIONER 

This  work,  intended  for  the  student  and  general  practitioner,  is  an  mtetligible. 
up-to-date  exposition  of  the  leading'  facts  of  psychiatr>',  and  will  be  found  of  in- 
valuable sen'ice.  especially  to  (he  busy  practitioner  unable  to  yield  the  time  for  a 
more  exhaustive  study.  The  work  has  been  rendered  more  practical  by  omitting 
elaborate  case  records  and  pathologic  details,  as  well  as  discussions  of  speculative 
and  controversial  questions. 

American  Medicine 

'  Cummcmli  itself  for  lucid  expressinn  in  cicar-cul  English,  so  essential  to  ihc  student  m 
any  drpartmenl  o(  meilicinr,  .  .  .  Trralmeni  \s  one  of  the  best  features  of  the  tiook.  and  for 
Ibis  .aspect  ii>  especinllv  coromendeJ  to  Rcncral  pr;iciiUtiners." 

Bergey's  Hygiene 

The  Principles  of  Hygiene;  A  Practical  Manual  for  Students, 
Physicians,  and  Health  Officers.  By  D,  H.  IU:kgev.  A.M.,  M.  D., 
Assistant  Professor  of  Bacteriology  in  the  University  of  Pennsylvania. 
Octavo  volume  of  536  pages»  illustrated.     Chith,  ^3.00  net 

RECENTLY  ISSUED— SECOND  REVISED  EDITION 

This  book  is  intended  to  meet  the  needs  of  students  nf  medicine  in  the 
acquirement  of  a  knowledge  of  those  principles  upon  which  modem  hygienic 
practises  are  based,  and  to  aid  physicians  and  health  officers  in  familiarizing 
themselves  with  the  advances  made  in  hygiene  and  sanitation  in  recent  years. 
This  new  second  edition  has  been  ver)*  carefully  revised,  and  much  new  matter 
added,  so  as  to  include  the  most  recent  advancements. 


Buffalo  Medical  Journal 

"  It  will  tic  roiin<l  cjf  value  to  the  praclittoner  of  medicine  and  the  practical  unitarian 
students  of  architecture,  who  need  to  consider  problems  of  beadng,  lighting,  ventilation, 
supply,  and  sewage  disposal,  may  consult  it  with  profit." 
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SAUNDERS^  BOOKS  OS 


Bttsi        AmericAii        mm 
Illustrated  Dictionary 

hak  Inued-Tbo  N«w(4tti)  Efitton 


Hm  AflMricui  niHrtratMl  AMIcid  IUcftoiMffy,  A  new  and  com- 
pkCe  dtctionaty  of  the  terms  uaed  in  Biedidiie,  Surgeiy,  Dentistiy, 
Pharmacyt  Chemistry, and  Idndred  branches;  wiUi  over  xoo  npr  and 
elaborate  tables  and  many  hand8<Mne  illustratioos. ,  By  W.  A.  Nkwmam 
DoELAND,  VL  D,,  Editor  of  "The  American  Pocket  Medical  Dictioa- 
aiy."  Large  octavo,  neatly  800  pages,  bound  in  full  fiex&le  leather. 
Price,  ^50  net;  witfi  thumb  index,  ^5x>o  net 


The  imnMwtistf  waaatm  of  tiiU  work  it  due  to  the  q>edal  festincs  that  distia- 
Ifuish  it  from  other  bo(^  of  iti  kind.  It  gires  a  maximum  of  matter  in  a  mini- 
mum space  and  at  tlie  lowest  possible  cost.  Though  it  is  practicaUy  unabridged, 
yet  by  the  use  of  thin  bible  paper  and  flexible  morocco  binding  it  is  only  1  ^ 
inches  thick.  The  result  is  a  truly  luxurious  specimen  of  book-making.  In  this 
new  edition  the  book  has  been  thoroughly  revised,  and  upward  of  two  thousand 
new  terms  that  have  appeared  in  recent  medical  literature  have  been  added,  thus 
bringing  the  book  absolutely  up  to  date.  The  book  contains  hundreds  of  terms 
not  to  be  found  in  any  other  dictionary,  over  lOO  original  tables,  and  many  hand- 
some illustrations,  a  number  in  colors. 


PERSONAL   OPINIONS 


Howard  A.  KeUy,  M.  D., 

Professor  of  Gynecology,  Johns  H<fpkins  University,  BaUiwtor*. 

"  Dr.  Dorland's  dictionary  is  admirable.     It  is  so  well  gotten  up  and  of  such  convenieat 
file.     No  errors  have  been  found  in  my  use  of  it." 

Rotwall  Park,  m.  D.. 

Professor  of  Principles  and  Practice  of  Smrgtry  and  of  CUmual  Surgery^  University  tf 

Buffalo. 

"  I  must  acknowledge  my  astonishment  at  seeing  how  much  he  has  condensed  within  rd»> 
■rely  small  space.     I  find  noxV^mg  \o  cnV\c\u,  v«r;  much  to  commend,  and  was  interested  iB 
nie  of  the  new  words  wWc\\  ait  tio\  vr  o^«  mcenx  ^Ati^vAnta." 


Galbraith's 
Pour  Epochsof  Woman's  Life 

Second  Revised  Edition— Recently  Issued 


The  Four  Epochs  ol  Woman*s  Life:  A  Study  in  Hygiene.  By 
Anna  M.  Galdkaith,  M.  D.,  Fellow  of  the  New  York  Academy  of 
Medicine,  etc.  With  an  Introductory  Note  by  John  H.  Ml'sser.  M.D., 
Professor  of  Clinical  Medicine,  University  of  Pennsylvania.  I2mc 
volume  of  247  pages.     Cloth,  S1.50  net 

MAIDENHOOD.  MARRIAGE.  MATERNITY.  MENOPAUSE 

In  this  instructive  work  are  staled,  in  a  modcsi,  pleasing,  and  conclusive 
manner,  those  truths  of  which  every  woman  should  have  a  thorough  knowledge. 
Written,  as  it  is,  for  the  laity,  the  subject  is  discussed  in  language  readily  grasped 
even  by  those  most  unfamiliar  with  medical  subjects. 

Birmingh&m  Medic&l  Review,  Englamd 

"  Wc  do  not  as  a  rule  care  for  medical  books  written  for  the  instruction  of  the  public.  Bert 
we  roust  admit  that  llie  :tdvice  in  Dr.  G^lbraJtli's  wurk  is  in  thi*  nmia  wise  and  wholesome." 

Pyle's  Personal  Hygiene 


A  Manual  of  Personal  Hygiene  ;  Proper  Living  upon  a  Physiologic 
Basis.  By  Eminent  Specialists.  Edited  by  Walter  L.  Pvle,  A.  M., 
M.  D..  Assistant  Surgeon  to  Wills  Kyc  Hospital,  Philadelphia.  Octavo 
volume  of  441  pages,  fully  illustrated.     Cloth,  Sr.50  net, 

NEW  (3d}  EDITION -RECENTLY  ISSUED 

The  object  of  this  manual  is  ta  set  forth  plainly  the  best  means  of  developing 
and  maintaining;^  physical  and  mental  vigor,  li  represents  a  thorough  exposition 
of  living  upon  a  physiologic  basis.  In  this  new  second  edition  there  have  been 
added  new  chapters  on  Home  (iymnastics  and  Domestic  Hygiene,  besides  an 
Appendix  of  Emergency  Procedures. 

Boston  Medical  and  Surreal  Journal 

*'  The  work  has  tieen  excelienilv  done,  there  ii  no  undue  rcpetirion.  and  the  wnirn  bj»« 
wccceded  unmually  well  in  presenting  facts  of  pracucai  significance  based  on  sound  ► 
edfe.' 


« 


SAUyOERS'  BOOKS   ON 


Draper's  Legal  Medicine 

A  Text-Book  of  Le^al  Medicine.  By  Frank  Winthrop  Draper, 
A.M.,  M.  D.,  Professor  of  Legal  Medicine  in  Harvard  University,  Bos- 
ton ;  Medical  Examiner  of  the  County  of  Suffolk,  Massachusetts,  etc. 
Handsome  octavo  volume  of  573  pasjes.  fully  illus.     Cloth.  S4-00  net 

A  NEW  WORK-RECENTLY  ISSUED 

The  subject  of  Legal  Medicine  is  one  of  great  importance,  especially  to  the 
general  practitioner,  for  it  is  to  him  that  calls  to  attend  cases  which  may  prove  lo 
be  medicolegal  in  character  most  fretjuently  come.  The  medicolegal  5eld  includes 
not  only  deaths  of  a  homicidal  nature,  but  also  suits  at  law — the  fatal  railway  acci- 
dent, machinery  casuaEties.  and  the  like,  to  which  the  neighboring  physician  may 
be  called,  and  later,  perhaps,  summoned  to  court.  It  is  evident,  therefore,  that 
every  practitioner  should  be  thoroughly  versed  in  all  branches  of  medicolegal 
science.  This  volume,  although  prepared  as  a  help  to  medical  students,  will  be 
found  no  less  valuable  and  instructive  to  practitioners.  The  author  has  had 
twenty-six  years'  experience  as  Medical  Examiner  for  the  city  of  Uoston,  his  in- 
vestigations comprising  nearly  eight  thousand  deaths  under  a  suspicion  of  violence. 

Hon.  Olin  Bryan.  LL.  B. 

/V./riitT  ./  Mtdtca!  JmrUprudtnce,    Baltimort  Medical  CoHegt 

"  A  careful  rradinK  of  Dr.ipcr's  Legal  Medicine  convinces  mc  of  the  rKcellcnt  chnraclcr  of 
the  work.  Il  is  cutnpichciuwc,  ihorough,  nnd  must,  uf  a  nece»aily.  prove  a  splendid  a'.'iiiisitioo 
10  the  libraries  of  those  who  arc  interested  in  m«?dical  jurisprudence.' 
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Jakob  and  FisherV 

Nervous  System  and  its  Diseases 

Atlas  and  Epitome  of   the  Nervous  System   and  Its  Diseases. 

By  Professor  Dr.  Chr.  Jakob,  of  Erlangen.  From  the  Second  Rnwd 
German  Edition.  Edited,  \vith  additions,  by  Edwaro  D.  Fl^her,  M.  D., 
Professor  of  Diseases  of  the  Nervous  System,  University  and  Bellcvue 
Hospital  Medical  College,  New  York.  With  83  plates  and  copious  text 
Cloth,  S3. 50  net.     In  Saunders*  Hand-Atlas  Series. 

The  matter  is  divided  into  Anatomy,  Pathology,  and  Description  of  Diseases 
of  the  Nervous  System,  The  plates  illustrate  these  divisions  most  completely  ; 
especially  is  this  so  in  regard  to  pathology.  The  exact  site  and  character  of  the 
lesion  arc  portrayed  in  such  a  way  that  they  cannot  fail  lo  impress  themselves  00 
the  memory  of  the  reader. 

PhiUdelptuA  Medical  Journal 

V^'r  know  of  no  one  worW  ot  «n^\\v\Tii  \\V«  co^u&l  sin  which  coven  ihii  importaai  utd 
«ompJicated  Aeld  with  the  cleartkcu  and  uaca^Kc  fv^UV't  q\  <dEiA&>uu&\-^\i&." 
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American  Text-Book  of 
Diseases  of  Children 

American  Text-Book  of  Diseases  of  Children.  Edited  by  Louis 
Starr,  M.  D.,  Consulting  Pcdiatrist  to  the  Maternity  Hospital,  etc.; 
assisted  by  Thompson  S.  Westcott,  M.  D.,  Attending  Physician  to  the 
Dispensai*)'  for  Diseases  of  Children,  Hospital  of  the  University  of  Penn- 
sylvania. Handsome  octavo.  1244  pages,  profusely  illustrated.  Cloth, 
I7.00  net;  Sheep  or  Half  Morocco.  $8.00  net. 

SECOND   REVISED   EDITION 

To  keep  up  with  the  rapid  advances  in  the  field  of  pediatrics,  the  whole  sub- 

ject-macter  embraced  in  the  first  edition  has  been  carefully  revised,  new  articles 
added,  sume  original  papers  amended,  and  a  number  entirely  rewnttcn  and 
brought  up  to  date.  The  volume  has  thus  been  increased  in  sixe  by  a  very 
considerable  amount  of  fresh  material. 

Britnh  Medical  Joumftl 

'  M.iy  be  recommended  as  a  thoroughly  trustworthy  and  satisfactory  guide  to  the  subject 
of  the  (Ii<(e;ises  of  children." 

Paul's  Fever  Nursing 


Nursing  in  the  Acute  Infectious  Fevers.  By  George  P.  Paul, 
M.  D.,  Assistant  Visiting  Physician  and  Adjunct  Radiographer  to  the 
Samaritan  Hospital,  Troy,  N.  Y.  l2mo  volume  of  200  pages.  Cloth, 
$1.00  net. 

JUST  ISSUED 


Dr.  Paul  has  written  this  litde  worlc  especially  for  the  trained  nurse,  so  that  all 
extraneous  matter  has  been  studiously  avoided.  The  author  has  laid  great  stresf 
upon  care  and  management  in  each  disease,  as  this  relates  directly  to  the  dutie* 
of  the  nurse.  The  book  is  divided  into  three  parts.  The  first  part  treats  of  fevei 
in  its  general  aspects  ;  the  second  discusses  each  of  the  acute  infectious  fevers^ 
giving  cause,  sipns.  symptoms,  course,  prognosis,  care,  and  management ;  th< 
third  deals  with  practical  procedures  and  information  necessary  to  the  propel 
management  of  the  diseases  discussed. 


Friedenwald  6  Ruhrah's 
Dietetics  for  Nurses 


Dietetics  for  Nurses.     By  Julius    Friedenwald,  M.  D.,  Clinical       ' 
Professor  of  Diseases  of  the  Stomach,  College  of  Physicians  and  Sur-  H 
geons,  Baltimore ;    and  John   Ruhrak,  M.  D..  CHniAl    Professor  of 
Diseases  of  Children,  College  of  Physidans  and  Surgeons,  Baltimore, 
I     i2mo  of  363  pages.     Cloth,  $1.50  net.  ^U 

^^  J'JST   ISSUED  ^M 

\  This  work  has  been  prepared  to  meet  the  needs  of  the  nurse,  both  in  the 

training  school  and  after  graduation.      It  aims  to  give  the  essentials  of  dietetics, 
considering  briefly  the  physiology  of  digestion  and  the  various  classes  of  foods  ^i 
and  the  part  they  play  in  nutrition.    The  subjects  of  infant  feeding  and  the  feeding  ^M 
of  the  sick  are  fully  discussed,  and  rectal  alimentation  and  the  feeding  of  oper-  ^^ 
ative  cases  are  fully  described.      Diet-lists  and  recipes    for  the  invalid's  dietary 
are  appended.  ^^ 

Edinburtf  Medical  Journal  ^H 

"It  appears   lo   us   to   contain    all   the   practical  lide  of  dielettcfi,  of  handy  st<e  and   de-  n 

void  of  padding." 

Lewis*   Anatomy   and 
Physiology  for  Nurses 

Anatomy  and  Physiology  for  Nurses.     By  LeRov  Lewis,  M.D.J 

Surgeon  to  and  Lecturer  on  Anatomy  and  Physiology  for  Nurses  at 
the  Lewis  Hospital.  Bay  City,  Michigan.  l2mo  of  317  pages,  with 
146  illustrations.     Cloth,  ^1.75  net. 

JUST  ISSUED 

The  author  has  based  the  plan  and  scope  of  the  work  on  the  methods  he  haf 
employed  in  teaching  the  subjects,  and  has  made  the  text  unusually  simple  and 
clear.  The  object  was  so  to  deal  with  anatomy  and  physiology  that  the  student 
might  easily  jfrasp  the  primary  principles,  at  the  same  time  layinjj  a  broad  foioi' 
dan'on  for  a  wider  study.  The  text  is  rendered  more  comprehensive  by  th« 
pracricaJ  illustrations,  reprcsenlm^  >iit  \»5>v  Vbai  could  be  obtained. 
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DeL/ee's  Obstetrics  for  Nurses 

Obstetrics  lor  Nurses.  Wy  Joseph  H.  DKLiiK,  M.D..  Profcsso 
of  Obstetrics  in  the  Northwestern  University  Medical  School;  Lecture 
in  the  Nurses'  Tntininf^  Schools  of  Mercy,  Wesley,  Provident,  Cool 
County,  and  Chicago  Lying-in  Hospitals.  i2mo  volume  of  460  pages 
fully  illustrated.  Cloth.  $2.50  net 

JUST   ISSUED— NEW(2nd]EDITION 

The  iilusirations  in  Dr.  De  Lee's  work  are  nearly  all  original,  and  represen 
photogmphs  taken  frum  actual  scenes.  The  text  is  the  result  of  the  author's  eigh 
years'  experience  in  lecturing  ti>  the  nurses  of  five  different  training  schools. 

J.  Clifton  Edtfar,  M.  D., 

fro/essor  c/  ObsUtrus  and  Ciinical  Midvtifery.  ComtU  Meditai  Schooi.  N.  K 
"  It  is  far-and-away  the  best  that  has  comt.-  to  my  notice,  and  I  shall  take  great  pleasure  i] 
recommendinK  It  t^J  n'y  nurses,  und  students  aa  well." 

Davis'  Obstetric  and 
Gynecologic  Nursing 

Obstetric  and  Gynecologic  Nursing.  By  Edward  \\  Davis,  A. M, 
M.  D.,  Professor  of  Obstetrics,  Jefferson  Medioil  College  and  Philadel 
phia  Poiyciinic.     i2mo  of  400  pages,  illustrated.     Buckram,  $^'7S  "^ 

RECENTLY  ISSUED— SECOND  REVISED  EDITION 

The  Lancet,  London 

"  Not  only  nurses.  Nut  even  newly  qualified  medic.il  men.  would  Ie«m  a  great  deal  by. 
perusal  of  this  book.     It  i$  written  in  u  clear  and  pleasant  style,  and  is  a  work  we  can  reconi 

mend," 

Reference   Handbook  for  Nurses 

A  Reference  Handbook  for  Nurses.  By  Amanda  K.  Beck,  ol 
Chicago.  111.     32010  of  177  pa^jes.     Flexible  morocco,  $1.25  net 

RECENTLY   ISSUED 

This  little  book  contains  infonnation  upon  ever>*  question  that  comes  to  \ 
nurse  In  her  daily  work,  and  embraces  all  the  information  that  she  requires  t 
carry  out  any  directions  piven  by  the  physician. 

Boston  Medical  and  Suri^al  Journal 

"Mum  1>c  rr^;ar.|.'d  ft^  an  extremely  useful  lK>ok.  not  onllf  ft«  ttar5rs  Un^  ^^  •\jfin;<i:fs«sai^ 
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Hofmann  and  Peterson's 
Legal  Medicine 

Atlas  of  Legal  Medicine.  By  Dr.  E.  von  Hofmann,  of  Vienna, 
Edited  by  Frederick  Peterson,  M  D.,  Clinical  Professor  of  Psychi- 
atry in  the  College  of  Physicians  and  Surgeons,  New  York.  With  120 
colored  figures  on  56  plates  and  193  half-tone  illustrations.  Cloth, 
$3.50  net.     /;/  Saunders'  Hand-Atlas  Scrits, 

By  reason  of  the  wealth  of  illustrations  and  the  fidelity  of  the  colored  plates, 
the  book  supplements  all  the  text-books  on  the  subject.  Moreover,  it  furnishes  to 
every  physician,  student,  and  lawyer  a  veritable  treasure-house  of  informatioD. 

rhe  Practitioner.  London 

"  llie  illustrations  appear  lo  be  the  best  That  have  ever  been  published  In  connection  with 
this  department  of  mrdicine.  and  they  cannot  fail  to  be  useful  alike  to  the  medical  jurist  and  to 
the  student  of  ruien^ic  medicine." 

Chapman's 
Medical  Jurisprudence 

Medical  Jurisprudence,  Insanity,  and  Toxicology.     By  Henrv  C. 

Chapman,  M.  D..  Professor  of  Institutes  of  Medicine  and  Medical 
Jurisprudence  in  Jefferson  Medical  College,  Philadelphia.  Handsonae 
l2mo  of  329  pages,  fully  illustrated.     Cloth,  Si 75  net. 

RECENTLY   ISSUED— THIRD   REVISED  EDITION.  ENLARGED 

I  This  work  is  based  on  the  author's  practical  experience  as  coroner's  physiciaa 

of  the  city  of  Philadelphia  for  a  period  of  six  years.  Dr,  Chapman's  book, 
therefore,  is  of  unusual  value. 

This  third  edition  has  been  thoroughly  revised  and  greatly  enlarged.  $0  as  10 
bring  it  absolutely  in  accord  with  the  \tvy  latest  advances  in  this  important  branch 
of  medical  science.  There  is  no  doubi  ii  will  meet  with  as  great  fiivor  as  ihe 
previous  editions. 

Medfcai  Record,  New  York 

"  VUc  fiianual  is  esscntia\K'  prac^cai,  ftT^A  Vfc  *  ^om^I  f^ide  for  the  seaeral 
^esldcf  possessing  liter&ry  tncnl." 
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Golebiewski  and  Bailey's 
Accident  Diseases 


Atlas  and  Epitome  of  Diseases  Caused  by  Accidents.    By  Dr.  Ed. 

Golebiewski,  of  Berlin.  Edited,  with  additions,  by  Pearce  Bailey, 
M.D.,  Consulting  Neurologist  to  St  Luke's  Hospital,  New  York. 
With  71  colored  illustrations  on  40  plates,  143  text-illustrations,  and 
549  pages  of  text.  Cloth,  ^.00  net.  In  Saunders*  Hand- Atlas 
Series, 

This  work  contains  a  full  and  scientific  treatment  of  the  subject  of  accident 
injury  ;  the  functional  disability  caused  thereby  ;  the  medicolegal  questions  in- 
volved, and  the  amount  of-  indemnity  justified  in  given  cases.  The  work  is 
indispensable  to  every  physician  who  sees  cases  of  injury  due  to  accidents,  to 
advanced  students,  to  surgeons,  and,  on  account  of  its  illustrations  and  statistical 
data,  it  is  none  the  less  useful  to  accident-insurance  organizations. 

TIm  Madical  Record.  New  York 

"  This  volume  is  upon  an  important  and  only  recently  systematized  subject,  which  is  grow- 
ing in  extent  all  the  time.     The  pictorial  part  of  the  book  is  very  satis  factory ." 

Stoney's 
Materia  Medica  for  Nurses 

Practical  Materia  Medica  lor  Nurses,  with  an  Appendix  containing 
Poisons  and  their  Antidotes,  with  Poison- Emergencies  ;  Mineral  Waters ; 
Weights  and  Measures ;  Dose-List,  and  a  Glossary  of  the  Terms  used 
in  Materia  Medica  and  Therapeutics.  By  Emily  M.  A.  Stonev,  of  the 
Carney  Hospital,  South  Boston.     1 2mo  of  300  pages.     Cloth,  ^1.50  net. 

JUST    ISSUED— NEW  (3rd)  EDITION 

In  making  the  revision  for  this  new  third  edition,  all  the  newer  drugs  have 
been  introduced  and  fully  discussed.  The  consideration  of  the  drugs  included 
their  sources  and  composition,  their  various  preparations,  physiologic  actions, 
directions  for  administering,  and  the  symptoms  and  treatment  of  poisoning. 

JoumcJ  of  the  American  Medical  Auodalion 

"  So  far  as  we  can  see.  it  contains  everything  that  a  nurse  ought  to  know  in  regard  to  dnigl. 
As  a  reference-book  for  nurses  it  wilt  without  question  be  very  useful." 
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Stoney's  Nursing 


Practical  Potato  ta  Nurataff;  f<M>  Nurses  in  Brivate  Pnctice.  Bf 
Emily  M.  A.  Stonet,  Superintendent  ofthe  Tnnning  School  for  Nurses 
at  the  Carney  Hospital,  South  Boston,  Mass.  466  pages,  fully  illus- 
trated.   Cloth,  $  1 .75  net 

THIRD  SmnOll.  TOOROUGHLY  RCVISED    MPCMWW  ISSUED 

In  this  rolume  the  »rthor  frrphiinit  the  «ktire  range  of  jfrAwiSr  annfaig  as  <B»- 
tinguished  from  Am^Ai/ nursing,  and  the  nune  is  instnicted  how  best  to  meet  the 
various  emergencies  of  medical  and  smgical  cases  when  distant  from  mediral  or 
suxgical  aid  or  when  thrown  on  her  own  resources.  An  eqiedaltyvalnaUe  tetnra 
will  be  found  in  the  directions  how  to  impnmiit  eyerything  or&iarily  needed  in  tfia 
sick-room. 


TheLenoat 

"A  Texy  complete  egporftion  of  pnoticsl  auisiiir  ia  Us  varioos  btaachee,  IncliMflag  eltetgic 
and  gyaecoiogic  avnhig.    The  inetttetlaos  g^vea  an  fan  of  asaid  detaiL" 


Stoney's  Technic  for  Nurses 

Bacteriology  and  Surgical  Technic  lor  Nurses.    By  Emily  M.  A. 

Stonev,  Superintendent  at  Carney  Hospital,  South  Boston.  Revised 
by  Frederic  R.  Griffith,  M.  D.,  Surgeon,  of  New  York.  i2mo, 
278  pages,  illustrated.     Cloth,  ^1.50  net 

RECENTLY  ISSUED-NEW  (Sd)  EDmON 
Trained  Nurse  and  Hosptlal  Review 

"  These  subjects  are  treated  most  accurately  and  up  to  date,  without  the  superSuoos  reading 
which  is  so  often  employed.  .  .  .  Nurses  will  find  this  book  of  the  greatest  value  both  during 
their  hospital  course  and  in  private  practice." 

Spratling  on  Epilepsy 

Epilepsy  and  Its  Treatment.  By  William  P.  Spratling.  M.  D., 
Medical  Superintendent  of  the  Craig  Colony  for  Epileptics,  Sonyea, 
New  York.     Octavo  of  522  pages,  fully  illustrated.     Cloth,  J4.00  net 

Tim  taacet  London 

"Dr.  SpmtlJDg's  work  is  written  \\iTO^i%\itraX  V&%^\«»xvDe^v»&i^«L^VK.  v .  .  Tliewock 
' «  nine  of  information  on  the  »\io\e  sub^wA  o^  tv\\tvvi  «cA'«a>x«sxM»xr 


LHILDHEX  .LYI)   HVG/hXE. 


Griffith's  Care  of  the  Baby 

The  Care  of  the  Baby.  By  J.  l\  Croker  Gkikfith.  *\L  D.,  Clinical 
Professor  of  Diseases  of  Children,  University  of  Pcnn. ;  Physician  to  the 
Children's  Hospital,  Pliila,    I2mrj,436  pp.   Illustratetl.    Cloth,  Si. 50  net. 

RECENTLY  ISSUED— THIRD   EDITION.  THOROUGHLY   REVISED 

The  author  has  endeavored  to  furnish  a  reliable  guide  for  mothers.  He  has 
made  his  statements  plain  and  easily  understood,  in  the  hope  that  the  volume 
may  be  of  service  n<»t  only  to  mothers  and  nurses,  but  also  to  students  and  practi- 
tioners whi)se  opjxirtuniues  for  observing  children  have  been  limited 

New  York  Medic&l  Journal 

■  We  arc  cuntidt-iii  if  this  liMlc  work  could  find  its  way  into  the  hands  of  every  tr^iiied 
nurse  and  of  every  moihtr,  inf:ini  mortality  would  be  lessened  by  at  least  fifty  per  cent." 

Crothers'  Morphinism 

Morphinism  and  Narcomania  from  Opium,  Cocain,  Ether,  Chloral, 
Chloroform,  and  other  Narcotic  Drugs;  also  the  ?Itiology,  Treatment, 
and  Medicolegal  Relations,  ByT.  D.  Crotheks,  M.  D.,  Superintendent 
of  Walnut  Lodge  Hospital,  Hartford,  Conn.  Handsome  i2mo  of  351 
pages.     Cloth,  $2.00  net. 

The  Lancet  London 

"An  excellent  account  of  the  various  causes,  symptoms,  and  stages  of  morphinism,  the 
discussion  being  throughout  illuTninated  by  an  abundance  of  facts  of  clinical,  pftychologlcal,  iind 
social  interest." 

Abbott's  Transmissible  Diseases 

The  Hygiene  of  Transmissible  Diseases:  Their  Causation,  Modes 
of  Dissemination,  and  Methods  of  Prevention.  By  A.  C.  Abbott,  M.  D., 
Professor  of  Hygiene  and  Bacteriology,  University  of  Pennsylvania. 
Octavo,  351  pages,  with  numerous  illustrations.     Cloih,  $2.50  net. 

SECOND   REVISED   EDITION 

During  the  interval  that  has  elapsed  since  the  appearance  of  the  first  edition 
investigations  upon  the  modes  of  dissemination  of  certain  of  the  specific  infections 
have  been  very  active.  The  sections  on  Malaria.  Yelhiw  Fever.  Plague,  Filariasis, 
Dysenter)',  and  Tuberculosis  have  been  both  revised  and  enlarged. 

The  Lancet,  London 

■  We  heartily  commend  the  book  aa  ft  concise  and  trustworthy  guide  m  the  subject  with 
tiicb  it  deals,  and  we  sincerely  congratulate  Professor  Abbott.'* 


^ 


l/NDERS'   BOOJiTS  ON  CHILDREN, 

■      A    n*    A*  Fmirtfa  Edition,  ftcvu«^ 

:ket  Dictionary  Receiiiiy  t»u«d 

3CK.ET  ^Iedical  DicrioNARV.  Edited  by  W,  A.  New- 
j  M.  D.,  Assistant  Obstetrician  to  the  Hospital  of  the 
ennsylvania.  Containing  the  pronunciation  and  defini- 
■rtc  ij^..idpal  words  used  in  medicine  and  kindred  sciences,  with 
bles.  Handi^oniely  bound  in  flexible  leather,  with  gotd 
t ;  with  patent  thumb  index,  $1.25  oet. 

c  nd  It  trt  our  irutkn^J'  wUhouI  reserve." — J.  H.  HOLLAND,  M.  D.,  Bm^ 

ow's  Immediate  Care  of  Iniured  ju«t  Rm^t 

Immeuiatk  Care  OF  THE  Ir^jupED.  By  Albert  S-  Morrow,  M.  D., 
Attending  Surgeon  to  the  New  York  City  Hospital  for  the  Aged  afid 
Infirm,     Octavo  of  350  pages,  with  ^50  illustrations. 

Dr.  Morrow's  book  on  einergcncy  prnctdures  is  wriurn  m  n  definite  and  decisive  slj 
Ibef  reader  bem^  told  just  wliflt  lo  do  in  every  tfHiCrgencv,  U  is  a  practiail  book  Ajrevi 
dav  u^e,  and  Hie  large  nninbeT  oftMicdirnt  illuSitTatians  can  hot  but  TDJtke  thfr  rrratm'Ptil' 
be  pursued  in  any  case  clear  itnd  mteUigibt*?.    Pliy^cuDSAad  nurses  VkjII  find  ii  mdispriiAtt 

Poweirs  Diseases  of  Children  Tturd  cdhioa.  Rc 

f  Essentials  of  the  DtSEASEs  of  Children.    By  William  M,  Pow 

M.    D.     Revised  by  Alfred  Hand^  Jr.,  A.   B.,  M.   D.,  Dispe 
Physician   and   Pathologist    to   the    Children's   Hospital,   Philadelpt 
lamo    volume     of    359     pages.       Cloth,    ^r.oo  net.      /«    Savfsdt 
Questton-  Compend  Serim. 

Shaw  on  Nervous  Diseases  and  Insanity      r^^^'^cd 

Essentials  of  Nervous  Diseases  akd  Insamty  :  Their  SyTnptoms 
and  Treatment.  A  Manual  for  Students  and  Practitioners.  By  th«  kte 
John  C,  Shaw,  M.  D.,  Clinical  Professor  of  Diseases  of  the  Mind  and 
Nervous  System,  Long  Island  College  Hospital,  New  York.  lamo  of 
204  pages,  illustrated.  Cloth,  ^i. 00  net.  In  Saunders'  Question-Corn- 
pend  Series, 

•'  Clearly  and  intelligenUy  written ;  we  have  noted  few  inaccuracies  and  several  «^- 
gestive  points.  Some  affections  unmentioned  in  many  of  the  large  text-books  are  noted." 
— Boston  Medical  and  Surreal  Journal, 

Starr's  Diets  for  Infants  and  Children 

Diets  for  Infants  and  Children  in  Health  and  in  Disease.  By 
Louis  Starr,  M.  D.»  Consulting  Pediatrist  to  the  Maternity  Hospital, 
Philadelphia.  230  blanks  (pocket-book  size).  Bound  in  flexible  Morocco, 
^1.25  net. 

Grafstrom's  Mechano-Therapy  s«:,Sr^!dM«o. 

A  Text-book  of  Mechano-therapv  fMassage  and  Medical  Gymnas- 
tics). By  Axel  V.  Grafstrom,  B.  Sc,  M.  D.,  Attending  Physician  to 
the  Gustavus  Adolphus  Orphange,  Jamestown,  New  York.  x2mo,  200 
pages,  illustrated.     Cloth,  ^1.25  net. 
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Stoney's  Nursing 


Practical  Points  in  Nursing:  for  Nurses  in  Private  Practice. 
Emily  M.  A.  Stonev.  Superintendent  of  the  Training  School  for  Nurses 
at  the  Carney  Hospital,  South  Boston.  Mass.  466  pages,  fuHy  illus- 
trated.    Cloth,  $1.75  net. 


THIRD   EDITION,  THOROUGHLY   REVISED— RCCCNTLY    ISSUED 


In  this  volume  the  author  explains  the  entire  range  cS  prhiate  nursing  as  dts- 
Dn^ishcd  from  >4/7.f///rt/ nursing,  and  the  nurse  is  instructed  how  hest  to  meet  the 
various  emergencies  of  medical  and  surgical  cases  when  distant  from  mcdiral  or 
surgical  aid  or  when  thrown  on  her  own  resources.  An  especially  valuable  feature 
will  be  found  in  the  directions  how  to  improvise  everything  ordinarily  needed  in  the 
sick-room. 


The  Lancet.  London 

"A  very  complete  exposition  of  pnurtical  nursing  in  its  vanous  bninches.  inclnding  elMeflie 
and  ^nccologic  nursing.     The  instructions  given  arc  full  of  useful  detail. " 


Stoney's  Technic  for  Nurses 

Bacteriology  and  Surgical  Technic  lor  Nurses.     By  Kmilv   M.  A. 

Stoney,  Superintendent  at  Carney  Hospital,  South  Boston.  Rcvi>cd 
by  Frederic  R.  Griffith,  M.  D.,  Surgeon,  of  New  York,  ismo, 
278  pages,  illustrated.     Cloth,  f>\.lO  net. 

RECENTLY  ISSUCD-NCW  (ad)  EDITION 
Trained  Ntirse  and  Hospital  Review 

"  These  subjects  are  treated  mos.!  accurately  and  up  to  date,  without  the  superfluous  r*.*dtnc 
which  is  so  often  employed.  .  .  .  Nurses  usill  find  this  book  of  the  greatest  ralue  both  dunng 
their  hospital  course  and  in  private  practice, " 

Spratling  on  Epilepsy 

Epilepsy  and  Its  Treatment.     By  William   P.  Spratlwg.  M.  D.. 

Medical  Superintendent  of  the  Craig  Colony  for  Epileptics.  Sonyca. 
New  York.     Octavo  of  522  pages,  fully  illustrated.     Cloth,  ;&4.oo  net. 

The  Lancet,  London 

"Dr.  Spratling's  work  iswnWeii  \hTOM%\\wiV\'c\»t\c»x*xAT«AittVA>^'«„  .  .  .  Tbcw«r% 
the  v(\ioAt  SiU^\tc\  o\  «:\^^<:v^l  wA^aX^^gjj' 
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Griffith's  Care  of  the  Baby 

The  Care  of  the  Baby.  By  J.  P.  Crcwer  GHiFFiTK.  M.  D.,  Clinical 
Proffssor  of  Ui^cascs  of  Children,  University  of  Pcnn. ;  Physician  to  the 
Children's  Hospital,  Phila.    12010.436  pp.   lilustratetl.    Cloth,  Si. 50  net. 

RECENTLY    ISSUED— THIRD   EDITION,  THOROUGHLY    REVISED 

The  author  has  endeavored  to  furnish  a  reliable  ^uide  for  mothers.  He  has 
made  his  statements  plain  and  easily  understood,  in  the  hope  that  the  volume 
may  be  of  service  not  only  to  mothers  and  nurses,  hut  also  10  students  and  practi- 
tioners whose  oppfvrtunities  for  observing  children  have  been  limited. 

New  York  Medical  Journal 

••  \Vc  arc  cv-nlid'-ni  if  this  little  work  coutd  find  its  way  into  the  hands  of  every  trained 
nurte  and  of  every  moihirr,  iiif.int  rnortaiity  wouhl  Lie  lessened  by  at  least  fifty  per  cent." 

Crothers'  Morphinism 

Morphinism  and  Narcomania  from  Opium,  Cocaiii,  Ether,  Chloral, 
Chloroform,  and  other  Narcotic  Drugs;  also  the  Etiology,  Treatment, 
and  Medicolegal  Relations.  RyT.  D.  CrmthEr.s,  M.  D,.  Superintendent 
of  Walnut  Lodge  Hospital,  Hartford,  Conn.  Handsome  i2mo  of  351 
pages.     Cloth,  $2,00  net. 

The  Lancet,  London 

An  excctleni  account  of  the  various  causes,  symptoms,  and  liases  of  morphinism,  ibe 
discussion  being  throughout  Hlumlnaied  by  an  abundance  of  lacis  uf  clinical,  psychological,  and 
socdal  interest." 

Abbott's  Transmissible  Diseases 

The  Hygiene  of  Transmissible  Diseases:  Their  Causation,  Modes 
of  Dissemination,  and  Methods  of  Prevention.  By  A.  C.  Abboit.  M.  D., 
Professor  of  Hygiene  and  Bacteriolog}',  University  of  Pennsylvania, 
Octavo.  351  pages,  with  numerous  illustrations.     Cloth,  ^2.50  net 

SECOND    REVISED    EDITION 

During  the  interval  that  has  elapsed  since  the  appearance  of  the  first  edition 
investigations  upon  the  m<»des  of  dissemination  of  certain  of  the  specific  infections 
have  been  ver>'  active.  The  sections  on  Malaria.  Yellow  Fever.  Plague,  Filariasis, 
Dysentery,  and  Tuberculosis  have  been  both  revised  and  enlarged. 

The  Lancet,  London 

"  W't;  heanily  commend  ihe  book  as  a  concise  and  trustworthy  guide  in  the  subject  with 
tvhfch  it  deals,  and  we  sincerely  congratulate  Professor  Abt>ott." 
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